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Between the River  
and the Deep Blue Sea

Dr Alex Simpson



A Drop in the Ocean

When the freshwater flowing down a 
river reaches the coast, it will inevitably 
be released into a sea or ocean, both of 
which are saline (meaning salty). However, 
this interaction between fresh water and 
saline water is not as simple as it might 
first seem. We might readily assume that 
the fresh river water just disperses into 
the salty ocean and becomes part of the 
ocean but there is a lot more to the story.

The output of water where a river meets 
the sea (otherwise known as the river 
plume) is an important area of interaction 
between the land and the sea, and to 
understand how our land-based activities 
affect seas and oceans, it is crucial that 
these areas are studied. 

There are several reasons for this. To 
start, fresh river water is rarely as clean 
and pristine as we would like it to be. Due 
to industry and agriculture, many rivers 
are now heavily polluted with chemicals, 
which, on reaching the ocean can 
negatively affect ocean wildlife. Rivers also 
carry physical pollutants such as plastics, 
which again are released straight into seas 

and oceans, causing potential devastation 
to ocean-dwelling organisms.

River estuaries are by their very nature 
changeable, and they act as important 
living and breeding habitats for many 
marine species. The size and dynamics 
of river plumes vary according to the 
physical geography of the river estuary and 
seabed, the speed and volume of the river 
and the overall environment. Sometimes, 
the freshwater stays on the top layer of 
the sea, and can spread out far and wide 
before dispersing into the sea. Other river 
plumes see the freshwater taking up the 
whole depth of the sea they are flowing 
into, and thus will have a very different 
set of features.

Watching the Sea Change

Along with a team of coastal researchers, 
Dr Alex Simpson from Scripps Institution 
of Oceanography, University of California 
San Diego, set about measuring and 
recording the complex interactions 
between river and ocean. The area they 
chose to study was where the Connecticut 
River and the salty water of Long Island 
Sound meet each other, in Connecticut, 

USA. Technically, the water in Long Island 
Sound is brackish, which means that it is 
less salty than the sea but more salty than 
fresh water. This area of water happens 
to have a particularly clear boundary, or 
‘front’, where the river water and the salty 
water meet, leading the team to choose 
it as an ideal place to study.

The nature of the environment at the river 
estuary means that there are a lot of data 
to consider. The amount of water running 
down (or flow of) the river, the ebb and 
flow of the tide in the sea, and the wind; 
all of these factors affect the state of play 
at any one time, making this a particularly 
complex task. What happens under the 
water will also affect what can be observed 
on the surface. 

The team was already aware that during 
ebb tides, as the sea moves back away 
from the coast, the boundaries between 
saltwater and freshwater river plumes 
often produce features which are called 
‘lobe and cleft instabilities’, which have 
been observed in many previous studies. 
These look like waves, which are formed 
due to the complex dynamics of the two 
types of fluid, saltwater and freshwater. 

BETWEEN THE RIVER AND 
THE DEEP BLUE SEA 
Despite living on a very watery planet, there is a lot we do not 
understand about rivers, seas and oceans. One particular zone 
of interest, the place where rivers and oceans meet, remains 
mysterious to scientists. Dr Alex Simpson, from Scripps Institution 
of Oceanography, University of California San Diego, has worked with 
a team of scientists to look more closely into the dynamics of what 
happens to fresh river water when it reaches the salty ocean, and how 
this can affect river estuaries and nearby coastal areas.
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Dr Simpson’s team wanted to find out more about the causes of 
these features, along with their size and how long they last. Once 
the dynamics are understood in greater detail, it is then possible 
to create models, which help scientists to predict what will happen 
in other scenarios. 

Dr Simpson and her team were keen to use remote sensing 
techniques, which include aerial cameras, marine radar, 
and satellite imagery to study this area of water, alongside 
measurements taken in situ, from boats on the water. This allowed 
them to build up a very detailed picture of the interaction between 
the salty and the fresh water in this area.

The first part of the study saw the team launching a drone with a 
video camera to collect high-quality video of the front where the 
salty water and the freshwater meet. The team were then able 
to analyse frames of the videos they had obtained, to precisely 
measure the size of the surface features. They also measured the 
speed at which the wave-like features propagated formed. This 
was tricky, as they had to make sure that they were not measuring 
the actual waves which naturally form on the surface of the sea. 
These waves are nothing to do with the features that form due to 
the interaction between the freshwater and the seawater but can 
look very similar.

The team also used drone footage to estimate the direction and 
speed of the surface currents of both bodies of water, and as such, 
to build up a more complete picture of the forces involved in the 
area of the river plume front. 

Rocking the Boat

The second part of the data collection undertaken by Dr Simpson 
and the team utilised a boat with a variety of sensing equipment 
so that they could cross the boundary between the waters. The 
purpose of this was to detect factors such as the speed the water 
was moving at different depths and the salinity of the water at 
several points. The boat crossed the front several times, going back 
and forth in both directions, to collect as much data as possible.

The data gained from the instruments on the boat enabled Dr 
Simpson and her team to build up a three-dimensional model of 
the complex boundary between river and sea, as they took their 
venture back to shore and started the work of analysing all the 
data they had.

On the Right Track

In the last part of the research project, Dr Simpson and the team 
used numerical modelling to shed more light on the features 
observed in the Connecticut River plume. This was partly to see 
if they could replicate (on a computer) the conditions they had 
detected in the water. If the computer model worked, this would 
help them predict the likelihood of the surface features occurring 
in any particular set of circumstances. 
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The team found that when they created a computer model of the 
water conditions in Long Island Sound, the computer predicted 
conditions and features which were broadly similar to those the 
team had observed during part one of the project. Understanding 
the complex dynamics of these unique areas of water is important, 
as river estuaries are the places where the land and the sea interact, 
and can therefore affect each other the most.

Making Waves 

More recently, Dr Simpson has been taking part in another 
experiment with a team at Scripps Institution of Oceanography. 
This unique experiment involves dyeing water from a small river 
pink, so that it can be traced and recorded as it releases into the 
ocean. Their rationale is that due to the small size of the river, 
the waves coming towards the shore from the sea might actually 
stop the river water from dispersing into the sea, and could force 
the fresh water to run along the coast on one or both sides of the 
river estuary. 

This could prove to be important in unfortunate cases such as the 
river getting polluted, as it would give environmentalists insight 
into where the pollution might end up, meaning they can respond 
more effectively and also warn people of any danger. It is also 
important in adding to our understanding of how smaller rivers 
interact with the oceans, since focus is usually directed towards 
larger, more attention-grabbing river estuaries. 

This is one of the first studies looking at the area where the sea, 
river, surf and coast all meet, and is an excellent example of joined-
up thinking. Such approaches are needed now more than ever 
if we are to solve the self-imposed environmental problems we 
now face. The project is still ongoing, but ultimately, will aid our 
understanding of the fate of freshwater and land-derived materials 
as the plumes enter the coastal ocean and the surf zone. 

The Coast is Clear

As our planet becomes increasingly destabilised by factors such 
as global heating and the huge changes we have caused, as a 
species, it is vital that scientists such as Dr Simpson continue 
their work to better understand how it all works. As the oceans 
warm up, and polar ice caps continue to melt, causing sea levels 
to rise, we will most likely see an increasingly large effect on our 
shorelines. Knowledge of the complex interactions such as those 
at river plumes will be critical as we work to confront the ongoing 
effects of our actions on planet Earth.
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