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EXECUTIVE SUMMARY
A. Background to the CRVA

1. The proposed Sustainable Highlands Highway Infrastructure Program (SHHIP) is
envisaged as a ten- year, multi-partner, multi-tranche financing facility aiming to restore and
upgrade the Highlands Highway in Papua New Guinea (PNG). The executing agency is the
PNG Department of Works (DoW). The initial climate screening of SHHIP using AWARE
determined the Investment Program to be at medium risk to climate and climate change. As
a result, ADB procedures require that a climate risk and vulnerability assessment (CRVA) be
undertaken during the design stage. This report presents the findings of the CRVA.
Additional evidence and methodologies are presented in Annexes; while photographic
evidence is presented in the Appendix.

2. Several studies indicate that road transport is amongst the sectors that are most
vulnerable to climate change. The ADB has committed to assisting its Pacific Development
Member Countries (DMCs) to climate proof projects and to ensure that the outcomes of
projects are not compromised by climate change. The CRVA is a key tool for undertaking
this task. Specifically, the purpose of this CRVA is to assess the climate and climate change
threats to the SHHIP, to assess the adaptation measures that are proposed in the SHHIP
design, to determine to what extent the performance and design of SHHIP are vulnerable to
climate change, and to recommend measures that will improve the climate resilience of
SHHIP. The CRVA covers all aspects of the SHHIP investment program.

3. This CRVA was undertaken as an integral part of the SHHIP preparation and design
process in combination with the Project Preparatory Technical Assistance. The approach to
the CRVA included making necessary efforts to fully understand the challenges being
addressed by the SHHIP, to understand the details of SHHIP’s approach and to understand
the limitations on the SHHIP. The CRVA is therefore adapted to the SHHIP design. In
addition, specific methodologies were developed for two CRVA sub-steps, i.e.: (i) assessing
and prioritizing the climate risks associated with SHHIP components and (ii) counting the
costs of SHHIP activities that qualify as climate finance.

4, As with many CRVAs, constraining factors were the incomplete meteorological and
other geographical data, and the incomplete nature of climate change projections. Further, at
the time of preparing this report, the detailed engineering data for the design of SHHIP
Tranche 1 was not available. These constraints notably limited the ability to undertake an
economic analysis of the impacts of climate change and of adaptation measures.

B. Context of the Sustainable Highlands Highway Infrastructure Program

5. The Highlands of Papua New Guinea (PNG) is a chain of mountains and high valleys
stretching in a generally west to east direction from the border with Indonesia in the center of
the island to the eastern coast. The mountain valleys of the Highlands have been relatively
densely populated for a long time and remain so to this day; it is estimated that some 40% of
PNG’s population live in the Highlands. The Highlands have many unique geographical
characteristics including an extreme tropical climate, highly fragmented watersheds and a
predominantly steep relief.

6. The existing Highlands Highway (HH) stretches over 600 km from Lae on the eastern
coast to Mendi in Southern Highlands Province. It is a national highway and a major
component of PNG’s national road network. It is the only terrestrial means of access to the
Highlands and is the only road in the Highlands that crosses a provincial boundary. It
therefore provides an essential economic, social, educational and cultural lifeline to the



Highlands. The HH is mostly surrounded by small-scale agriculture and associated
dwellings. The adjacent land is mostly covered with vegetation, often quite thick, even on the
steep slopes, although there are some exceptions and some land is uncovered and exposed
to erosion.

7. The focus of SHHIP is a 430 km stretch of the HH starting about 40 km outside Lae
(near the East coast) and continuing to 20 km before Mount Hagen in the Western
Highlands. Approximately, 3% of this stretch is in good condition, 75% in fair condition and
22% in poor condition. This stretch can be divided into five distinct zones as follows:

e Zone 1, covering 101 km from Nadzab airport to Umi Bridge, generally in fair
condition;

e Zone 2, covering 208 km to the border with Chimbu Province, generally in fair-poor
condition;

e Zone 3, covering 57 km across all of Chimbu Province, generally in poor condition;

e Zone 4, covering 20 km in Jiwaka Province, is generally in fair-poor condition; and,

e Zone 5, covers 42 km from Ambeke Bridge to Kagamuga, generally in fair condition.

8. The existing road pavement exhibits many forms of deterioration. It suffers from
potholes, damaged edges, deformations, subsidence, erosion and land and rock slides. In
some places these factors have connected up and combined and the pavement surface
layer is missing. The base layer is damaged in some short sections and at some points parts
of the pavement have collapsed. However, the entire road is passable during most of the
year, although delays are regular and chronic damage is caused to vehicles. There is
evidence that the deterioration is increasing and it seems likely that major problems may lie
ahead and at times after weather events the road is impassable requiring emergency works.

9. Most damage to the pavement is caused by the rain as follows:

e This raises the water table so that it reaches the pavement foundation layers or even
the pavement surface. This weakens the foundations and contributes to subsidence,
deformation and pothole formation;

e During short-term, intensive rain events, ineffective or absent side drains mean high
energy rainwater flows down the road crown and/or the road edge. This weakens the
foundations and exacerbates any existing failures;

e During short-term, intensive rain events, rainwater overflows the cross-culverts and
crosses the road surface. In addition to damaging the surface, this can erode road
foundations near the culvert outlet; and,

e Accumulated rain, from both short-term, intensive events and prolonged rain spells,
saturates the soil and contributes to rock and land instability.

C. Climate and climate change threats to the Highlands Highway

10. The greatest climate related threat is extreme rainfall of short duration (within a 24-
hour period). Prolonged rainfall also presents a risk as the water accumulates. There are no
significant risks associated with high temperatures or strong winds. Both short-term and
longer-term rainfalls exhibit strong temporal variability. Further, there is also some evidence
of spatial variability in the maximum intensity of short-term rainfall and in annual rainfall.
Notably, the storms causing extreme rainfall appear generally small in geographical size.

11. By 2050, the expected changes in these threats due to climate change can be
summarized as follows:

e At any site, the average annual rainfall will increase by, at most, 14%;



e At any site, the maximum daily rainfall, for any given return period, may increase by
up to 30% (by 2055);

e For any small catchment, the peak rainwater discharge may increase by up to 34%
(for any given return period). This would notably influence the required size of drains;

¢ For any small catchment, the peak water levels in streams and rivers may rise by up
to 55% (for any given return period). This would notably influence the required height
and design of bridges;

o For larger catchments, it appears likely that: (i) the peak discharges will rise, but
probably by less than 34%; and (ii) the peak water level will rise, but probably by less
than 55%; and,

e Increases in extreme and prolonged rainfall will most likely lead to increases in soill
saturation levels, and in turn to increased slope instability and weakening of the road
layers.

D. The SHHIP

12. The SHHIP is envisaged to be implemented in three tranches over a ten-year period.
It has four Outputs:
(1) Highlands Highway from Lae Nadzab airport to Kagamuga airport at Mt. Hagen, is
restored, effectively maintained, and upgraded as required to be safe, climate- and
disaster resilient for all users. This covers the 430 km over the five zones;
(2) Road safety increased and sustained for pedestrians and vehicle passengers on
the Highlands Highway;
(3) Transport logistics and services improved in the Highlands region to strengthen
value chain for domestic and international trade; and
(4) Program management and institutional capacity improved to deliver the program
and sustain its benefits.

13. The first output is the main SHHIP investment and is the main focus of this CRVA.
E. Findings of the CRVA (1) — The Overall SHHIP

14. The approach to SHHIP has many positive characteristics in terms of increasing
climate resilience. First, the multi-tranche approach facilitates the integration of climate
change measures. It allows time and space to collect climate related data, to develop
innovative approaches and to convince all decision-makers of the feasibility and necessity of
adapting.

15. Second, two alternative approaches to implementation were considered. The first (to
fully rehabilitate and substantially upgrade small sections of the highway, while, due to
financial limitations, cutting down on maintenance activities elsewhere) was rejected. The
second (to provide comprehensive and sustained maintenance whilst progressively
undertaking appropriate upgrading) was selected. The selected alternative gives more
flexibility. It therefore allows adaptive responses to climate change to be developed when
needed and when available. It also provides for more maintenance and emergency response
— thereby both preventing climate impacts and creating the capacity to respond to climate
impacts after they happen. It is more climate resilient.

F. Findings of the CRVA (2) — Output 1 (Highlands Highway from Lae Nadzab
airport to Kagamuga airport at Mt. Hagen, is restored, effectively maintained, and
upgraded as required to be safe, climate- and disaster resilient for all users)



16. Output 1 consists of 17 different types of activity, categorized as either ‘maintenance’
or ‘investment’. For each activity type, the climate risk and vulnerability was assessed using
the steps illustrated in the following diagram.

Identify the Describ_e how Describe _
priority climate the priority SHHIP’s dentify
and climate risks may response to the re5|dua.I climate
change risks evolve under risks and assess risk
climate change the response

17. The detailed findings are presented in Table 4 of the main text. In summary:

o Four of the types of activity to be implemented by SHHIP are to be implemented
purely in response to climate threats. Based on best available knowledge and
understanding, these appear reasonable and adequate;

e Seven of the types of activity to be implemented by SHHIP have been adapted to
increase the resilience to climate change. Based on best available knowledge and
understanding, these appear reasonable and adequate;

e For the other five types of activity, there is no significant climate change risk;

¢ Hence, the measures taken by SHHIP to climate proof are considered adequate and
appropriate;

e Despite the measures taken to climate proof, the uncertainties associated with
climate change mean that the measures cannot guarantee to provide full climate
resilience in all circumstances. There is a residual climate change threat. In
response, SHHIP has built in a flexible and effective adaptive response measure -
through the maintenance systems and emergency response mechanisms; and

e SHHIP could explore the utilization of more ecosystem based approaches to
adaptation, such as bioengineering and catchment management.

