
New Hampshire’s Changing Climate, Land Cover, and Ecosystems
In estuaries, nitrogen pollution generally promotes algae growth and decay, depletes the 
water’s oxygen supply, and can cause a severe reduction in the quality of coastal waters. 
Humans input nitrogen to water bodies from, for example, direct discharge from waste 
water treatment plants and excess fertilizer application. Fluxes of dissolved inorganic 
nitrogen (DIN, the most biochemically active form of nitrogen) and retention capacities of 
New Hampshire watersheds were simulated for the remainder of the century based on 
projected changes in climate and land cover.

NITROGEN FLUX
WHAT HAVE WE SEEN SINCE 1995 FOR THE 
LAMPREY AND COCHECO RIVERS?

• Fluxes reaching the Great Bay from the 
Lamprey and Cocheco watersheds average  
110 and 324 kg DIN km-2 y-1, respectively (similar 
to measured values from Wood and Trowbridge 
2014)

WHAT CAN WE EXPECT?

• The future flux of DIN to water bodies depends 
on a complex balance between supply and 
demand. Demand is influenced by forest growth 
(older forest grows less resulting in less nitrogen 
demand). Supply is influenced by human 
nitrogen inputs and soil nitrogen cycling, which 
accelerates in warmer temperatures

• In the low emission scenario (moderate temperature 
increase), there is little change in DIN flux from 
watersheds. In the high emission scenario (much warmer 
temperatures), the DIN flux from watersheds increases by 
25% and 45% by the end of the century

• Increased land development increases late-century 
DIN flux from the watersheds 30% for the low emission 
scenario (moderate temperature increase) and 60% for 
the high emission scenario (much warmer temperatures)

THE VALUE OF NITROGEN RETENTION
For the Great Bay watershed, the value of retaining  
total nitrogen in the watershed was compared across  
land cover scenarios.
• Focusing development in existing developed areas and 

reducing forest land conversion could prevent 3–28 tons 
of total nitrogen per year from entering the Great Bay 
from contributing watersheds

• Reduction of 28 tons of total nitrogen is roughly 
equivalent to upgrading Newmarket’s wastewater 
treatment plant

• Natural processes of total nitrogen retention in Great Bay 
watersheds may be worth between $10 and $50 million 
over the next ten years

• Investment in wastewater treatment plants is necessary, 
even under a conservation-focused future

FACT SHEET 7: NITROGEN TO OUR ESTUARIES
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ACCESS TO DATA:  Watershed nitrogen flux for multiple climate and land cover scenarios covering the time period 1995-2099 is available 
on the NH EPSCoR Data Discovery Center: ddc.unh.edu.

CONTACTS:    Nitrogen Flux: Wil Wolheim, (603) 862-5022; wil.wollheim@unh.edu
 Value of Nitrogen Retention: Shannon Rogers, shrogers@plymouth.edu

NOTES

METHODS: Fluxes of DIN were simulated for New Hampshire streams 
and rivers using a linked terrestrial – aquatic model (PnET-FrAMES) 
and tested against  current conditions using a network of sensors 
(High Intensity Aquatic Network, LoVoTECS) and predicted for the 
remainder of the century using projected changes in climate and 
land use. The value of nitrogen retention was calculated using a 
geographic information system based ecosystem service valuation 
tool (InVEST). Costs associated with the removal capacity of streams 
were estimated using values from NHDES (2010).

MODEL: Existing forest (PnET-CN) and aquatic (FrAMES) models were 
coupled to provide estimates of environmental conditions under 
different climate and land cover scenarios (Samal, in review). PnET-CN 
(Photosynthetic EvapoTranspiration model with Carbon and Nitrogen) 
simulates forest water, carbon, and nitrogen dynamics (Aber, Ollinger, 
Zhou). FrAMES (Framework for Aquatic Modeling in the Earth System) 
is a gridded model that represents land cover and land use to 
simulate runoff and nitrogen dynamics through watersheds (Stewart, 
2013). PnET-FrAMES represented the Merrimack and Piscataqua River 
Watersheds with a grid resolution of 1.5 km2.

CONTEMPORARY VALIDATION: Testing of PnET-FrAMES under 
recent historical conditions used climate from NASA Modern Era-
Retrospective Analysis for Research and Applications (MERRA) for 
the period of 1980-2014 (Rienecker). Output corresponded well with 
station (gage) measurements for discharge (U.S. Geological Survey - 
USGS), and nitrogen (as nitrate; High Intensity Aquatic Network).

LAND USE DATA: Two scenarios encompass the widest divergence in 
land-cover change: present-day land cover and Backyard Amenities, 
which prioritizes large building lots and increases impervious areas 
dramatically. More info at: ddc-landcover.sr.unh.edu.

FUTURE CLIMATE DATA: Future climate projections used statistically 
downscaled climate simulations derived from the Geophysical Fluid 
Dynamics Laboratory CM2.1 model (Hayhoe 2007). Two scenarios 
represent a wide range of potential future climate: lower emission (B1, 
550 ppm CO2 by 2100) and higher CO2 emission (A1FI, 970 ppm CO2 
by 2100).
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