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Climate Change Adaptation for Maritime and Inland Port and Navigation Infrastructure 

 
The consequences of climate change have the potential to affect the performance of existing port 
infrastructure and new infrastructure will need to take into account these effects, to ensure long-term 
resilience.  Climate change considerations for port infrastructure will vary depending on the location of the 
port, such considerations are outlined for ocean ports and inland ports located on lakes and rivers. 
 
Climate change adaptation begins with building capacity for future change, through raising awareness, 
data collection, monitoring and research.  It is also important to understand the risks, which can be 
accomplished by completing a climate risk assessment.  This climate risk assessment can form part of a 
port’s broader risk management process by identifying both current vulnerabilities and future risks.  The 
climate risk assessment will help quantify the risk for difference subject areas and allow the port to 
prioritise each risk.  With this information, the adaptation options can be developed and implemented 
based on a priority sequence.  

Two risk assessment models were presented, the first from RMIT University and the National Climate 
Change Adaptation Research Facility in Australia as part of the enhancing the resilience of seaports to a 
changing climate report series (Scott, H., McEvovy, D. Chhetre, P., Basic, F., Mullet J., 2013) who 
recommends a hybrid vulnerability / risk assessment process.  The advantage to this method is 
determining the current climate vulnerability and the selection of climate scenarios for the port to 
determine the future climate variability and extremes.  The second risk assessment method is that 
prepared by Working Group 178 Climate Change Adaptation for Maritime and Inland Port and Navigation 
Infrastructure.  [Details of this method will be included here once the information is available.] 

With the information gained through identifying the key climate change drivers and conducting a site 
specific risk assessment, adaptation initiatives can be developed with the objective of ensuring the long-
term resilience of port infrastructure.  A key component to the success of this process in the long-term is 
to constantly monitor the dynamic coastal environment and update the climate change risk assessment 
when appropriate 

INTRODUCTION 
 

The scientific community is generally in agreement that the global climate is changing.  Changes in the 
climate system have the potential to affect both existing and new port infrastructure; by virtue of their 
proximity to coasts, rivers, and lakes, they are located in vulnerable areas.  Understanding the impacts of 
climate change on port infrastructure is an important consideration when assessing the long-term viability 
of an existing port, or when planning new port infrastructure.   

This paper draws on the PIANC report on climate change: “Adaptation for Maritime and Inland Port and 
Navigation Infrastructure” (in press), and summarizes the possible climate change effects on port 
infrastructure specifically, and provides considerations for developing adaption options.  The main 
objective is to provide some guidance to ports on where to start when it comes to planning for future 
climate change and serve as a stimulus for further discussion.  
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1.0 CLIMATE CHANGE DRIVERS 
AFFECTING PORT INFRASTRUCTURE 

Understanding climate change science is an 
important first step to assessing the potential 
impacts on port infrastructure and developing an 
adaptation strategy.  The key climate change 
drivers affecting port infrastructure are shown in 
Table 1 and include water level, storms, waves, 
winds, air temperature, and precipitation.  The 
secondary drivers are also shown in Table 1.  A 
secondary driver is a consequence of a primary 
driver that affects port infrastructure.  A primary 
driver can be a secondary driver or another 
driver.  The importance of identifying both 
primary and secondary drivers is to understand 
the relationship between the various drivers.  
For example, a storm can cause serious 
damage to a port through storm surge and high 
precipitation causing flooding; waves causing 
structure damage or erosion; high winds and 
cloud cover causing interruptions to navigation.  
The storm is the primary driver, and the 
secondary drivers include surge, precipitation, 
waves, winds and cloud cover. 

Not all of the climate change drivers listed in 
Table 1 will apply to all ports.  The ports location 
is the main parameter used to assess the 
relevant climate change drivers.  This is mainly 
due to global variability of climate change.  For 
example, the European Space Agency (ESA) 
estimates that for the period from 1993 to 2013, 
the change in the mean sea level has varied 
globally from -10 mm/year to +10 mm/year as 
shown in Figure 1.  In some regions where the 
mean sea level is increasing, such as the 
Phillipeans where the mean sea level has 
increased at a rate of about 10 mm/year from 
1993 to 2013, the water level will be an 
important climate change driver.  Whereas in 
other areas, the water level may not be as 
important, such as the Gulf of Alaska where the 
mean sea level is not rising but rather has 
experienced a decreasing trend over the past 
20 years.  Depending on the rate of the mean 
sea level decreasing, the water level may still be 
an important driver, but with a different focus 
such as decreased navigation depths as 
opposed to the risk of flooding.  
 
