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The availability, quality, and use of water varies on different islands. 
In this module, we will look in some detail at the nature of high 
islands and low islands in Micronesia and their water resources, as 
well as consider how the geologic and hydrologic properties of 
islands affect the distribution, quantity, and use of water. Specifically, 
we will examine the following:

Types of islands
Rainwater
Surface water
Groundwater

Disclaimer: The contents of this presentation include original content as well as items compiled from a 
variety of sources. Though the sources are not attributed individually, they are not claimed as own and 
remain the copyright of respective owners. This presentation has been developed for educational and 
awareness use only and is under no circumstances to be used for commercial activities.
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Island Geology and Hydrology5

To understand the distribution of fresh water in Micronesia, it is first 
necessary to consider geology of the land. Water availability is quite 
different on different islands. There are two contrasting island types:

HIGH ISLANDS LOW ISLANDS
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High islands are tops of 
inactive or active volcanoes 
that rise from the ocean floor 
and reach the ocean surface.

Low islands are tops of 
volcanoes that rise from the 
ocean floor but no longer reach 
the ocean surface. 

HIGH ISLANDS LOW ISLANDS
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LET’S LOOK AT THE MICRONESIAN REGION.

CNMI

GUAM

PALAU

YAP

CHUUK

POHNPEI

KOSRAE

MARSHALL
ISLANDS

KIRIBATI

NAURU

F E D E R A T E D  S T A T E S  O F  M I C R O N E S I A
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WHERE ARE THE HIGH ISLANDS?
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WHERE ARE THE LOW ISLANDS?

CNMI
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PALAU

YAP
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KOSRAE

MARSHALL
ISLANDS

KIRIBATI

NAURU

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
TYPES OF ISLANDS

Island Geology and Hydrology5
OVERVIEW OF THE MICRONESIAN REGION.
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VOLCANIC ROCK
(RELATIVELY IMPERMEABLE AND INSOLUBLE)

CORAL LIMESTONE ROCK
(PERMEABLE AND SOLUBLE)

High islands are hilly or 
mountainous and are made 
of volcanic bedrock. This 
rock supports surface water.

Low islands are flat and low-
lying and are made of coral/
limestone rock. This rock does 
not support surface water.

HOW IS THIS SIGNIFICANT TO WATER FLOW?
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Fresh water in Pacific islands can be obtained from the following sources:

Surface water (from rivers and reservoirs)

Rainwater (from catchment and storage systems)

Groundwater (from wells)

Biological water (from coconuts and other foods) 

Saltwater (from desalination process)

Importation (from off island)

*Supplementary source of hydration

*Insignificant source (presently)

*Secondary source on most islands

*Primary source on low islands

*Primary source on high islands

*Last resort emergency source

Public water supply exists only in limited urban areas on high islands.

Private companies apply reverse osmosis to public or own water and sell it.  

>99% of total area of the Western Pacific is water -- but fresh water is scarce.
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Island Geology and Hydrology5
The source of all flowing surface water 
(streams and rivers) on islands is rain. 
Rainwater that has not evaporated, been 
transpired by plants, incorporated into 
biomass, or percolated underground, 
becomes surface runoff. It runs via stream 
channels down gradient and enters the 
surrounding mangroves/lagoons/ocean.

Surface flow occurs only where geology 
permits it: in the western Pacific, surface 
flow exists only on the high islands.

Precipitation - Evaporation 
- Transpiration - Percolation = Surface Runoff
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Island Geology and Hydrology5
WHAT IS DISCHARGE?

US
G

S

On Micronesian islands, river 
discharge is directly related to 
local rainfall. Amount of 
surface runoff (river discharge) 
responds quickly and directly 
to the amount of rainfall and is 
always lower than the amount 
of rainfall. 

(This is not necessarily so in 
many parts of the world, 
where rivers receive 
groundwater input). The graph to the right shows close correlation between 

the amount of rainfall and river discharge. In Pohnpei 
and Kosrae, rainfall in interior regions can be so high 
that runoff in rivers is greater than rainfall in lowlands. 
Yap, Chuuk, etc. have more uniform island-wide rainfall.
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WHAT IS DRAINAGE BASIN?

flow

drainage divide

A drainage basin (also known as catchment area or watershed) is the 
area of land where all surface water from rain falling there eventually 
converges to a single point (usually the exit of the basin, where the 
waters join the ocean). The larger the drainage basin area, the larger 
river discharge. 

basin
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HOW DO WE USE IT?

Surface water is the main source of municipal 
water supplies on high islands in the western 
Pacific. In urban areas, it is essential for all needs. 
Many rural places on high islands lack or have 
unreliable municipal supply and their residents 
must turn to rainwater for vital needs. Surface 
water is absent on low islands.

Drinking

Cooking

Washing dishes

Washing clothes

Showering / bathing

Watering animals

Agricultural needs

High 
Islands
urban

color code for water sources:
essential / secondary / absent or insignificant

High 
Islands

rural

Low 
Islands

Bucket in a shower due to 
unreliable water supply.