G. Findings of the SHHIP CRVA (3) — Output 2 (Road safety increased and
sustained for pedestrians and vehicle passengers on the Highlands Highway)

18. Output 2 does not include the construction of infrastructure that is at risk to climate
hazards or vulnerable to climate change. Output 2 does not include entry points through
which adaptation measures can be introduced.

H. Findings of the SHHIP CRVA (4) - Output 3 (Transport logistics and services
improved in the Highlands region to strengthen value chain for domestic and
international trade)

19. Output 3 does not include the construction of infrastructure that is at risk to climate
hazards or vulnerable to climate change. Output 3 does not include entry points through
which adaptation measures can be introduced.

l. Findings of the SHHIP CRVA (5) - Output 4 (Program management and
institutional capacity improved to deliver the program and sustain its benefits)

20. Output 4 includes measures to ensure that the SHHIP and DoW benefit from best
available technical support and from capacity development related to designing and
implementing the restoration, upgrading and maintenance of the Highlands Highway.
Currently, in DoW, there appears to be little understanding of basic climate change concepts



and no evidence of in-depth knowledge of climate change. Output 4 provides an entry point
to provide that capacity (see Recommendations below).

J. Conclusions

21. Limited data, knowledge, models and understanding mean a classical approach to
designing adaptation measures is _not possible. By classical approach it is meant:
determining current parameters, projecting future climate change, determining impacts on
the project of climate change, and recommending specific adaption approaches and
measures. The limited data, knowledge, models and understanding are major constraints to
doing this. This is compounded by the great variability of rainfall. This and uncertainty
associated with projections for climate change over the coming decades, make it impossible
to precisely project the future climate and how it may affect road infrastructure.

22. Extrapolation from past climate impacts on the road provides an appropriate
complementary approach to identifying adaptation needs. As the road has existed for
several decades, the impacts of previous climate hazards can be easily observed. By
extrapolating from these, and using available climate change projections, it is possible to
project the climate risks facing each section of the highway in the future. This method was
used by the PPTA team and in this CRVA.

23. The climate in the PNG Highlands is challenging; there are significant climate threats.
The two climate parameters that significantly affect road design on the HH are extreme
rainfall of a short duration and prolonged rainfall. There is much evidence of the past impacts
of these two climate parameters at many points along the HH. These challenges are most
likely to be exacerbated by climate change.

24, The Highlands Highway is at risk to climate threats, particularly to extreme rainfall
events, and it is vulnerable to climate change.

25. The overall approach of the SHHIP to climate resilience is sensible and appropriate,
based on best available knowledge. This notably includes the focus on repair and upgrading,
the focus on maintenance and emergency response, and the inclusion of some activities
uniquely to address climate threats. Further, the SHHIP’s multi-tranche, long-term nature
enables the development of climate resilience measures. Notably, innovative measures can
be developed and/or piloted in Tranche 1, and, if successful, support can be mobilized to
their broad replication in later tranches.

26. The approach of SHHIP to individual activities is also sensible and appropriate,
based on best available knowledge. The PPTA design team has assessed climate risks to
the SHHIP by observing the past impacts of climate, using best available data and
knowledge and extrapolating. This is appropriate. In response to the risks identified, SHHIP
has integrated climate resilience into activities as necessary. However, possibly, more
emphasis could have been placed on ecosystem-based adaptation approaches.

27. There will be residual climate risks. Inherent to the SHHIP approach is that there will
be residual climate threats and damage. The proposed maintenance and emergency
response measures in SHHIP will provide some protection and mitigation against these
residual threats. Notwithstanding, some threats will remain.

28. The capacity of the Department of Works to address climate change appears very
limited. Currently, DoW has little capacity to specifically addressing climate change. Until
now, this has not been a priority, it has been more important for DoW to focus on ensuring
best practices.




K. Counting the Climate Finance

29. For the overall ten-year Investment Program, the estimated cost of the SHHIP
measures and activities that qualify as climate change adaptation finance is $226.7 million or
23% of the overall budget. For Tranche 1, the estimated cost of measures and activities that
qualify as climate change adaptation finance is $69.8 million or 20% of Tranche 1’s budget.

L. Recommendations

30. Section 7 of the main report provides detailed recommendations. These are in
response to the conclusions and relate mostly to improving understanding and capacity so
that future tranches and future road transport projects in PNG are better in adapting to
climate change. These are summarized as:

31. Support activities to increase knowledge and understanding. This includes:

o Establish a systematic climate surveillance, including a proper climate database;

¢ Determine credible estimates of the economic costs and benefits of the project with
and without climate change, and with and without adaptation measures;

e Undertake specific studies of the costs and benefits of the improved maintenance
and emergency response measures.

32. Explore and develop innovative approaches to adaptation, including:

o Pilot ecosystem based approaches to adaptation such as (i) bio-engineering to
increase adjacent slope stability and (ii) watershed management in micro-catchments
to better regulate the hydrological cycle;

Pilot early warning systems;
e Explore the insurance of road assets as a climate adaptation measure.

33. Build DoW capacity to address climate change. The capacity can be developed
during Tranche 1 of SHHIP and subsequently applied to the design and support of SHHIP
Tranches 2 and 3. This possibly includes:

Raise awareness across all DoW units;

e Establish a small, specialist climate change capacity in DoW;
Develop collaboration between DoW and other agencies working on climate change;
Develop necessary capacity in DoW to access international climate finance; and
Prepare a set of practical guidelines or a manual for climate proofing.






l. INTRODUCTION
A. Purpose, Scope, Structure, Methodology and Limits to this Assessment

1. The proposed Sustainable Highlands Highway Infrastructure Program (SHHIP) is a
ten-year, multi-partner, multi-tranche financing facility aiming to restore and upgrade the
existing Highlands Highway in Papua New Guinea (PNG). The initial climate screening of
SHHIP using the on-line tool AWARE determined the Program to be at medium risk to
climate and climate change. As a result, ADB procedures require that a climate risk and
vulnerability assessment (CRVA) be undertaken during the design stage. This report
presents the findings of the CRVA.

2. Climate change is a central development challenge across the Pacific. Several
studies indicate that road transport is amongst the sectors that are most vulnerable to
climate change. In response, the ADB has committed to assisting its Pacific development
member countries (DMCs) to climate proof projects and to ensure that the outcomes of
projects are not compromised by climate change. This is relevant in PNG with its challenging
geography and climate.

3. The purpose of this CRVA is to assess the climate and climate change threats to the
SHHIP, to assess the adaptation measures that are proposed in the SHHIP design, to
determine to what extent the performance and design of SHHIP is vulnerable to climate
change, and to recommend measures that will improve the climate resilience of SHHIP.

B. Scope

4, The CRVA covers all aspects of the SHHIP program. The SHHIP focuses on a 430
km stretch of the Highlands Highway (HH). The principal focus of the SHHIP is to ensure
that the road is operational at all times. In addition, the SHHIP includes several smaller
investments linked to road transport, developing economic opportunities and providing
necessary support to capacity development, technical assistance and institutional
strengthening. The CRVA covers all SHHIP components as necessary. The CRVA assumes
a design life for SHHIP of 25-30 years, and hence, typically uses climate projections through
2055.

5. The original Terms of Reference for this CRVA are provided in Annex 1. As can be
seen from Annex 1, the initial plan was for the Climate Change Specialist to prepare a CRVA
for both the overall SHHIP and for Tranche 1 of the SHHIP. This report provides the CRVA
for the overall SHHIP and provides sufficient coverage for Tranche 1. As more data become
available, it will be necessary to prepare assessments for Tranches 2 and 3.

C. Report Structure

6. This introductory section sets out the aims and approach of the CRVA. It also briefly
reviews the approach taken to climate assessments by similar projects in order to learn
lessons. Next, Section 2 introduces the existing HH: its purpose, history and current status.
Subsequently, Section 3 sets out the information available on the climate parameters most
pertinent to the operations of the Highlands Highway. Section 3 also introduces how
projected global climate change would affect these parameters. Section 4 introduces and
describes in some detail the proposed SHHIP to be supported by ADB. Section 4 also
assesses SHHIP’s overall approach to climate resilience.

7. Section 5 provides the essence of the CRVA of the SHHIP. Section 5 looks at each
component of the SHHIP and assesses the associated climate and climate change risks. It
then assesses the steps taken by SHHIP to manage these risks. As the principal element of



SHHIP is an investment in physical infrastructure, the CRVA focus is the risks faced by
these infrastructure components and their performance through projected climate change. In
addition, Section 5 provides an estimate of the costs of SHHIP activities which qualify as
climate finance — in line with ADB commitments to track and report on climate finance.

8. Subsequently, Section 6 provides the conclusions of the CRVA and Section 7
provides recommendations.

D. Methodology to Preparing the CRVA

9. The CRVA was prepared as an integral part of the SHHIP preparation and design
process — the Project Preparatory Technical Assistance (PPTA). The CRVA included efforts
to fully understand the challenges being addressed by the SHHIP, the details of the SHHIP
approach and the limitations on the SHHIP approach. The CRVA is therefore fully adapted to
the SHHIP and constructed around it. Specifically, the approach to preparing this CRVA
involved the following logic steps:

e Understand the problem being addressed by the baseline project (the SHHIP)
including the climate-related challenges;

¢ Understand the SHHIP. This includes understanding the evolving nature of SHHIP as
it evolves to meet challenges and opportunities. This also includes understanding the
SHHIP’s approach to climate risks;

o Determine how climate change may influence the SHHIP; and,

e |dentify gaps, if any, in the SHHIP approach to climate risks and make
recommendations.

10. When determining how climate change may influence a project, a standard approach
is to determine current climate parameters, to determine how they will change through global
climate change, to determine how this should affect project design or how it may impact the
project assets, and then determine how to adapt the project specifications. This CRVA
implements this standard approach to the extent possible. However, incomplete data made
this approach problematic. Hence, a complementary approach was adopted. In this
complementary approach, it is not necessary to have a detailed and highly resolved
understanding of the past climate — it is necessary simply to know how the climate has
previously impacted infrastructure and how the climate will change in coming decades. This
involves the following:

o Observe how climate parameters have impacted the highway’s assets over previous
decades;
Determine how global climate change will affect the climate parameters; and

o Extrapolate into the future to determine how climate parameters will impact the
highway through climate change.

