
Water quality issues influence human and environmental 

health. The more we monitor our water, the better we will 

be able to recognize and prevent problems.

GREAT BAY ESTUARY- WEATHER & WATER QUALITY
2024 Trends and Observations
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Fig 1. Water quality sampling locations include the
middle of Great Bay & major tributaries:
Squamscott, Lamprey, and Oyster Rivers. The
Weather Station is located in Greenland, NH.

The Great Bay National Estuarine Research
Reserve is one of 30 Reserves that participates in a
System-Wide Monitoring Program (SWMP) to monitor
weather and water quality in our nation’s estuaries.
• Our weather station (Fig 1) collects real-time

meteorological data every 15-minutes: air
temperature, relative humidity, wind direction and
speed, precipitation, barometric pressure, and
photosynthetically active radiation.

• Water quality sampling locations (Fig 1) are fitted
with a data-sonde instrument, which records water
temperature, salinity, dissolved oxygen (DO), pH,
chlorophyll a, and turbidity data every 15-minutes.
Lamprey River (LR) data is available in real time.

• Water quality sampling locations are also sampled
monthly to collect and analyze nutrient data:
chlorophyll a, nitrate, nitrite, ammonium, and
orthophosphate.



Precipitation and Salinity
Variability of climatic events is evident in Great
Bay as precipitation patterns swing from seasons of
surplus rain to drought (Fig 2). Winter of 2024 saw
a stark increase in precipitation, accumulating 20
inches, nearly double the average seasonal
precipitation. In contrast, rainfall decreased in the
summer and fall of 2024 from the previous year by
75% and 50%, respectively. Intra-annual variability
in precipitation would not be captured if not
separated out by season: from 2014-2022, there
was no significant change in annual precipitation
(p-value = 0.23).

Directly following the heavy freshwater
precipitation of winter 2024, salinity in the Great
Bay was low, around 14 ppt (Fig 3). During the
summer and through the fall, when precipitation
was limited, the salinity in the Bay increased,
exceeding historic daily averages. Both the low
salinity in the spring and high salinity in the
summer/fall represented the extreme ranges of
historic Bay salinity.
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Fig 2. Total precipitation measured in Greenland, 
NH from 2014-2024, by season. 

Fig 3. Salinity measurements recorded by the Great Bay 
water quality data-sonde. 

2024 Highlights
• Great Bay experienced heavy winter 

precipitation, followed by reduced summer and 
fall precipitation.

• Such seasonal fluctuations of precipitation 
impacted water quality: Great Bay salinity 
varied from extreme lows to extreme highs 
depending on freshwater input.

• Seasonal fluctuations of precipitation also 
impacted water nutrient content: ammonium, 
nitrate and nitrite, and dissolved organic 
phosphate similarly experienced low 
concentrations in Great Bay as precipitation 
decreased in the summer and fall. 

• Seasonal monitoring is critical to understand 
intra-annual changes in weather, water quality, 
and water nutrient concentrations, which may 
otherwise be obscured by annual averages. 

Fig 4. Summer drought in the Seacoast induced trees to 
senesce earlier than other parts of the state. 



Seasonal and Annual Nutrient Concentration Variability
Nutrients enter estuaries from natural freshwater runoff and from human input to streams (fertilizer run
off, industrial waste, sewage, etc.). Important water quality indicators like nitrogen and phosphorus are
necessary for plant growth and reproduction, but in excess can lead to eutrophication and even hypoxia
from algal overgrowth and die-off. In 2024, more extreme rainfall patterns impacted water quality and
nutrient contents in the Bay. Nutrient concentrations including ammonium (NH4), nitrite (NO2) and
nitrate (NO3), and dissolved organic phosphate (PO4) were elevated during the winter and spring,
coinciding with the snowiest and rainiest January-March in the past 10 years (Figure 5). In stark contrast,
during drought conditions in the late summer and fall, nutrients drastically decreased to levels often lower
than historic averages, except for a spike in October.

Fig 5. Nutrient data, collected in 2024 through both grab
sampling and diel auto-sampling methods at the Great Bay
water quality sampling site.

Take-aways
Weather in 2024 caused fluctuations in water
quality and nutrient content throughout the
seasons. In addition to comparing annual averages,
monitoring and analyzing continuous data is
important, especially as the ecosystem is enduring
stressors such as frequent precipitation fluctuations
and increasing water temperatures. Understanding
how weather and water quality in the Great Bay and
surrounding tributaries change on a seasonal— or
even monthly— basis will help inform the science
community about how these abiotic factors impact
the phenology and subsequent health of flora and
fauna. Further investigations are warranted to
explore interactions of SWMP data with the life
history of Great Bay inhabitants (i.e. eelgrass
growing season, oysters spawning timing, salt marsh
biomass peak, migratory fish runs, osprey chicks
fledging, and more).

Fig 6. Water nutrient content sampling at the Oyster River.
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Why Estuaries Matter

Coastal areas around
estuaries in the U.S.
supported 59 million jobs
and contributed 47% of
the nation’s gross
domestic product (GDP)
in 2021.

Estuaries protect coastal 
communities by reducing 
flooding and storm surge 
impacts, enhancing water 
quality, and providing 
commercial and 
recreational benefits.

Up to two-thirds of the 
nation’s commercial fish 
and shellfish spend some 
part of their life cycle in 
an estuary or depend on 
this resource for food.

Habitat types include 
shallow open waters, 
freshwater/salt marshes, 
swamps, sandy beaches, 
mud/sand flats, rocky 
shores, oyster reefs, 
mangrove forests, river 
deltas, tidal pools 
and seagrasses.

The NERRS is a partnership program between
NOAA and the coastal states to manage designated
reserves. More than 1.3 million acres of estuarine land
and water are protected. Each reserve is managed on a
daily basis by a lead state agency or university with
input from local partners. The health of every reserve
is continuously monitored by the System Wide
Monitoring Program (SWMP). SWMP is a robust,
long-term, and versatile monitoring program that
uses the NERRS network to intensively study
estuarine reference sites for evaluating ecosystem
function and change. Reserve-generated data and
information are available to local citizens and decision
makers. For more information, go to:

Tracking The Health of Our Estuaries  

https://coast.noaa.gov/nerrs/

NERRS is a network of 30 coastal reserves 
established for long-term

research, education and stewardship.

More Information…
For Educators

Access the System Wide Monitoring 
Program (SWMP) Graphing 

Application: 
https://coast.noaa.gov/estuaries/

science-data/

For Scientists
Access data at the 

Central Data Management Office 
(CDMO) website: 

http://www.nerrsdata.org/

Have Questions? 

[MANUAL EDIT NAME] - providing the 
science needed for today and tomorrow

Contact Chris Peter

Christopher.R.Peter@wildlife.nh.gov

(603) 294-0146

greatbay.org/science/monitoring

Great Bay 
NERR

Great Bay NERR – providing
the science needed for today
and tomorrow       
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