A small dam,
Salapwuk, 
Pohnpei.
Photo by:
Ruthanne
Swanson
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Island Geology and Hydrology5
WHAT ARE KEY PROBLEMS/CONCERNS?

Water is lost from public 
supply due to LEAKAGE, 
bad pressure management, 
improper flow logging, etc.

Only large high islands with 
AMPLE RAINFALL AND LARGE 
WATERSHED AREAS develop 
sizable streams and rivers.

Surface water is the main water source on islands where it exists, but 
its availability to island residents depends on proper infrastructure
water quality is affected by land use and in turn affects coastal ecosystem

The key problems associated with surface water use are:

Poor WATERSHED MANAGEMENT 
(forest degradation, population 
encroachment, construction) 
harm water quality and health 
of coastal (reef) habitats.

INTENSE AGRICULTURE AND 
ANIMAL HUSBANDRY may 
cause high fertilizer and 
organic waste input. 
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Island Geology and Hydrology5

On the western Pacific islands, 
flowing surface water is a 
luxury possessed only by the 
high islands. In all other 
islands, rainwater is not 
naturally held by the land 
surface and must be captured 
for use. 

The amount of annual rainfall 
in the Micronesian region 
decreases steadily from east to 
west. 
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HOW IS IT CAPTURED?

Low island and rural communities 
capture rainwater to meet their 
vital needs. They lack municipal 
water facilities and reliable public 
water catchment and storage 
system. Virtually every household 
must independently obtain and 
store own rainwater.

Rain catchment is achieved using systems consisting of an impermeable area that receives the rain 
(ie., roof), a series of conduits that transfer it (ie., gutter), and a storage component (ie., water tank) 
that keeps the water until it is used. Tanks vary in construction material (concrete, plastic, 
fiberglass), shape (rectangular, cylindrical), and size (from 55 gal. drums to cisterns 
accommodating thousands of gallons).
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Island Geology and Hydrology5
HOW DO WE USE IT?

Rainwater is used as exclusive drinking water 
source on all low islands and in many households 
on high islands where there is no (or no reliable) 
municipal supply. In all of those places, rainwater 
is also used as the primary source of water for 
cooking and dish washing. When rainfall is 
ample, rainwater is also used for washing laundry, 
showering, and for watering domestic animals.

Drinking

Cooking

Washing dishes

Washing clothes

Showering / bathing

Watering animals

Agricultural needs

High 
Islands
urban

color code for water sources:
essential / secondary / absent or insignificant

High 
Islands

rural

Low 
Islands

Rainwater catchment 
system, Sapwuahfik Atoll

A boy 
drinking 
water from 
rain 
catchment 
tank, 
Mwoakilloa 
Atoll
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WHAT ARE KEY PROBLEMS/CONCERNS?

DESTRUCTIVE STORMS 
can cause DAMAGE TO 
CATCHMENTS, TRANSFER, 
AND STORAGE SYSTEMS

SEASONALLY UNEVEN 
RAINFALL and DROUGHTS 
produce periods without 
rainfall

MAINTENANCE DIFFICULTIES 
reduce EFFECTIVENESS of 
catchment and the QUALITY 
of captured/stored water

The ability of low island residents to use rain as primary source depends on:
occurrence of rainfall in ample quantities and regular intervals 
ability of each household to capture and store the water they need

The key problems with this arrangement are:

LACK OF PUBLIC SUPPLIES 
means each household 
must satisfy own needs 
independently

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
RAINWATER

Island Geology and Hydrology5
WHAT HAPPENS DURING DROUGHTS?

Droughts typically occur during the winter 
and spring months of an El Niño event. 
Severe El Niño events can lengthen the 
drought period, with reduced rainfall 
conditions commencing in late autumn 
and extending into the summer of the 
following year. In general, low island 
residents sense a risk of freshwater shortage 
each time the level of water in their tanks 
drops to one-half full and respond by 
modifying certain daily water consumption 
practices. They reserve stored rainwater 
only for high priority needs (drinking and 
cooking) and relegate lower priority 
requirements to groundwater sources. 

Monthly rainfall, in mm, for Yap, Chuuk, Pohnpei, and Kosrae 
islands for the years 1997 to 2000, highlighting the drought 
experienced during the first half of 1998.

That allows water crisis to be delayed somewhat, but not averted if absence of rainfall 
continues. If crisis level is reached, sharing of water between (neighbors/relatives) 
compounds is increased, usage minimized for vital purposes only, and some demand is 
transferred to public tanks (school, municipal office, etc.). Nevertheless, many 
households on low islands do periodically run out of water completely.
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Groundwater is water beneath the ground surface. It is accommodated 
within pore spaces, voids, and fractures of rock formations. A unit of rock 
(or an unconsolidated deposit) is called an aquifer when it can yield a 
usable quantity of water. Every island on Micronesia has groundwater, but 
groundwater is rarely the primary water source. It is an important water 
source on all islands where surface water is insufficient. On low islands, it 
is regularly extracted from hand-dug wells whose depth ranges from 1-3 m 
to water level that fluctuates with rise and fall of tides.

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
GROUNDWATER

Island Geology and Hydrology5
WHERE IS IT?