11. The specific activities taken to undertake this CRVA included:

e Interviews with key informants. See Annex 2 for list of persons consulted.
Literature review. This covered: documentation on climate and climate change
related to PNG; geographical documentation related to PNG Highlands and to the
Highlands Highway; previous technical reports and design documents related to the
SHHIP; and documentation on climate assessments for similar projects in similar
geographical zones. See Annex 3 for the list of reference documentation.

e Site visit to assess the status of the highlands highway and observe the impacts of
previous climate events.



¢ Analysis of rainfall data and NASA climate change projections for pertinent sites in
the Highlands (see Annex 6).

e A series of intensive interactions and brainstorming with the SHHIP PPTA Team
Leader and other team members, in order to fully understand the problems to be
addressed by the SHHIP, the approach to be taken, and the proposed approach to
climate resilience.

e Report drafting and review, in consultation with team members, ADB climate
specialists, and ADB road sector specialists.

12. Finally, specific methodologies were developed for two steps in this CRVA: (i)
assessing and prioritizing the climate risks facing components of the SHHIP and (ii) counting
the costs of SHHIP activities that qualify as climate finance. More details of these specific
methodologies are provided in Section 5 and the relevant annexes.

E. Limits to the Assessment

13. Two important constraining factors are the incompleteness of data and the
incomplete nature of climate change models. With regards to the former, this notably
includes detailed data on past climate at sites along and near the HH. It also includes basic
geographical and geological parameters such as land cover, soil types, etc. In essence, the
previous weather is not known in sufficient detail, and thus there is not a full understanding
of how previous weather affected the terrain, waterways and vegetation in the Highlands.

14. With regards to climate change models, these are not sufficiently accurate to provide
precise projections at the level of sub-catchments in the Highlands.

15. Finally, at the time of preparing this report, the detailed data for the design of
Tranche 1 was not available.

16. These constraints have greatly limited the ability to undertake economic analysis of
the impacts of climate change and of adaptation measures.!

F. Lessons Learnt from Similar Climate Risk Assessments

17. The requirement for ADB projects and programs to undertake a CRVA is relatively
new. As of yet there is no formal template nor fixed set of contents for a CRVA, nor is there
an established methodology. Hence, in order to ensure that this CRVA builds on best
practices and knowledge, the following were undertaken: (i) a rapid review of CRVA findings
from a small number of ADB projects in other countries and (ii) a rapid review of the
approach to climate risk assessment for similar projects in PNG.

18. The rapid review of CRVAs from ADB projects in other countries revealed that they
vary in approach, methodology, scope and depth of detail. The reasons for this diversity are
presumably the diverse types of project, the different timing of the CRVA with respect to the
project cycle, and the diverse availability of resources and data.

19. In most cases, the starting point is to develop climate scenarios for the project site.
Then, after establishing any assumptions, a next step is to establish project scenarios: with
and without climate change, and: with and without adaption measures being implemented.
This permits economic assessments and provides the basis for recommendations. These
scenarios and the economic assessments demonstrate the general importance of
undertaking climate change adaptation measures and indicate the type of measures that

1 As a result, one recommendation in Section 7 is to undertake probability based economic assessments of
climate hazards and adaptation measures.



would be useful to adopt. In general, these CRVAs lead to a series of good but general
recommendations. It is worth noting that in many cases, the recommendations are for what
would be considered good practices and may also apply without climate change. This
reconfirms that, in general, what is good for adapting to climate change is good for project
design. These recommendations provide additional rationale for the inclusion of certain good
practices in the Project design. However, due to the significant assumptions made and the
simplifications in models, it is not usually possible to use these studies in order to make
specific recommendations to the project design team. These CRVAs were rarely, if ever,
used by the project engineer or project economist to select or design measures specific for
adapting to climate change.

20. The review of the approach taken to climate risk assessment for similar projects in
PNG determined the following:

o Bridges Replacement Program (BRIRAP), supported by ADB. A full CRVA was
undertaken during the preparatory stage but was not finalized until several years later
for contractual reasons. Following the elaboration of climate scenarios and the
projected impacts on discharges in the watershed, the draft CRVA report identified
that the bridges face many climate change related threats. It ranked the bridges in
terms of the level of risk faced. It notably found that bridges on the New Britain
highway are the most vulnerable to climate. It made a series of recommendations
related to the design and construction of bridges. These recommendations were
appropriate and pertinent, yet, they were general in nature and were not sufficiently
specific to be used directly by design teams. In most cases, these recommendations
were for best practices that may make sense with or without climate change. It is not
clear to what extent the preparatory and design teams were able to make best use of
these findings and recommendations. At a later date, updated IIE were prepared for
each component of BRIRAP. The updated IEE reported that all climate
considerations had been considered in the final designs and that there was no need
for additional funds to accommodate for climate change adaptations. During
implementation, the lack of data on rainfall and land coverage present an important
challenge to forecasting maximum water discharges when designing bridges.?

e Transport Sector Support Program (TSSP) supported by the Government of Australia
(DFAT). TSSP started operations in 2007 and Phase 1 is now complete. Phase 2 is
now starting up. TSSP has provided significant support to small scale repair and
maintenance on highways and roads in PNG. The TSSP project team reported that
addressing climate threats is an integral part of all work in the transport sector in
PNG, including in TSSP, and accordingly the work supported by TSSP certainly
contributes to climate resilience. However, for Phase 1, given incomplete data on
climate and climate change, it had not been possible to separate out climate and
climate change risks in the design work.

¢ The Road Maintenance and Rehabilitation Project (RRMP) supported by the World
Bank. RRMP has been supported through several stages. It includes a TA titled
‘Building a More Disaster and Climate Resilient Transport Sector Project’. Overall,
the design and implementation of RRMP recognize that addressing climate threats is
an integral part of all work in the transport sector in PNG. Until now, there have been
no dedicated assessments of climate change and no determination of the specific
implications on project design. However, the TA used probabilistic methods to model
the costs of climate hazards on transport assets in PNG and prepared a draft manual
for addressing climate risks in road transport projects.

21. In summary, the CRVAs and the climate risk assessments of transport projects in
PNG have: (i) established that the current climate risks are critical and must be addressed in

2 Personal communication from the Design and Supervision Consultants



project design and performance; (ii) demonstrated, or assumed, that climate change will
exacerbate the risks; and in most cases (iii) provided general understanding of the additional
needs related to climate change and provided general recommendations. In most cases, the
recommendations are best practices that would make sense with or without climate change.
There are very few, if any, examples of specific studies of climate change leading to specific
recommendations pertaining to the design or operations. This may ultimately be due to
challenges in obtaining climate and other data and to the limited precision of climate change
projections.

22. Finally, as reported by several road design consultants with experience in the
Highlands of PNG, current approaches to designing rural roads in the PNG Highlands
cannot be fully reliant on rainfall data or hydrological models. Trial and error plays an
important role in drainage design. Further, experts often use anecdotal evidence provided by
elderly community members to determine peak river discharges.

Il. THE HIGHLANDS HIGHWAY
A. Location and General Overview of the Highway

23. The Highlands of Papua New Guinea (PNG) is a chain of mountains and high valleys
stretching in a generally west to east direction from the border with Indonesia in the center of
the island to the eastern coast. The valleys are typically 1,500 m above sea level and are
surrounded by peaks up to 4,000 m. The Highlands have been inhabited for many
thousands of years and are known to be one of the first places to develop agriculture. The
mountain valleys of the Highlands have been relatively densely populated for a long time
and remain so to this day; estimates suggest that some 40% of the PNG population lives in
the Highlands.

24, The Highlands have many defining geographical characteristics some of which are
particularly pertinent to this study. First is the prevalence of sharp relief. There is very little
flat land in the highlands and a large proportion of the land is steep to very steep. Second is
the highly fragmented nature of the watersheds. Much of the Highlands are made up of small
and micro-catchments (see Photo 1 in the Appendix). Third, there are large areas with loose
soil and large areas with clay-based soil and large areas where the water table is very high.
This latter has resulted in many damp or swampy areas. These geographical characteristics
contributed to historical impenetrability of the Highlands; until the middle of the 20th century
the Highlands were almost entirely isolated from the rest of the country and the world.

25. The HH stretches from Lae in Morobe Province on the eastern coast for over 600 km
to Mendi in Southern Highlands Province (see map in Figure 1). The HH passes through the
following provinces: Eastern Highlands, Shimbu, Jiwaka and Western Highlands. It is a two-
lane highway. Although construction started in the 1950s, it was only in the late 1970s that
construction commenced on a modern, sealed highway. Till this day, it is the only terrestrial
means of communication between the large Highlands population and the rest of PNG and
the world. Hence, it provides a lifeline for the economy, as well as for all social, educational
and other services.
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Figure 1: Map showing Highlands Highway with respect to capital at Port Moresby

26. The HH leaves Lae city and for approximately 160 km it crosses the lower reaches of
the Markham valley traveling in a generally west-northwest direction and rising very slowly in
altitude. In this area the Markham valley is broad, close to sea level and contains significant
alluvial deposits, which are constantly being replenished and shifting continuously. The
result is an undulating, dynamic plain. The river is very broad and braided. The main branch
and smaller braids are subject to regular shifting and to localized flooding. The HH is not
straight and from time to time it touches the northern edge of the valley where it crosses
highly seasonal streams coming down from the hills to the North.

27. The HH leaves the Markham valley at Madang junction (450 m asl), turning
southwards and rising quickly to approximately 1,400 m asl over a 15 km stretch. The HH
then enters the Highlands at Kassam Summit. The remaining 425km of HH lie at
approximately 1,500m. It travels in a general west northwest direction to Mount Hagen
before turning south towards Mendi. The HH is typically narrow, winding, with many hairpin
bends and steep gradients. The population is evenly spread along the highway, although
there are some larger settlements such as Goroka and Mount Hagen.

