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Past and future deposition





With decreases 
in emissions 
there
have been 
decreases
in wet 
deposition and 
stream 
concentrations



Time 
65-77 77-82 82-87 87-92 92-97 97-02 02-07 07-12

C
a2+

 (m
m

ol
/m

2 -y
r)

-80

-60

-40

-20

0

20

40

60

80
Stream 
Biomass 
Deposition 
Weathering 
Net Soil Ca Depletion 

Sinks

Sources

Time-series of calcium mass balance





Biomass of
sugar maple 
has declined
substantially
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Hawley et al., UVM

Winter injury
of red spruce



CaSiO3 mining 9.6 µm

45 1 ton 
hoppers

1.5-4 mm

1028 kg Ca / ha water soluble binder

Wollastonite Addition: Hubbard Brook W1 1999
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Relative growth rate of major tree species in W6 (2007-2012)
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4.09 Red spruce is doing
well because winter
injury is diminished 
due to warmer 
winters and decreases 
in acid deposition

Growth of sugar maple
remains poor because
soil calcium is slow to
recover, due to 
inherently slow 
mineral weathering



Past and future deposition



Simulated stream and soil 
chemistry for watershed 6



Forest Ecosystem Response to Increases 
and Decreases in Acid Deposition

• Reversible (is any disturbance reversible?)
– Leaching of sulfate and nitrate
– Changes in pH, acid neutralizing capacity, and increases in dissolved 

inorganic aluminum
– Aquatic effects: decreases in diversity, loss of sensitive species 

and recovery (?)
– Terrestrial effects: red spruce due to deposition effects on foliage

• Irreversible (legacies)
– Depletion of available nutrient cations
– Loss of sugar maple
– Leaching of dissolved organic matter (browning)

• The HBR-LTER is supported by the NSF. Any opinions, findings, 
conclusions, or recommendations expressed in the material are those of 
the author(s) and do not necessarily reflect the views of the NSF.
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