 
 
 

Table 1:  Climate Change Drivers and the 
Potential Impacts on Maritime and Inland 
Port Infrastructure (modified from PIANC, in-
press) 

Primary Drivers 
Secondary 
Drivers 

Potential Impacts on Maritime and Inland Port 
and Navigation Infrastructure 

Water level (sea 
level, lake level, 
etc.) 

• Waves 
• Currents 

Submergence, flood damage, erosion, littoral 
transport, change in navigation depth, saltwater 
intrusion, rising water tables/impeded drainage, 
wetland loss and change. 

Storms 
(cyclones, 
hurricanes, etc.) 

• Surge 
• Waves 
• Winds 
• Cloud cover 
• Precipitation 

Flooding, erosion, littoral transport, saltwater 
intrusion, rising water tables/impeded drainage, 
wetland loss and change, infrastructure damage, 
flood defense failure, and navigation downtime. 

Waves • Currents 
Erosion, littoral transport, flooding, overtopping, 
infrastructure damage, and navigation downtime. 

Winds 
• Waves 
• Surge   
• Currents 

Submergence, flood damage, erosion, saltwater 
intrusion, infrastructure damage, and navigation 
downtime. 

Precipitation 
• Freshwater 

inflow 
• Currents 

Flooding, erosion, and infrastructure damage. 

 
Figure 1:  Regional Patterns of Observed Sea 
Level from 1993 – 2013 (ESA, 2015) 

Local data such as metorological, water, wave, 
and so forth, can be used to assess which 
climate change drivers apply to the port of 
interest.  Some form of data is often available 
through government monitoring programs.  
However, where no data is available the port 
may wish to install local monitoring station to 
obtain the necessary data. 

The potential impacts to port infrastructure 
corresponding to each of the climate change 
drivers listed in Table 1 are explained in each of 
the following subsections.  
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1.1 Water Level 

Water level as a climate driver refers to the 
change in the oceans, lakes, and rivers as a 
result of climate change.  The change in the 
world’s oceans have been well studied and 
documented by the Intergovernmental Panel on 
Climate Change (IPCC).  For more information 
on the rate of sea level rise, refer to (IPCC, 
2013).   

Inland water bodies, such as lakes and rivers 
have a varied response to Climate Change.  For 
example the water levels on the Great Lakes in 
North America are estimated to decrease with 
rising temperatures due to increased 
evaporation and decrease in precipitation 
(Gronewold, A. And Stow, C., 2014). 

When considering the change in water level as a 
result of climate change, it is important to 
consider if tectonic uplift is relevant for the port.  
Tectonic uplift is the rate at which the land is 
rising relative to the water level as a result of 
post-glacial rebound.  Figure 2 illustrates 
estimated global uplift rates published in 2007, 
where values range from -6 to 18 mm/year.  

Figure 2:  Uplift Rates Due to Postglacial 
Rebound (Paulson, A., Zhong, S., and Wahr, J., 
2007) 

The sea level taking into account tectonic uplift 
is often referred to as the relative sea level 
(RSL), and is the difference between the rate of 
sea level rise and the rate of tectonic uplift. 

The secondary drivers to the water level 
changing includes waves and currents.  As the 

water level changes, the waves and currents are 
directly affected.  The potential impact on port 
infrastructure include flooding, infrastructure 
damage, shoreline erosion, navigation channel 
accretion causing change in navigation depth, 
saltwater intrusion, and/or rising water tables 
impeding drainage.   

1.2 Storms 

Storm frequency and intensity may vary with 
climate change.  According to IPCC (2013), it is 
likely that the global frequency of occurrence of 
tropical cyclones will either decrease or remain 
unchanged.  Although the frequency of events 
may not increase, it is likely that the intensity of 
the storms will increase through increase wind 
speeds and precipitation.  This change is 
expected to vary by region as shown in Figure 3.  
This figure illustrates the predicted change in the 
average over the period 2081-2100 relative to 
2000-2019 for different tropical cyclone metrics 
including storm frequency, frequency of category 
4-5 cyclones, maximum intensity, and 
precipitation rate.   