28. For the most part, the HH is surrounded by small-scale agriculture and associated
dwellings. There are also some small coffee plantations. As a result, the land to either side
of the Highway is mostly covered with vegetation, and this is often quite thick, even when the
relief is steep. However, at some points, agricultural practices have left much land
uncovered and exposed to erosion. Finally, there are some stretches of grassland, some of
which is almost barren, and some of these stretches are adjacent to the HH. See photos 1 —
5 in the Appendix.

29. The HH is a major element in PNG’s national road network. The PNG national road
network consists of approximately 28,000 km of road, of which 8,738 km are national roads,
of which only 40% is sealed and approximately 30% is in the Highlands. The HH is one of
only a very small number of roads that links and crosses provinces in PNG. Currently, the
HH is the only road in the Highlands that crosses a provincial boundary.



B. Condition of the Highlands Highway and Past Climate Resilience

30. This section describes the HH over the 430 km stretch between the turn offs for Lae
Airport (at Nadzab, 40 km outside Lae) and Mount Hagen airport (at Kagamuga, 20 km
before Mount Hagen). This section describes to what extent the original HH design and
construction have resisted climate risks and it informs how climatic parameters have affected
road design and performance in the past. This understanding will be used as an input into
the climate and climate change risk assessment in later sections.

31. For the purpose of this analysis, this 430 km stretch is divided into five zones based
primarily on the current condition of the HH. It is noted that the current condition of the HH is
mostly determined by geographical and soil characteristics, hence, the zones reflect the
changing geography.
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Figure 2: Map showing the five zones along the Highway, between Nadzab airport and Kagamuga
turn-off

32. The analysis in this section was based on the following:

e Detailed reports provided by the PPTA Team Leader;
Visual observations by the Climate Change Specialist;

o A rapid review of previous assessments of the HH and of the geographical conditions
in the Highlands region undertaken in recent years. In particular a thorough survey
was undertaken in 2002.3

33. The photos in the Appendix, notably photos 6-16, provide illustration of the issues
raised.

34. Zone 1 is from Nadzab airport to Umi Bridge, a total of 101 km. The HH includes 12
bridges, all two-lane. The road is mostly flat, undulating between 150 m and 450 m above
sea level. It runs close to and crosses the Markham river and/or tributaries at several points.
Several tributaries pass through large culverts under the HH. The sedimentation loads in the
rivers are high, and so the rivers are braided and are prone to shifting course. At several

3 See SMEC, 2002. Highlands Highway Rehabilitation Project (53672).



points, the HH passes over land that appears swampy, and several areas appear at risk
from flooding. There is almost no danger of landslides in Zone 1. There are reports that
recent upstream shifts in stream courses have led to sub-branches finding a best path along
the road pavement for several km.

35. The road pavement in Zone 1 is generally in fair condition. There are many small
potholes distributed irregularly. The shoulder edges are damaged at many points. There are
some severe depressions in the pavement. The bridges appear largely in good condition,
although in some cases the abutments may be undermined by siltation shifts in the river
bed.* Side drains are present in many places although are not complete. There are signs of
damaged or missing cross-drains (culverts). However, the entire road is passable, and the
sub-base, base and surface layers are almost entirely intact.

36. Without undertaking a thorough analysis at each site, it would appear that localized
flooding has contributed to the depressions and in some cases it has weakened the
pavement edges and facilitated formation of potholes. It appears likely that a high water
table at many points has contributed to pothole formation and to weakening the road edge.
At times of high water discharge in the main rivers, these high discharges may have
contributed to weakening bridge abutments, and potentially other minor damage to bridges.
Peak water discharges in cross streams has likely caused damages to some side drains and
culverts.

37. Zone 2 is from Umi Bridge to Magiro Bridge at the border between Eastern
Highlands and Chimbu Provinces, a total of 208 km. It includes 21 two-lane bridges and 19
single-lane bridges. In addition, the road crosses many small streams running under the
road through culverts. The crossing streams are narrow with fast running water and highly
variable discharges.

38. Umi Bridge lies 450 m asl. The road climbs, slowly at first, and then rapidly to over
1,500m asl at the Kassam summit - approximately 33 km from Umi Bridge. In general, the
land lying next to the road has a low-medium incline towards the road, although some
stretches of the road in this Zone lie next to very steep inclines with a high danger of rock or
land-slides. Recently a severe landslide occurred recently close to Kassam Summit creating
a very dangerous and unstable situation. The water table appears high and close to the
surface at many points. Side drains are largely absent or ineffective.

39. The road pavement is generally in fair-poor condition. There are many irregular
potholes. In some cases these have connected up. In some cases these are compounded
by subsidence. There is evidence of recent land-slides at many points; these block the road
and may cause damage to the pavement, but do not threaten to remove parts of the HH.
There are several examples of regressive erosion,® where large sections of the pavement
are in danger of caving away, or have caved away already. There are several examples of
deformation, sometimes severe, sometimes over several tens of meters. There are several
areas where the pavement is affected by subsidence. At several points, these factors have
combined and the entire pavement surface layer is missing for tens or even hundreds of
meters. Although a more detailed study is necessary, it appears possible that some of the
bridges may have been slightly weakened or damaged due to peak water discharges, to
shifting sedimentation or to land-slides. However, the entire road is passable, the sub-base
and base layers are almost entirely intact, and the vast majority of the surface layer remains
intact.

4 A more thorough investigation of each bridge is necessary.

5 Typically where the land under the road, on one side, has been scoured by the action of water. This is either
water that has crossed under the road in a culvert and then regressed into the road base, or water in fast
streams that run parallel to the road and which, at peak discharges, have cut into the road base.



40. Most damage to the pavement originates from rainwater falling on the surrounding
catchments through the following mechanisms:

e This raises the water table so that it reaches the pavement foundation layers or even
the surface. This weakens the foundations and contributes to subsidence,
deformation and pothole formation;

¢ During the short-term, intensive rain events, ineffective or absent side drains mean
high energy rainwater flows down the road crown and/or the road edge. This
weakens the foundations and exacerbates any existing failures.

e During short-term, intensive rain events, rainwater overflows the cross-culverts and
crosses the road surface. In addition to damaging the surface, this can erode road
foundations near the culvert outlet.

e Accumulated rain, from both short-term, intensive events and prolonged rain spells,
saturates the soil and contributes to rock and land instability.

41. It is noted that the land cover and agricultural practices affect the hydrological cycle
in land near the road and this may affect the road condition (see Box 1).

Relationship between land cover and damage to road assets

Visual evidence from the site suggests that, as in other parts of the world, the land cover may
interact with rainfall to affect the road. This can be through several mechanisms, although the extent
and relative contribution is unknown. These include:

¢ Reduced vegetation cover can reduce the stability of soil and so facilitate land and rock-
slides;

¢ Dominance of vegetation species that do not promote slope stability on slopes adjacent to
the road. This can reduce the stability of soil and so facilitate land and rock-slides;

e Reduced or inappropriate vegetation cover on slopes adjacent to the road affects the
hydrological cycle — possibly leading to a rising water table and to increases in peak
discharges;

e Reduced or inappropriate vegetation cover on slopes in the catchment in areas more
distant from the road. This can affect the hydrological cycle and lead to increases in the
peak discharge in the larger streams crossing the road.

Box 1: Relationship between land cover and the road condition

42. Zone 3 covers all the HH in Chimbu Province, from Magiro bridge to Miunde bridge,
a total of 57 km. It includes 4 two-lane and 2 single-lane bridges, and many large culverts.
The crossing streams are narrow with fast running water and highly variable discharges.

43. Although much of the land adjacent to the road has a low-medium incline towards the
road, there are many stretches with steep to very steep inclines to the road. These stretches
face a risk of rock or land-slides. This risk is compounded by the nature of the soil in Chimbu
which is known to facilitate instability. The water table appears high and water can be
observed exfiltrating from the soil at many points. Side drains are largely absent or
ineffective.

44, The road pavement is generally in poor condition. Large stretches of the road have
no surface and at many points the base layer is also damaged. All parts of the road have a
large number of irregular potholes, some compounded by subsidence. There is evidence of
many recent land-slides. There are many examples of regressive erosion causing damage to
the pavement. There are many examples of deformation and several deep holes in the
pavement. Although a more detailed study is necessary, it appears possible that some of the
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bridges may have been slightly weakened or damaged due to peak water discharges.
Although the entire road is passable there are considerable delays, there is a significant risk
of chronic damage to vehicles, and comfort is badly affected. The sub-base layer is almost
entirely intact, and the vast majority of the base layer remains intact.

45, As with other zones, most damage to the pavement originates entirely from rain
falling in the surrounding catchments. During intensive rain events, side drains have been
ineffective or absent, meaning the rainwater flows down the road crown and edge. This
exacerbates existing failures and weakens the foundations. Also, during intensive rain
events, cross-drains have been inadequate. The rainwater has notably eroded the road
foundations near the culvert outlet. The high water table weakens foundations and
contributes to flooding, contributing to subsidence, deformation and surface damage. Finally,
inappropriate and/or inadequate land cover both adjacent to the road and in higher
catchments may facilitate land-slides and increases in peak discharges in small and larger
streams.

46. Zone 4 starts at Miunde Bridge at the border between Chimbu and Jiwaka Provinces
and travels to Ambeke Bridge, a total of 20 km. It includes 5 single-lane bridges. In addition,
the road crosses some small streams running through culverts, and the streams are fast
running and narrow, with variable discharges. In general, the land adjacent to the road has a
low-medium incline to the road, although some stretches in this Zone lie next to very steep
inclines with a high danger of rock or land-slides. The water table appears high and close to
the surface at many points. Side drains are largely absent or ineffective.

