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WATER INFRASTRUCTURE DESIGN

Water infrastructure consists of all the man-made 
and natural features through which water is moved 
and treated for domestic, commercial, industrial and 
municipal uses, and to remove it once it has been 
used. Properly maintained and operated, water 
infrastructure supports our daily needs for safe, 

clean and reliable drinking water and wastewater 
services. Infrastructure is typically designed to last 
up to 50 years, and sometimes more; once built it is 
difficult and costly to change. So when planning 
them it is important to consider how future 
conditions might be different from present. In light 
of climate change, the assumption that what 

“Effective policies are possible under conditions of uncertainty, but they must take uncertainty into account...”1 

SUMMARY

WATER AND SANITATION SERVICES INFRASTRUCTURE ARE DESIGNED TO LAST A LONG TIME, UP TO 50 YEARS OR 
MORE.  IN DESIGNING THEM CONSIDERATION HAS TO BE GIVEN TO ACCOMMODATING FUTURE DEMANDS AND 
OPERATING CONDITIONS. HOWEVER, ONE OF THE BASIC DESIGN ASSUMPTIONS HAS BEEN THAT THE CLIMATE IS 
STATIONARY; THE ASSUMPTION THAT NATURAL SYSTEMS SUCH AS CLIMATE VARY WITHIN A KNOWN AND WELL-
DEFINED RANGE.  CLIMATE CHANGE HAS CHALLENGED THAT ASSUMPTION.  WHILE OUR UNDERSTANDING OF THE 
FUTURE CLIMATE IS  STILL EVOLVING, THE INFRASTRUCTURE WE DESIGN TODAY WILL HAVE TO COPE WITH A 
CHANGED AND MORE VARIABLE FUTURE CLIMATE. OUR DESIGNS MUST ACCOMMODATE THAT UNCERTAINTY. 
INFRASTRUCTURE SHOULD BE RESILIENT TO COPE WITH VARIABILITY BY ADOPTING MULTIPLE INFRASTRUCTURE 
OPTIONS AT DIFFERENT SCALES; FROM COUNTRYWIDE TO HOUSEHOLD-LEVEL SYSTEMS THAT COMPLEMENT EACH 
OTHER; PROVIDE GREATER STORAGE CAPACITY, PROMOTE RAINWATER HARVESTING, REUSE OF TREATED 
WASTEWATER AND SOFT SOLUTIONS SUCH AS ALLOCATION RULES THAT CAN RESPOND TO CHANGING CONDITIONS 
SUCH AS DROUGHT, AND BETTER INTEGRATION WITH ECONOMIC DEVELOPMENT LAND USE PLANNING.

KEY POINTS

• PAST CLIMATE CONDITIONS ARE NOT THE BASIS FOR FUTURE DESIGNS

• LONG-LIVED WATER SERVICES INFRASTRUCTURE NEEDS TO BE DESIGNED NOW TO DEAL WITH THE CLIMATE IN 50 YEARS’ TIME
• WATER SYSTEMS (INFRASTRUCTURE AND INSTITUTIONS) NEED TO BE MORE FLEXIBLE TO COPE WITH GREATER VARIABILITY BY ADOPTING 

MULTI-PRONGED AND MULTI-LEVEL SOLUTIONS
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happened in the past is a good basis for designing 
for the future is no longer true.  Designs need to 
adapt to take into account greater future variability. 

INFRASTRUCTURE ISSUES IN THE CARIBBEAN

In many Caribbean countries the population with 
access to improved water supplies and sanitation 
exceeds 90%.2 However, there are challenges 
related mainly to the quality of service and the 
maintenance and operation of the infrastructure. 
Specifically, the challenges include: inappropriate 
governance arrangements;  inadequate tariff 
structures and level; ageing infrastructure; high 
levels of water unaccounted for; and poor 
infrastructure management.3

In many Caribbean countries efforts are directed to 
keep existing infrastructure running and extend the 
existing supplies to new customers. Investment in 
mains replacement and leakage management has 
not been adequate. Not enough is being done to 
upgrade the infrastructure to meet future needs and 
conditions.  These challenges to water infrastructure 
are very important given the expected climate 
change impacts.

CLIMATE CHANGE AND VARIABILITY

Projected climate change for the Caribbean 
suggests a 1.5ºC to 2ºC mean annual air 
temperature increase, leading to:

• A decrease in the length of the rainy season and 
increase in the length of the dry season;

• An increase in the frequency of intense rainfall events 
as basic physics indicates that a warming atmosphere 
with higher humidity leads to more intense 
precipitation;

• An increased frequency of the strongest hurricanes;

• A sea level rise of 30 to 50 cm by 2080.

The potential impacts from climate change and 
variability, are summarised in Table 1.

