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Resilience of New Hampshire’s 

Hydrology to Forest Harvesting

Mark Green

Center for the Environment - Plymouth State Univ., U.S.A.

Northern Research Station - U.S. Forest Service



Charlie Vörösmarty et al.’s

500-year challenge

To quantify the widespread alteration of 

hydrologic systems over local-to-regional 

domains focusing on the Northeast corridor 

of the United States over a 500-yr period 

(1600 to 2100).
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Photograph from the New Hampshire Historical Society collection



Modified and updated from Foster, D. R., and J. Aber, editors. 2004. Forests in time: the environmental

consequences of 1,000 years of change in New England. Yale University Press, New Haven, Connecticut



The Resilience Hypothesis



The Resilience Hypothesis

The major impacts of forest harvesting 

during and after European settlement had 

short-lived impacts and the change to the 

system’s hydrologic function may be very 

difficult to detect.



This hypothesis might seem contrary to the 

motivation behind the Weeks Act of 1911.

It was motivated by the idea that aggressive 

forest harvesting was altering hydrology to 

the detriment of navigable waters.



Report of the Forestry Commission of New Hampshire, 1891

“…all intelligent observers are aware that the water of 

a heavy shower descends a bare hillside much more 

rapidly than it does one of equal slope which is 

covered by a forest. Mountain forests retain the water 

which falls upon them in rain or snow, and distribute 

it slowly, the soil being held in place by the pervading 

mat or network of living roots, which prevents it from 

slipping down from the rocks when it is heavy with 

the great quantity of water which it absorbs.”



This talk will explore this hypothesis using 

historical monitoring data and hydrologic 

modeling informed by experiments. 

photo by Ben Kimball, from NH Division of Forests and Lands



Hydrological resilience is the ability of 

a catchment to absorb disturbance 

and maintain or quickly regain 

hydrologic function. 

Disturbance: an event that disrupts ecosystem structure and

resource allocation

Quickly: we need to study sites to understand ‘normal’

Hydrologic function: any flux or store in a forest water budget



Hydrologic Function

Natural Resources Canada



The Merrimack River Data 



The Merrimack River



Are there direct discharge measurements 

that we can use?

James B. Francis                  Locks and Canals Collection, Lowell National Historical Park



Locks and Canals Collection, Lowell National Historical Park, thanks to Jack Herlihy
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Precipitation from US Historical Climate Network

Hanover, NH
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Forest data from the U.S. agricultural census

Counties clipped to Merrimack Watershed



Can we explain such relative insensitivity of 

runoff to regional reforestation?
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I tested a toy model to see how a large-scale 

watershed would respond to forest harvesting.



Each grid cell is randomly assigned a forest 

harvest intensity and year of harvest. The 

annual runoff is assigned to all grid cells, but 

can vary from year-to-year.



Forest harvest intensity
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Synchrony of harvesting
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Inter-annual variability masks scenarios of 

asynchronous, full harvest intensity.
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Bloschl et al. 2007



The Weeks Act, 1911



Image from PSNH archive



The Amoskeag Manufacturing Co., Manchester, New 

Hampshire: A History. 1915. George Waldo Browne.

“A warm rainstorm which prevailed throughout the greater 

portion of New England, and was especially severe in the 

Merrimack valley, began about noon Saturday, February 28, 

1896. The rainfall continued with unceasing volume through 

Saturday afternoon and night, Sunday and Sunday night, and 

Monday morning, lasting for almost forty hours and then turned 

to snow. There was considerable snow on the ground at the 

beginning, and this had been quickly melted by the warm rain, 

which soon converted the brooks into rivers and the rivers into 

raging torrents.” 



The social dynamics of the Weeks Act

Winslow Homer, Artists Sketching in the White Mountains, 1868.

Portland Museum of Art, Bequest of Charles Shipman Payson, 1988.55.4



Conclusions

• Resilience hypothesis cannot be rejected 

based on analysis of the recovery time of 

annual runoff. NH watersheds have been 

resilient.

• Climate is the driver of annual runoff and 

this is clear in the long term records.



These forest may look different, but 

they have similar hydrologic function.



Looking forward…

• Maintaining that resilience should be our 

focus; don’t take the system for granted.

• Longer lasting legacies arise from system 

structural changes: geomorphology and 

new vegetation species.
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