47. The road pavement is generally in fair-poor condition. There are many irregular
potholes, some connected up, and some compounded by subsidence. There is one site with
regressive erosion where a section of the pavement has caved away. There is at least one
deformation caused by subsidence. In some places these factors have combined and the
pavement surface layer is missing. Although a more detailed study is necessary, it appears
possible that some of the bridges may have been slightly weakened or damaged due to
peak water discharges and/or shifting sedimentation. However, the entire road is passable,
the sub-base and base layers are almost entirely intact, and the vast majority of the surface
layer remains intact. As with the previously described zones, most damage to the pavement
originates entirely from rainwater in the catchment slopes. This is mostly through the high
water table and inadequate drainage. There appears to be less danger of land-slides than
Zone 3.

48. Zone 5 is from Ambeke Bridge to the Kagamuga airport turn-off, a total of 42 km,
mostly in Jiwaka province and only the final 3km lying in Western Highlands Province. It
includes 4 two-lane bridges and 3 single-lane bridges. It also crosses some small streams
running through culverts. In general, the land directly next to the road is low-medium inclined
to the road and there appears little danger of rock or land-slides. Side drains are absent or
ineffective at some points. The water table appears close to the surface at some points.

49. The road pavement in Zone 5 is generally in fair condition. There are irregular
potholes and significant damage to road edges over small stretches. There is some
evidence of deformation or subsidence. In some places these factors have combined and
the pavement surface layer is missing — the road is notably not sealed for a 1km stretch.
Although a more detailed study is necessary, it appears possible that some of the bridges
may have been slightly weakened or damaged. However, the entire road is passable, the
sub-base and base layers are almost entirely intact, and the vast majority of the surface
layer remains intact. As with the previously described zones, most damage to the pavement
originates entirely from rainwater in surrounding catchments. This is mostly through the high
water table and inadequate drainage. There is little danger of land-slides.



11

50. Annex 4 provides details on the location, type and scope of damage and failures
along all five zones.

51. In summary, the road is passable at all points, which, given the challenging climate
and terrain, is a testament to the quality of the original design and construction over 30 years
ago. However, the pavement is damaged at many points. There is damage to the edges, the
surface, the base layers, the culverts and the side drains. There may also be damage to the
bridges —more studies are needed to determine and quantify this. Worryingly, there is
evidence that the pace of deterioration is increasing®. This may lead to more frequent
blockages or to passability being severely reduced in the near future. Table 1 summarizes
the mechanisms by which the main climate hazards contribute to the deterioration of road

assets and of highway performance.

Climate Hazard Mechanism of deterioration Main impacts on road asset Concerned
or performance Zone
Extreme or intensive Although these only last a short This can damage side and In the
rain events over small time, these lead to peak water cross-drains following
catchments discharges in the small order: 3, 2, 4,
catchments and peak levels in 5
the streams across the
catchment This may directly damage the In the
pavement following
order: 3, 2, 4,
5
This undermine the slopes In the
above and beneath the road following
order: 3, 2, 4,
5
The high waters in In the
streams/rivers parallel to road following
may erode or scour beneath the | order: 3, 2, 4,
road 5
Prolonged periods of The accumulation leads to This may lead to slope failure in | Mostly 3
rainfall over small increases in the moisture level in | slopes next to pavement. This,
catchments the soil, and to a rising of the in turn, may lead to: (i)
water table. This can be pavement damage, and (ii) road
exacerbated by intensive short- blocks
term events High water table under or next In the
to road facilitates pavement following
failure order: 3, 2, 4,
Prolonged periods of This leads to peak water This may lead to bridge Mostly 2
rainfall accompanied by | discharges and peak water damage in particular to (which has
intensive rain events levels over the catchment and in | abutments (the damage may many bridges)
over medium sized the larger streams and rivers. take many forms)
catchments
Prolonged periods of This leads to peak water This may lead to damage to 1
rainfall accompanied by | discharges and peak water bridges
intensive rain events levels in the Markham River in
over the entire Morobe Province
catchments
This may lead to regular 1
flooding of road, leading to: (i)
sections of the road cut off for
lengthy periods, and (ii) diverse
forms of damage to pavement

Table 1: Summarizing how climate hazards have damaged road assets along the existing Highway

52. Generally, the damage to the pavement and other road features is initiated either by

rainwater flows (most cases) or land-slides. If this damage is not repaired, the traffic passing
over it exacerbates the damage and subsequent water flows and landslides also exacerbate

6 As explained in many road engineering manuals, pavement deterioration follows an exponential law.
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the damage. For example, when a pothole is not repaired, water enters into it and widens it,
and it enters the underlying pavement layers, weakening them. Regular traffic causes further
damage, accelerating the downward cycle. A second example is when a peak discharge
overflows a culvert and crosses the pavement, initiating damage to the culvert and to the
surface. Initially, the damaged culvert leads to more water flowing over the surface and more
surface damage. It was observed that in many such cases, the culvert has been repaired but
not the road surface. The road surface in some cases has become severely damaged by the
traffic, even though the culvert (the principal cause of the initial problem) is now performing
well.

53. These examples illustrate the importance of effective maintenance to quickly repair
damage. Generally, it is held that maintenance along the Highlands Highway was effective in
the 1990s and early 2000s, but has since become much less effective. Notably, good
maintenance means that the drains continue to function and rainwater is kept away from the
pavement and is channeled away from culvert outlets — reducing erosion. Effective
maintenance also means that small failures (to edges and to potholes) are repaired before
significant amounts of water enter and damage the base and sub-base layers, and so before
the surface failures expand and link-up. Finally, maintenance of bridges means they retain
the capacity to handle peak discharges and avoid damage.

M. CLIMATE, CLIMATE RISKS AND CLIMATE CHANGE PERTINENT TO THE
HIGHLANDS HIGHWAY

A. Overview of PNG’s Climate

54, PNG is a tropical country lying roughly between latitudes 2° S and 12° S. The main
climate drivers are the El Nifio Southern Oscillation (ENSO) and, to a lesser extent, the
position of the South Pacific Convergence Zone. ENSO is considered to have a weaker
influence on the northern part of the country. There is little variation over the year in terms of
maximum and minimum temperatures. The temperature in Port Moresby rarely rises above
32°c. The wet season is from November to April and the dry season from May to October,
although, the seasonality of rainfall is considered rather weak except for the region around
Port Moresby.’

55. Rainfall across PNG exhibits high spatial and temporal variability. For example,
annual average rainfall in the capital Port Moresby is 1190mm, whereas at Kavieng (on New
Ireland Island) it is 3150 mm.® Year-to-year variability is mostly driven by the El Nifio
Southern Oscillation which has two extreme phases (El Nifio and La Nifia) and a neutral
phase. Generally, El Nifio years are drier, and the La Nifia are wetter and lead to more
flooding and landslides. El Nifio is also associated with a late start to the monsoon. Finally,
only southern PNG is affected by tropical cyclones and these are not considered to
significantly affect rainfall in the Highlands.

B. The Climate along the Highlands Highway

56. Annex 5 assesses the level of risk to road assets on the HH from various climate
hazards. It determines that the main climate parameter affecting the design and performance
of the HH is rainfall and, in particular, intensive rainfall of short duration. This was also
evidenced in Section 2 above. Accordingly, this section focuses mostly on this parameter.

7 GoPNG, 2014. Papua New Guinea Second National Communication to the United Nations Framework
Convention on Climate Change

8 Source: Australian Bureau of Meteorology (BoM) and Commonwealth Scientific and Industrial Research
Organisation (CSIRO), 2015 (under PACSAP). Climate Variability, Extremes and Change in the Western
Tropical Pacific: New Science and Updated Country Reports, 2014. Period covered is 1945 — 2011.
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57. Generally speaking, the HH passes through two climatic regions: the Highlands and
the Markham Valley. The Highlands lie in a region classified as warm and wet with no
marked dry season; the Markham Valley lies in a region classified as hot with a marked dry
season. The main threats posed to the Highway in the Markham valley from rainfall
originates from intensive rainfall in the surrounding catchments — not from the rain in the
valley itself.

Rainfall

58. The data available on rainfall in the Highlands is dispersed and incomplete. Data
from various sources was collected in order to construct the most accurate and most
complete picture of rainfall, however, this remains far from complete. Fifty years of annual
rainfall was obtained for one site. With regards to daily rainfall, a total of 11 years data
spread over 7 points in the Highlands was obtained. Annex 6 assesses additional data
available.

59. The main findings for the Highlands are (see location of sites mentioned in the map
in Figure 3):

e Annual rainfall in the Highlands is highly variable temporarily. For example, at Mendi,
during a 52-year period from 1951, the annual rainfall ranged from 1,570 mm to
4,015 mm.

e There is some evidence that annual rainfall in the highlands is also variable spatially
— i.e. different sites along the highway have different average annual rainfalls and
different maximum annual rainfalls. For example, annual rainfall, at four highlands
cities®, over the three year period 1998 — 2000, ranged from 1,282 mm (at Kainantu)
to 3,026 mm (Mt. Hagen).The region is subject to intensive rainfall events. Although
the data is very limited, the highest recorded rainfall within a 24-hour period was 110
mm (recorded at the 20 km marker along the Mendi-Kandep highway).

o The intensive rainfall events appear to cover a small geographical area. That is, an
intensive rainfall event may strongly impact one catchment but not touch a
neighboring catchment. For example, on the day that 110 mm of rain was recorded at
the 20 km marker along the Mendi-Kandep highway, the rainfall at Mendi and
Kandep, both considerably less than 40 km distant!®, was only 5.7 and 5.5 mm,
respectively.

e There is some evidence of spatial variability in the maximum intensity of short-term
rainfall — i.e. the maximum rainfall in a given time (2 or 24 hours) with a given return
period (say 2 years) at one site may be quite different from that at a nearby site. For
example, for Goroka, the highest recorded daily rainfall over the five years for which
data is available is 65.6 mm; however, at the 20 km marker along the Mendi-Kandep
highway, more than 80 mm was recorded six times during a six-month period in
2013.

e There is no data available for rainfall in time lapses shorter than 24 hours.