 

Figure 3:  Projected Change in Cyclone 
Frequency (IPCC, 2013) 

Secondary drivers to storms include storm 
surge, waves, winds, cloud cover, and 
precipitation.  All of these drivers have the 
potential to affect port infrastructure through 
flooding, infrastructure damage, shoreline 
erosion, navigation channel accretion causing 
change in navigation depth, saltwater intrusion, 
rising water tables impeding drainage, and/or 
navigation downtime. 
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1.3 Waves 

The wave climate at a site is principally 
governed by the water depth and the wind 
forcing conditions (and available fetch) resulting 
in both wind-sea and swell generated waves.  
Therefore, the impact of climate change on the 
wave climate at a site is closely related to the 
projected changes in sea level (both mean and 
extreme) and the intensity, frequency, duration 
and path of storm events.  Figure 4 illustrates 
the IPCC (2013) projected changes in wind-
wave conditions for 2075-2100 compared with 
1980-2009.   

 

Figure 4:  Projected Change in Wind-wave 
Conditions for 2075-2100 Compared with 
1980-2009 (IPCC, 2013) 

A secondary driver to waves is currents, in areas 
where the currents are mainly driven by waves, 
they are directly related.  Waves and currents 
had the potential to affect port infrastructure 
through a number of means including: 
infrastructure damage, shoreline erosion, 
navigation channel accretion causing change in 
navigation depth, navigation downtime during 
unsafe wave/current conditions.  Port operations 
such as loading and unloading of ships may also 
be affected due to the change in wave loading 
on the vessels. 

1.4 Winds 

Winds affecting port infrastructure are over 
water extreme winds, often accompanying a 

weather system such as a cyclone, hurricane, or 
typhoon.  Projected future changes in wind 
speed have been studied by IPCC (2013) who 
concluded that mid-latitude westerly winds have 
generally increased in both hemispheres. 

Changing winds affect wind driven waves and 
surge.  These effects combined, also affect 
currents.  Changes in wind patterns will have a 
wide range of impacts on port infrastructure, 
such as flooding during extreme surge events, 
infrastructure damage due to high winds and 
wind induced waves, shoreline erosion due to 
waves and surge, navigation channel accretion 
causing change in navigation depth, and/or 
navigation downtime.  In addition, construction 
facilitating port expansion might be more 
challenging in the future as increased winds can 
cause construction delays. 

1.5 Precipitation 

Precipitation refers to any product of 
condensation of atmospheric water vapour that 
falls under gravity.  Precipitation can be in the 
form of rain, sleet, snow, hail, etc.  IPCC (2013) 
estimates that the precipitation trends are 
changing; this change is shown in Figure 5.  
When comparing annual precipitation from 
1901-2010 to 1951-2010 the mid-latitude land 
areas of the Northern Hemisphere have 
experienced increase precipitation.  Whereas 
other areas have experienced decreased 
precipitation such as some parts of Africa, the 
eastern coast of Australia.  

 

Figure 5:  Observed Change in Annual 
Precipitation Over Land (IPCC, 2013)  

Change to overland precipitation can affect 
freshwater flows in lakes and rivers.  Where 
freshwater enters the oceans change in 
precipitation can also affect the estuary flows.  
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These changes can affect port infrastructure 
through potential flooding during extreme rainfall 
events, erosion due to increased flows, and 
infrastructure damage.  Inland water bodies that 
have experienced decrease precipitation over 
the long-term may suffer from navigation 
challenges through decreased navigation 
depths. 

2.0 CLIMATE CHANGE ADAPTION PLAN 

Climate adaptation generally has two phases 
building capacity for future change and then 
implementation.  The first phase is achieved by 
raising awareness, skill development, data 
collection and monitoring and research.  Then 
the adaptation initiatives can be implemented 
through technological, engineering change, 
planning, design, legal/regulatory, 
insurance/financial measures, and management 
system change.  (Scott, H., McEvovy, D. 
Chhetre, P., Basic, F., Mullet J., 2013) 

Raising awareness and skill development can 
be done through a climate change risk 
assessment, which can be part of a ports 
broader pre-existing risk assessment process.  
There is not one standard way to conduct a 
climate change risk assessment.  However, 
each climate change risk assessment should be 
site specific. 