Rainwater percolates downward 
through porous rock. It reaches 
the water table, below which 
rocks are saturated with fresh 
groundwater. All that water 
originated as rain and is 
contained within an island 
because it is slightly less dense 
than seawater -- which also 
percolates into the porous rocks 
and provides a base on which the 
fresh water rests. Fresh and salty 
groundwaters do not blend 
because of their density 
differences (much like oil floating 
on top of water in a glass). 

freshwater lens

mixing zone

salty groundwater

taro 
patchwell

lagoon ocean

The fresh groundwater body is the thickest in the 
island’s interior and thinnest around the perimeter, 
which gives it an overall shape reminiscent of a 
biconvex lens. The thickness of a groundwater lens 
and the amount of fresh water within it depend on 
island’s size, amount of rainfall, and properties of 
rock that holds it.

w. table
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HOW DOES IT MOVE?

As more rain falls and adds water to the water table, water is pushed outwards toward the 
coast. Groundwater slowly moves through porous rocks and percolates out into the 
surrounding ocean. It is important to be aware of this movement so that no contaminants 
are located up gradient from wells. 
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HOW DO WE USE IT?

Groundwater is not used on high islands where 
surface water is ample, but is an important 
secondary source of municipal water supplies on 
less wet islands, where small island size and 
droughts may reduce availability of surface water. 
On low islands, groundwater is regularly used for 
most needs other than water that is directly 
consumed, and is even consumed during 
emergencies. It is essential for taro agriculture.  

Drinking

Cooking

Washing dishes

Washing clothes

Showering / bathing

Watering animals

Agricultural needs

High 
Islands
urban

High 
Islands

rural

Low 
Islands

color code for water sources:
essential / non-essential / variable: absent to 
significant / emergency water source

A shallow hand-dug well, 
Pingelap Atoll

Mother and 
child 
bathing 
using water 
from a 
shallow 
hand-dug 
well, Pakein 
Atoll
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WHAT ARE KEY PROBLEMS/CONCERNS?

Groundwater can be used as regular and emergency water source, but
quantity is affected by seasonal climate patterns and droughts
quality is affected by saltwater intrusion, waste and wastewater disposal 

The key problems are:

The SMALL SIZE of some 
islands means that their 
groundwater supplies are 
naturally small

Overpumping or overland 
entry of high tide/surf can 
contaminate groundwater 
by SALTWATER INTRUSION

DROUGHTS diminish recharge 
and result in the thinning out 
of the groundwater lens due 
to reduction of water volume

Solid waste, wastewater, 
piggeries, graves, and poor 
well maintenance cause 
GROUNDWATER POLLUTION

Thursday, May 16, 2013
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WHAT HAPPENS DURING DROUGHTS?

Low island residents relegate all but the 
highest needs (drinking/cooking) to 
groundwater sources as soon as they 
sense that their stored rainwater is 
being consumed much faster than is 
being replenished. Wells are cleaned 
and put to use. In emergencies, 
groundwater is boiled and used to 
drink if no other water is available. On 
high islands where groundwater is used 
by public utilities companies, the 
proportion of overall water supply that 
is extracted from wells (as opposed to 
surface water sources) is expected to 
increase.

Observed and model-simulated thicknesses of the freshwater 
lens on Laura Island, Majuro, Marshall Islands, during the 
1997-1999 period, including the drought experienced during 
the first half of 1998.
 

We should know that the size of the groundwater lens decreases during droughts. If 
periods with no rain are prolonged (such as during El Niño events) the thickness of the 
lens can easily be halved or reduced to a third. Mixing zone at the base of the lens is 
brought closer to the surface and water in wells may become brackish. An increase in 
water extraction at such time can easily trigger saltwater intrusion. 
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KEY POINTS Quantity Quality

Surface water
(primary source on 
high islands, absent 

on low islands)

Only large and wet high islands 
have enough surface water to 

support large populations. 
Amounts available are reduced 

during droughts and generally by 
leakage from public supply 

system.

Quality of surface water depends 
on successful watershed 

protection, erosion control, and 
proper treatment and disposal of 
wastewater. Poor quality affects 

nearshore ecosystems.

Rainwater
(primary source on 

low islands and 
some areas on high 

islands)

Quantity varies much with 
seasonal weather patterns and may 

be reduced to zero during 
droughts. Individual households 

may not capture and store enough 
water when it rains and be unable 

to pull through droughts.

Quality of rainwater depends on 
the cleanliness of catchment, 

transfer, and storage systems. Roofs 
and gutters must be free of organic 
debris and rust. Water tanks must 
be well enclosed and regularly 

cleaned. 

Groundwater
(secondary source on 

low islands and 
small and dry high 

islands)

The availability of fresh 
groundwater is determined by 

island size, amount of rainfall, and 
type of aquifer rock or sediment. It 

can be significantly reduced by 
overexploitation and prolonged 

droughts. 

Inorganic and organic pollutants 
percolate underground and enter 

groundwater. Any intrusion of salty 
water (from underground or 

overland) may render groundwater 
unsuitable for consumption or 

agriculture.   
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