There is insufficient data to understand any trends in annual rainfall in the Highlands.
However, the limited data from Mendi is consistent with general findings for the
Pacific that annual rainfall may be increasing slightly and that inter-annual variability
may be increasing slightly.

9 Mendi, Mount Hagen, Goroka and Kainantu.
10 When considered in a straight line, see map.
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Figure 3: Map showing sites with rainfall data

60. When constructing roads in areas subject to flooding and other rain-related damages,
a key design parameter is the maximum rainfall during an intensive event within a given
return period. Notably, in ideal circumstances, this parameter, along with other geographical
data on the catchment, is used to determine the size, type and location of all drains.

61. However, the findings above suggest that there is insufficient data to accurately
determine this parameter for all sites along the HH. The implication is that, if possible,
when designing the drains for the HH, a complementary method must be used to
determine appropriate drain sizes. This will be discussed later in this document.

Temperature

62. Temperatures differ between the lower Markham valley and the Highlands. SMEC
(2002) reported that temperature data for the highlands is not available from the National
Weather Service. SMEC (2002) using various sources reported a mean annual maximum
temperature of 23.7°c and mean annual minimum temperature of 13.0°c (both for Mount
Hagen area). It reported that similar temperatures can be expected along the length of the
highway within the highlands. However, it reported that temperatures in the lowlands are
consistently hotter, falling between 25° and 35°c and rarely falling below 20°c.

63. There is no evidence for sustained hot periods which could cause damage to
construction materials used in road pavements.

C. Climate Change in the PNG Highlands
64. This study takes the existing best available climate change projections for PNG and
uses these to determine how rainfall in the Highlands (and other parameters) may evolve in

coming decades.

PACCSAP Findings

65. The most comprehensive and recent studies available on climate change in the
Pacific were completed with the support of the Australian Government under the Pacific-
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Australia Climate Change Science and Adaptation Planning (PACCSAP) Program in 2014.1%
This work was undertaken through partnerships between BoM, CSIRO and Meteorological
Departments in the Pacific island countries. The summary findings for Papua New Guinea
are presented below. It is important to note that the models and knowledge are not
sufficiently resolved to focus on the PNG Highlands. The information and understanding, to
the extent that it does exist, exists at the level of PNG as a whole.

e El Nifio and La Nifia. These events are projected to continue, but there is little
consensus as to whether these will be more or less frequent, or whether they will be
more or less intensive;

e Temperature. Annual mean temperatures are projected to continue to rise across
PNG. Relative to 1995, they are projected to rise by 1.1°C by 2030, and, by 2090, a
further rise of 0.4 — 4.2°C is projected, depending on scenarios and models used,;

o Extreme temperatures are also projected to continue to rise, by approximately the
same amount as the annual mean temperatures. Further, the frequency of extremely
hot days is projected to increase;

e Annual rainfall. The long term average rainfall is projected to increase in most areas
of PNG. By 2050, annual rainfall is projected to increase by 6% to 8 % depending on
the scenario (the entire range of possible increases, using all models, is from -3 to
+14%). In addition, rainfall is projected to be more concentrated into the rainy
seasons. Based on this, to avoid risk, it may be appropriate to assume that the
average annual rainfall will increase by at most 14% by 2050. This figure will be
used where pertinent through the remainder of this report;

o Extreme rainfall. The maximum intensity of rainfall is also projected to increase,
although this projection is subject to a lower level of confidence than for annual
average rainfall. The PACCSAP report states that, by 2030, the current 1-in-20 year
daily rainfall amount is projected to increase by 12-14 mm; and by 2090, it is
projected to increase by 21-55 mm. By 2090, the current 1-in-20 year daily rainfall
event will become, on average, a 1-in-7 year or even a 1-in-4 year event.

Projecting Changes in Extreme Rainfall

66. PACCSAP projects an increase of 12-14 mm by 2030 or 21-55 mm by 2090 in the
daily rainfall amount with a 20-year return period. However, given the likely spatial variability
in maximum daily rainfall amounts, it is not clear how this figure can be converted into a
percentage increase of use in SHHIP design:

o Five years of daily rainfall data is available for Goroka airport. During that period, the
highest recorded daily rainfall was 65.5 mm. If we were to assume that this is
equivalent to the daily rainfall amount with a 20 year return period, in percentage
terms the increases projected by PACCSAP would be 18-21% by 2030 and 32-84%
by 2090.

e Collectively, 11 years of data was available for daily rainfall spread over 7 separate
points in the Highlands. The highest daily recorded figure was 110 mm. If we were to
assume that this is equivalent to the daily rainfall amount with a 20-year return
period, in percentage terms the increases projected by PACCSAP would be 11-13%
by 2030, and 19-50 % by 2090.

e Based on the above assumptions, and using the PACCSAP projections, maximum
daily rainfall with a 20-year return period may increase by 11-21 % by 2030 and 19—
84% by 2090. Based on these figures, it seems reasonable to project that by 2055
maximum daily rainfall with a 20-year return period could increase by 20-25%.

11 See Australian Bureau of Meteorology (BoM) and Commonwealth Scientific and Industrial Research
Organisation (CSIRO), 2015 (under PACSAP). Climate Variability, Extremes and Change in the Western
Tropical Pacific: New Science and Updated Country Reports, 2014
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67. Additional analysis of the projected increases in intensive rainfall was supported by
ADB and undertaken during 2013 (unpublished). This was partly based on work done under
PACCSAP. This attempted to project the percentage increases in daily rainfall for the 1-in-2
year event on PNG.? By 2055, the 1-in-2 year daily rainfall event was projected to increase
by 11.5-20%.

68. Further, for rainfall intensity, assessments based on the slope of the saturation-
vapour pressure curve provide a “rule of thumb” projection that rainfall intensity should
increase by 6% - 7% per degree (Celsius) of warming. Thus, a 2.0°C rise by 2050 suggests
increases in intensity for an event of any given likelihood of around 12% to 14%.% Finally, in
Annex 6, projections to 2050, based on climate model results available from NASA, provide
a range of estimates for increases in maximum daily rainfall, centred on approximately 15%.

69. Several different approaches to estimating the increase in maximum rain intensity
were presented in the previous paragraphs. Each approach draws on several assumptions
and none claim full accuracy. There is, however, a level of agreement across the results:
they all project a positive increase in the daily rainfall with a given return period, and they are
mostly in the range of 11.5-25% increase by 2055. Hence, in order to be conservative, for
this CRVA, where relevant, a projected increase in the maximum daily rainfall (with any
given return period) by 2055 of 30% will be used.

Summary of assumptions to be used in the report

70. Tropical cyclones. Until present, the Highlands region is not affected by tropical
cyclones. Climate change models do not project a change in this situation.

71. Temperature Extreme temperature increases of up to 4°C, as projected by
PACCSAP, will not lead to temperatures that affect the road construction or road surface.

72. Rainfall As mentioned previously, the two climate parameters of concern to this study
are the maximum intensity of short-term rainfalls and the average annual rainfall. Hence, the
two pertinent assumptions used through this report are:

e average annual rainfall will increase by, at most, 14% by 2050; and
o the maximum daily rainfall for any given return period may increase by 30% by
2055.

V. THE PROPOSED INVESTMENT: THE SUSTAINABLE HIGHLANDS HIGHWAY
INVESTMENT PROGRAM (SHHIP)

A. Introduction and Goals of the SHHIP

73. The Sustainable Highlands Highway Investment Program is a multi-partner financing
facility (MFF) to be implemented in three tranches over a ten-year period. SHHIP’s expected
impact is aligned with national strategies to improve access to health, education and
standard of living of the people of PNG, increase opportunities for equality and prosperity in
rural areas and provide well integrated, safe, affordable, financially and environmentally
sustainable transport systems.* SHHIP’s expected outcome is the efficient and safe

12 ADB, 2013 (unapproved draft, not for circulation). Papua New Guinea Bridges Replacement Program: Climate
Change Vulnerability Assessment. This is based on work undertaken by Sinclair Knight Merz and CSIRO.

13 see, for example, “The Changing Character of Precipitation”, Kevin E. Trenberth et al (2003) article in the

Journal of the American Meteorological Society.IPCC Report.

14 As set out in the Development Strategic Plan (2010), the National Strategy for Responsible Sustainable
Development for Papua New Guinea (2014) and the National Transport Strategy (2014).



17

movement of people, goods and services between the Highlands region and domestic and
international markets.

74. SHHIP, as currently envisaged, has four Outputs, i.e.:

i) Highlands Highway from Lae Nadzab airport to Kagamuga airport at Mt. Hagen, is
restored, effectively maintained, and upgraded as required to be safe, climate and
disaster resilient for all users. This covers the 430 km over the five zones;

i) Road safety increased and sustained for pedestrians and vehicle passengers on the
Highlands Highway;

iii) Transport logistics and services improved in the Highlands region to strengthen value
chain for domestic and international trade; and

iv) Program management and institutional capacity improved to deliver the program and
sustain its benefits.

75. The first Output is the main investment and is the main focus of subsequent sections.
B. Options for Achieving the Goals
76. Two options were considered to deliver the Outputs and achieve the Goals:

77. Option 1: Fully rehabilitate and substantially upgrade selected sections of the
highway. This would involve complete reconstruction of sections of the highway. The
sections to be reconstructed would presumably be those most requiring upgrading or those
with the highest economic or political value. The high costs of fully rehabilitating these
sections would reduce the budget available for maintenance activities on other sections —
maintenance would be limited to emergency interventions to restore traffic after major
distress or road collapse.