ADAPTATION RESPONSES UNDER CLIMATE 

UNCERTAINTY

According to Brown (2010)6, a new design approach 
is needed under climate uncertainty. This new 
paradigm for responding to the uncertainty of 
climate variability anticipates a range of future 
climates as part of water infrastructure decision 
making. It includes no regret strategies, reversible 
strategies, safety margin strategies, soft strategies 
as well as strategies that reduce decision-making 
time horizons. Some of these strategies are listed in 
Table 2.

Other measures that can be explored for managing 
the impacts on water supply include capturing and 
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WATER 
INFRASTRUCTURE 

COMPONENT

POTENTIAL IMPACTS FROM CLIMATE 
CHANGE AND VARIABILITY

Water supply 
sources

• Lengthened dry periods will decrease water storage and potentially increase water 
demand;

• Less water inflow or recharge to rivers and aquifers due to droughts;  
• Increased water source impairment due to increased pollutant load from  increased 

occurrence of floods and more intense precipitation and biological activity; 
• Reduced security of water supplies from changing rainfall
• Salinization of aquifers due to sea-level rise.

Physical 
infrastructure

• Increased corrosion rates and leakage (associated with water table fluctuations and 
increased bacteriological activity); 

• Increased storm-related effects from  more intense surge  activity,  wind  effects,  
and  flooding, especially to aging systems;

• Sea level rise effects if located near the coast, potentially combined with 
hurricanes.

Table 1. Potential impacts to water structure.



controlling stream and river flows. Dams can be 
constructed or expanded to retain and store peak 
flows that are more than user requirements and 
then released during periods when low flows are 
not sufficient to meet user 
needs. 

Groundwater systems 
offer potential for water 
reserves, including use for 
aqu i f e r s to rage and 
recovery (ASR) systems. 
Rainwater can be caught 
and stored in cisterns. 
Desalinised water, already 
used by some countries, 
is becoming feasible as 
c o s t s c o m e d o w n . 
Reclaimed water also 
offers potential for use in 
dual systems and for 
appropriate direct reuse.  
Each of these has to be 
looked at and considered 
within the context of each 
Caribbean state and its particular circumstances.

Design and management of water infrastructure 
under climate uncertainty should not be restricted 
to the physical infrastructure. Equally important are 
the institutional structures that help to manage 
water resources under climate variability. A clear 

example is rules on water allocation that prioritize 
different uses of water at different times. From this 
point of view, organized drought restrictions should 
not be considered supply failures but, rather, be 

seen as ins t i tu t iona l 
mechanisms to manage 
variability by prioritizing 
d i f f e ren t wa te r u ses 
during times of supply 
stress. Other institutional 
measures such as land use 
planning can substantially 
reduce the vulnerability of 
communities to water-
based natural disasters if 
they are supported by 
reliable flood data and 
use of various climate 
scenarios. 

Given that uncertainties 
about the expense of 
a d a p t a t i o n a n d t h e 
potential cost of taking no 
action may be barriers to 

investment in water infrastructure it is very 
important that cost benefit analyses are also carried 
out. These analyses can be used to compare various 
management options from an economic point and 
risk-based approach.
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Priority areas in water 
management for investment that 

will boost the Caribbean’s 
resilience to climate risks include:

• Augmenting/identifying alternative 
water resources

• Treating and using wastewater as a 
resource 

• Protecting and restoring watersheds 
• Flood risk management

• Strengthening water infrastructure and 
networks 

• Improving water use efficiency 



CONCLUSIONS

Adapting to climate change and variability has to 
start now in the provision of water services 
infrastructure.  Adopting no regret strategies which 
include provision of greater storage to cope with 
variability is a key adaptation strategy.  Dual 
systems that can utilize reclaimed water for non-
potable uses would increase resources and 
flexibility.  Soft solutions such as water allocation 
measures are as important in meeting future needs 
as hard infrastructure capacity. Whatever 
approaches are adopted, the risk and cost of 
inaction when making infrastructure investments 
need to be explicitly part of decision-making.
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INFRASTRUCTURE TYPE
ADAPTATION DECISION 

FOR EXISTING STRUCTURE
ADAPTATION DECISION 
FOR NEW STRUCTURE

Long life span (20 years and over) 
e.g water storage and distribution 
structures

Identify risks from climate 
change and best responses. 
Incorporate adaptation 
measures into maintenance 
regime

Identify risks from climate 
change and best responses. 
Incorporate adaptation into 
investment decisions;
Adaptation measures identified 
and developed as part of 
planning application process.

Short or medium life span Identify risks from climate 
change and best responses. 
Incorporate adaptation 
measures into maintenance 
regime

Identify risks from climate 
change and best responses. 
Incorporate adaptation into 
investment decision;
Adaptation measures identified 
and developed as part of 
planning application process.

Both short or medium and long 
life span 

Improvement to infrastructure 
and assess impacts of failure;
Loss reduction (such as leakage 
control) and increase efficiency;
Climate and flood proofing of  
infrastructure

Climate and flood proofing of 
infrastructure;
Capacity increase

Table 2: Adaptation responses to climate change and climate variability for water infrastructure.7
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