Climate change adaptation guidelines for ports, 
produced by RMIT University and the National 
Climate Change Adaptation Research Facility in 
Australia as part of the enhancing the resilience 
of seaports to a changing climate report series 
(Scott, H., McEvovy, D. Chhetre, P., Basic, F., 
Mullet J., 2013), recommends a hybrid 
vulnerability / risk assessment process for ports 
as illustrated in Figure 6.  The advantage of this 
method is determining the current climate 
vulnerability and the selection of climate 
scenarios for the port to determine the future 
climate variability and extremes.  This is referred 
to as the “bottom-up” approach (Scott, H., 
McEvovy, D. Chhetre, P., Basic, F., Mullet J., 
2013).  A key component to this climate change 
risk assessment approach is integrating primary 
data from port personnel to determine current 
vulnerability. 

 

Figure 6:  Hybrid Vulnerability / Risk 
Assessment Process for Ports (Scott, H., 
McEvovy, D. Chhetre, P., Basic, F., Mullet J., 
2013)  

The PIANC report Adaptation for Maritime and 
Inland Port and Navigation Infrastructure 
(PIANC, in press), also presents a climate 
change risk assessment framework… [Note, this 
section is not complete, the PIANC report details 
are still in progress, these details will be added 
to my paper as soon as they are available.]. 

With the knowledge gained through identifying 
relevant climate change drivers and undergoing 
the risk assessment process, adaptation 
initiatives can be developed and then prioritized.  
Adaptation initiatives may be done through 
technological, engineering change, planning, 
design, legal/regulatory, insurance/financial 
measures, and/or management system change. 

As more data and scientific research becomes 
available, it is important to update the climate 
change risk assessment and monitor any 
adaptation measures that have been 
implemented.  This is the final step to ensuring 
the long-term resiliency of port infrastructure to 
the ever changing climate. 

5.0  CONCLUSIONS 

Changes in the climate system have the 
potential to affect both existing and new port 
infrastructure as they are located in vulnerable 
areas near oceans, lakes, and rivers.  This 
paper was prepared based on the PIANC report 
on climate change: “Adaptation for Maritime and 
Inland Port and Navigation Infrastructure”, which 
is currently not publically available.  This report 
is scheduled for release in late 2016. 
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Guidance to ports on where to start the climate 
change adaptation process was presented by 
first demonstrating the importance of 
understanding the relevant climate change 
drivers.  Data analysis can aid in demining 
specific climate change drivers frequency and 
magnitude. 

The process leading to climate adaptation was 
presented as having two phases building 
capacity for future change and then 
implementation.  The first phase is achieved by 
raising awareness, skill development, data 
collection and monitoring and research primarily 
through a risk assessment process.  There is not 
one standard way to conduct a climate change 
risk assessment.  However, each climate 
change risk assessment should be site specific.  
Two risk assessment models were presented, 
the first from RMIT University and the National 
Climate Change Adaptation Research Facility in 
Australia as part of the enhancing the resilience 
of seaports to a changing climate report series 
(Scott, H., McEvovy, D. Chhetre, P., Basic, F., 
Mullet J., 2013) who recommends a hybrid 
vulnerability / risk assessment process.  The 
advantage to this method is determining the 
current climate vulnerability and the selection of 
climate scenarios for the port to determine the 
future climate variability and extremes.   

The second risk assessment method is that 
prepared by Working Group 178 Climate 
Change Adaptation for Maritime and Inland Port 
and Navigation Infrastructure.  [Details of this 
method will be included here once the 
information] 

With the information gained through identifying 
the key climate change drivers and conducting a 
site specific risk assessment, adaptation 
initiatives can be developed with the objective of 
ensuring the long-term resilience of port 
infrastructure. 

A key component to the success of this process 
in the long-term is to constantly monitor the 
dynamic coastal environment and update the 
climate change risk assessment when 
appropriate. 
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