78. Option 2: Two sets of activities run in parallel from the outset: (a) rapidly act to
ensure that the entire HH is smooth and passable by undertaking the necessary immediate'®
repairs, notably to small potholes and damaged edges, and by leveling stretches that
currently are without a surface layer; (b) systematically repair/upgrade all sections of the
Highway as necessary, bringing them to an acceptable condition and specification. In
general, this would typically mean either resurfacing, or using the existing base layer as a
sub-base, and so adding a new base layer and then resurfacing. This systematic
repair/upgrade would occur over the ten-year period.

79. With Option 2, some sections may have to wait several years before being fully
repaired/upgraded, and during that period they may require immediate repair several times,
i.e. actions under “(a)” can occur more than once at a site. However, as the upgrading/repair
process gradually proceeds along the entire highway through “(b)”, there will be less and
less need for “(a)”. Once “(b)” has been applied to the entire HH, there will be no need for
“(@)”. At this point, it will simply be necessary to continue routine and periodic maintenance
across the entire highway.

80. Option 1 is expensive and leaves a high risk of road closures and worsening driving
conditions on the sections not benefitting from the upgrading works. Also, the approach
leaves little budget for maintenance and repairs, this would lead to reduced flexibility, which
is likely to lead to less ability to respond to climate risks and so, overall, to less climate
resilience.

15 j.e. Quickly making the road usable, but unlikely to provide a long-term solution.
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81. Option 2 was selected. It ensures the entire road is passable at all times, meaning
the communities are always connected. And it ultimately leads to an entire road that meets
required specifications.

82. Option 2 notably includes the following core activities:

e Comprehensive and sustained maintenance: The entire section will be put under
specific (repairs) routine and periodic (resurfacing) maintenance (see Table 4 for
description of these terms) from day one to keep the road open to traffic at all time.
This will gradually improve the ride comfort and allow salvage of sections in fair
condition. Maintenance will remove the vegetation encroachment, restore drainage
efficacy, and unearth currently suppressed paved shoulders. Also, a quick-response
mechanism to address emergency situations will be established.

e Undertaking appropriate upgrading: Over the Investment Program period, the entire
section will progressively be resurfaced or strengthened®. At the same time, the
drainage capacity will be increased and protections against slope instability will be
multiplied, in line with recommendations for adaptation to climate change. A series of
other measures will be taken to improve traffic safety; build a bypass to divert traffic
around Goroka;!’ build truck climbing lanes in the steep slopes of the Kassam and
Daulo Passes; build two truck weigh stations; and build two logistics platform for the
trade of fresh produce.

o Bridges Improvement: Widen all 29 single lane bridges to 2 lanes; repair, reinforce
and reconstruct as appropriate all 40 2-lane bridges; integrate climate change
adaptation recommendation in the design and complete all the due diligence for
social and environment safeguards. Because of their size and duration, only the
preparatory activities will be undertaken during the first tranche of the program while
the works will be executed over the second and third tranches.

C. Climate Resilience of SHHIP - General Considerations

83. The selected approach to SHHIP has many positive characteristics in terms of
increasing climate resilience. Firstly, the multi-tranche approach facilitates the integration of
climate change measures. It allows time and space to collect climate related data, to develop
innovative approaches and to convince all decision-makers of the feasibility and necessity of
adapting. Also, whilst assuring the immediate execution of urgent and ‘ready-to-go’
investments, it allows for detailed preparatory work for the more complex investments —
which should allow the inclusion of innovative measures to adapt to climate change.

84. Secondly, compared to Option 1, Option 2 allows more flexibility, and therefore it
allows adaptive responses to climate change to be developed when needed and when
available. It also provides for more maintenance and emergency response — thereby both
preventing climate impacts and creating the capacity to respond to climate impacts after they
happen. Studies show that maintenance and emergency response are often the most
effective climate adaptation measures in road transport.'® Further, unlike Option 1, under
Option 2 it is intended to keep all the road open and passable at all times: during the
construction period climate hazards will not reduce economic activity nor lead to the
temporary isolation of marginal populations.

16 Including grade rising on a few flood prone sections in the Morobe Province.

17 Current investigations point to an alignment of about 24 km long

18 See for example, Climate Proofing: A Risk-based Approach to Adaptation (ADB, 2005) and Climate and
Disaster Resilience (from the World Bank Group Pacific Possible series, 2016 draft).
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85. Finally, as the Highway is progressively upgraded under Option 2, measures will be
taken to increase drainage capacity and slope stability — these are important engineering
measures to increase climate resilience.

V. CLIMATE RISK AND VULNERABILITY ASSESSMENT OF THE SHHIP

86. This Section undertakes the detailed assessment of all components of SHHIP.
Where appropriate, the methodology is described.

A. Output 1

87. Output 1 is “Highlands Highway from Lae Nadzab airport to Kagamuga airport at Mt.
Hagen, is restored, effectively maintained, and upgraded as required to be safe, climate- and
disaster resilient for all users”. Output 1 constitutes the majority of the investments under the
SHHIP and is the main focus of this CRVA.

88. The steps to determining the climate risks and vulnerability of the first Output are
illustrated in

Figure 4 and described in detail in the sections 5.1.1 through 5.1.4.

Identify the Describ‘e hpw Describe .
priority climate th.e priority SHHIP’s . Identnfy
and climate risks may response to the reS|dua.I climate
change risks gvolve under risks and assess risk
climate change the response

Figure 4: Steps to assessing climate risks and vulnerability
A. 1. Identifying the Priority Risks

89. As mentioned previously, the standard approach to identifying the risks associated
with climate change is to determine current climate parameters, to determine how the
parameters will change through global climate change, and then to determine how this
should affect project design or how it may impact the project assets. For two reasons that
approach is not sufficient nor most appropriate in this case. First, the data on the current
climate (rainfall), as well as other critical geographical (notably on watersheds) data, is
insufficient. Second, since the road has existed for over thirty years, it is possible, by
observing the current road conditions, to determine which climate risks affect which sections
of the road and to what extent. Using this information and projected climate change, it is
possible to extrapolate how and where climate change will affect the road in the future.

90. This process is followed in Annex 5. Annex 5 reviews and assesses the level of risk
from each climate hazard to road assets for each zone of the highway. The climate hazards
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considered in Annex 5 account for both current climate conditions and projected climate
change. In Annex 5, risk is considered as a function of the following three parameters:
hazard, exposure and vulnerability:

e The scale of the hazard refers to the scale of the projected climate events and
extremes in the zone. Given the absence of detailed past climate data and of
accurate climate change projections, this is determined based on (i) available
knowledge of past weather conditions in the concerned zone; (ii) best available
climate change projections for the area; and (iii) evidence of climate events along the
highway.

o The scale of exposure. This reflects the extent that the road assets will be exposed to
the climate events/extremes. This is notably a function of the surrounding geography
(relief, hydrology, soil structure, etc.) and the position of the road in that landscape.
Given the absence of detailed GIS and other geographical data, this is determined
based on (i) evidence of previous climate-induced damage along the highway and (ii)
the impacts that climate change is projected to have on hydrology and hydraulics in
the zone (as these are the mechanisms through which the risk is manifested).

e The scale of vulnerability. This reflects to what extent the road could be negatively
affected by exposure to the climate threat. In addition to previous factors (notably
evidence of past damage), this is partly determined by the presence of any factors in
the zone that tend to either mitigate or exacerbate the concerned risk. In this case,
this also covers economic vulnerability by accounting for the critical nature of the
asset with respect to mobility and transport.

91. Annex 5 determines the level of risk from climate hazards to road assets in each
zone — in both current and climate changed conditions. The findings are summarized in
Table 2.

Climate Hazard
Zone Extreme rainfall Temperature Accumulated rainfall Winds
1 High risk Low risk Medium risk Low risk
2 High risk Low risk Medium risk Low risk
3 Very high risk Low risk Medium risk Low risk
4 High risk Low risk Medium risk Low risk
5 High risk Low risk Medium risk Low risk

Table 2: The level of risk from climate hazards to road assets in each zone — in current and climate
changed conditions

92. Hence, the greatest risks are related to extreme rainfall. Next, accumulated rainfall —
over the medium and/or long-term - present a medium risk. The risks associated with
temperature and winds are not significant. Further, assets in Zone 3 face the highest overall
risk, and assets in the other zones all face a similar degree of risk.

A.2. Determining How the Priority Risks May Evolve with Climate Change

93. Table 1 in Section 2.2 summarized the four main mechanisms by which climate
hazards cause damage to road assets, as follows:

o Extreme or intensive rain events over small catchments, these lead to peak water
discharges in the small catchments and peak levels in the streams across the
catchment.

e Prolonged periods of rainfall over small catchments. The accumulated rainfall leads
to increases in the moisture level in the soil and to a rising of the water table. This
can be exacerbated by intensive short-term events.
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o Prolonged periods of rainfall accompanied by intensive rain events over medium
sized catchments that lead to peak water discharges and peak water levels over the
catchment and in the larger streams and rivers.

e Prolonged periods of rainfall accompanied by intensive rain events over the entire
catchments, this leads to peak water discharges and peak water levels in the
Markham River in Morobe Province.

94. Section 3.2 determined that the following assumptions should be used with regards
to the pertinent climate parameters during climate change:

e average annual rainfall will increase by, at most, 14% by 2050;
¢ the maximum daily rainfall for a given return period may increase by 30% by 2055.

95. This Section determines how these changes in the climate will affect the peak water
discharges, the peak water levels and the soil moisture levels, and in turn how this will affect
road assets.

Peak water discharges and peak water levels in small catchments

96. The discharge of water from a small catchment into a stream is affected by several
factors including the surface area, the land cover, the slope, the intensity of the rainfall and
the duration of the rainfall. For the Highlands, there is insufficient data to establish exact
models linking these factors.

97. Further, once in the stream, the level of the water at a given point is affected by
several factors, notably the cross-section of the stream, the slope, the stream shape, the
composition of the bed-?, the presence of obstacles and the discharge rate. For the
Highlands, there is insufficient data to establish exact models linking these factors. Hence,
even if data on discharges was available, it would not be possible to precisely determine
water levels.

98. In order to estimate water discharge and water levels in the absence of full data, the
Government of PNG, with technical support from SMEC, prepared ‘Flood Estimation
Guidelines’ (in 1990). These Guidelines provide standard and simplified methods for
estimating flood levels for use in small and medium-sized engineering works in PNG, notably
for bridges, culverts and drainage. The Guidelines set out a two-step process that is followed
in the following paragraphs. The first step is to estimate the peak discharge. The second
step is to estimate the peak water level - using the estimated peak discharge from the first
step.

99. Step 1 — estimating the peak discharge. The Guidelines provide seven methods for
doing this: the method to be used depends on the data available and the area of the
catchment. Of the seven methods, the ‘Regional Flood Frequency’ method is the only one
applicable to this case. This method is applicable to rural catchments larger than 4 km?2. It is
stated that: “This method is derived from an analysis of 66 catchments across Papua New
Guinea, ranging in size from 5 km?to 40,900 km?. While this flood estimation method is able
to be applied across Papua New Guinea, some caution should be used to ensure that the
catchment of interest is characteristic of the data used to create the method.”

100. This method looks at the relationship between peak rainfall amounts (P, measured in
mm) and peak discharges from the catchment (Q, measured in mm?3). It can be
approximated that, if all other factors are kept constant, the relationship between P, (the
maximum daily rainfall with a two year return period) and Q: (the peak discharge with a two
year return period) is as follows: Q. o« P,11? (1). It therefore follows that an increase in daily



22

rainfall of 30% will lead to an increase of peak discharge of 34%. l.e., the discharge
associated with rainfall with a two-year return period will increase by 34% in 2055 due to
climate change.

101. The key assumptions made in Step 1 are: (i) the relationship between P and Q
applies constantly to all the catchments along the Highway, (ii) the relationship between P
and Q applies to all return periods and (iii) daily rainfall — rather than two-hourly rainfall - is
sufficiently intensive!® for the relationship to hold.

102. Step 2 - estimating the peak water level. The Guidelines suggest the use of the
Manning Equation to calculate peak water levels. In the Manning Equation, if one assumes
uniform flow and a rectangular cross-section, and all other factors are kept constant, the
relationship between flow height at a given location in a stream (R, in mm) and discharge in
the stream Q (in mm3) is as follows: R o« Q% (2). It therefore follows an increase in daily
rainfall of 30%, that leads to an increase of peak discharge of 34%, which will lead in turn to
an increase in flow height of 55%, i.e., the peak water level associated with rainfall with a
two-year return period will increase by 55% in 2055 due to climate change.

103. Note that combining (1) and (2), it follows that the relationship between R, the water
level, and P, the rainfall intensity, may be R o P18, |.e., the peak flow height rises much
more quickly than the peak rainfall. It has to be stated that there are many assumptions and
approximations in these estimations.

104. In summary, from the above, it is estimated that, by 2050, due to climate change:

(i) the peak discharge from a small catchment, for any given return period, may
increase by 34%. This should notably guide the design size of drains; and

(i) the peak water levels in streams and rivers in small catchments, for any given
return period, may rise by 55%. This should notably guide the height and
design of bridges.

Peak water discharges and peak water levels in large catchments

105. Discharges from several small catchments join together to form the stream or river
for the overall catchment. However the conversion of peak discharge over several small
catchments to a peak discharge in the large catchment is not straightforward. Further, the
conversion of the changes to peak discharges in small catchments due to climate change to
changes to the peak discharge in the large catchment due to climate change is even less
straightforward.

106. The limited data available suggests that storms are small in scale (compared to the
overall catchment). Hence, a peak discharge from one small catchment is unlikely to
coincide with a peak discharge in other small catchments. Therefore, the peak discharges do
not necessarily accumulate. However, if true, this has always been the case in the PNG
Highlands, and the observed peak discharges in the large catchment already account for
this.

107. The peak discharge in the large catchment are affected by two factors:
o the scale of the peak discharges in all the constituent small catchments. We saw in

the previous section that, due to climate change, the peak discharge from a small
catchment, for any given return period, may increase by 34%; and

19 Typically, intensive rainfall will refer to 1 or 2 hourly amounts.
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¢ the degree to which peak discharges in neighboring small catchments coincide. Due
to climate change, this could increase if the geographical scale of extreme storms
increases, and this should decrease if the geographical scale of extreme storms
decreases. The existing climate change models do not provide guidance on this
matter.

108. For larger catchments, it may be postulated, for any given return period: (i) the
peak discharge will rise, but probably by less than 34% and (ii) the peak water level
will rise, but probably by less than 55%.

Soil moisture content and height of water table

109. Itis generally agreed that there is a relationship between rainfall — both extreme and
accumulated over a prolonged period — and soil moisture levels. This has also been
established in the PNG Highlands (see, for example, Braybrooke (1969) and Jacobson and
Harris (1970)). Further, it is agreed that there is, in turn, a relationship between soil moisture
levels on the one hand, and slope stability and the strength of a road’s lower layers on the
other hand. These relationships are illustrated in Figure 5.
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Figure 5: lllustrating simplified description of relationship between rainfall and threats to
road structure

110. However, the nature of the relationship between these factors is highly complex. In
addition to extreme and prolonged rainfall, many other factors affect soil moisture and water
table height. Further, in addition to soil moisture and water table height, many other factors
affect slope stability?® and the strength of the lower road layers. As a result, it is difficult to
ascertain the quantitative relationship between rainfall and slope stability/strength of road
layers that can be applied to the conditions in the Highlands. It is reasonable to assume
that as climate change leads to increases in extreme rainfall and prolonged medium
term rainfall this will, most likely, lead to some decreased slope stability and some
weakening of the lower road layers.

Summary Description of Priority Risks Through Climate Change

111. Table 3 summarizes how climate change will lead to increased climate hazards and
therefore an increased risk of negative impacts on road assets and/or performance on the
Highlands Highway.

Climate Hazard Impact on hydrology | Potential Climate Change | Main impact on | Concerned
Impacts road asset or | Zone
performance
Extreme or This leads to peak 34% increase in peak Drains/cross- In the

20 These factors include soil type, land-use, drainage, slope, presence of construction.
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Climate Hazard Impact on hydrology | Potential Climate Change | Main impact on | Concerned
Impacts road asset or | Zone
performance
intensive rain water discharges in the | discharge and 55% drains may be following
events over small small catchment and increase in peak water damaged order: 3, 2,
catchments peak levels in the level will exacerbate the 4,5
streams across the impacts on road assets and
catchment on road performance.
Water may In the
damage following
pavement order: 3, 2,
4,5
Water flowing In the
down slope may following
damage cut or fill order: 3, 2,
4,5
Water in nearby In the
rivers may erode following
or scour fill order: 3, 2,
beneath the road 4,5
Prolonged periods | The accumulation Increases in extreme and Moisture leads to Mostly 3
of rainfall over leads to increases in prolonged rainfall will likely | slope failure that
small catchments the moisture level in to lead to even more may lead to (i)
the soil, and to a rising | moisture in the soil and pavement
of the water table. This | further rising of the water damage (ii) road
can be exacerbated by | table. However, the blocks
intensive short-term relationships are High water table In the
events complicated exacerbates following
pavement failure. order: 3,2, 4
Prolonged periods | This leads to peak Increases in extreme Bridges may be Mostly 2
of rainfall water discharges and rainfall will lead to higher damaged (which has
accompanied by peak water levels over | peak discharges and water | (damage may many
intensive rain the catchment and in levels. However, the take many forms) | bridges)
events over the larger streams and | increase is likely to be less
medium sized rivers than the 34% (discharge)
catchments and 55% (level) associated
with small catchments
Prolonged periods | This leads to peak Increases in extreme Damage to 1
of rainfall water discharges and rainfall will lead to higher bridges
accompanied by peak water levels in peak discharges and water
intensive rain the Markham River in levels. However, the
events over the Morobe Province increase may be less,
entire catchments possibly significantly less, Regular flooding 1
than the 34% (discharge) of road
and 55% (level) associated | Flood damage to 1

with small catchments

pavement

Table 3: Expected impacts of climate change on certain road assets and performance aspects

A.3
the Response

112.

SHHIP Response to the Climate and Climate Change Risks, and Assessment of

Table 3 lists the projected main impacts of climate change on road assets or

performance. This section assesses how the current SHHIP design addresses these
projected impacts.

113.

As described above, the approach adopted by SHHIP is to run two sets of activities:

(a) maintenance — to act rapidly to salvage the sections that are still in fair condition and
ensure that the entire Highway is smooth and passable by providing the necessary
maintenance and immediate repairs; (b) investment — to systematically upgrade all sections
of the Highway where necessary, bringing them to an acceptable condition and specification.
For those sections subject to “(b)”, after the investment takes place, it will be necessary to
provide routine maintenance through “(a)”.
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115.
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For planning reasons, SHHIP activities in Output 1 are categorized as follows:

Maintenance: routine maintenance, specific maintenance, milling levelling &
compacting, and bridge maintenance;

Investment: road strengthening, road resurfacing, grade raising, drainage
improvement, landslide protection, emergency works, goroka bypass, truck climbing
lanes, and;

Bridges investment program: bridge widening from one to two lanes, bridge
reinforcement, bridge reconstruction, and bridge repair.

In all there are 17 types of activity. Table 4 describes each activity type, assesses if

and how it may be at risk from the climate change factors identified in Table 3, and then
assesses whether the proposed SHHIP approach is adapted to climate change or if it
provides sufficient climate proofing.
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Maintenance

Planned Measure b Assessment of Effectiveness of
Activity Description Likely Impact of Climate Change Y | sHHIP Response to Climate Risks
SHHIP .
and Climate Change
Routine Maintenance Projected increases in short term rainfall | SHHIP has planned and | Maintenance is considered a key tool
This includes inspection, road side vegetation clearing | intensity lead to increased stress on drains and | will implement improved | to adapt to climate change. This is a