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The quality of drinking water in rivers, lakes and reservoirs depends substantially
on protecting the healthy function of the fine branches of headwater streams. Forests
significantly help protect these streams and preserve drinking water quality in watersheds
by performing a number of ecosystem services. moderating stream flow and flooding,
controlling surface runoff and erosion, buffering against pollutants, and preventing
sedimentation and eutrophication of waterways. Forests provide two-thirds of the
drinking water in the United States, though they cover only athird of the land (Dombeck
2002). The critical role that forests play in water quality protection has been widely
recognized; however, legal protection for upland forests surrounding headwater streams
in the northeastern United Statesis still largely lacking. The rate of urban devel opment
within nonfederal forest land hasincreased (Alig et al. 2003), along with the replacement
of trees with impervious surfaces (e.g. roofs, roads) that ater watershed hydrology and
degrade waterways. The increase of impervious surfaces on forest land will continue as
long as society places a higher value on suburban and urban development than on the
ecosystem services of intact forests. In this summary report we briefly review the
functions of forestsin preserving and improving water quality. We provide further detail
and discussion of the influence of forests on surface runoff, erosion, floods, droughts,
pollutants, sedimentation and eutrophication in Wilder and Kiviat (2008). Here we
discuss the potentia impacts of urbanization on the water supply of the Croton
watershed, focusing primarily on the effects of impervious surfaces on phosphorus
loading and stream degradation. The goal of this synthesisisto highlight the benefits of
intact forests and the effects of impervious surfaces in watersheds, so that these issues
may be considered in light of increasing urbanization pressure.

Healthy forests preserve water quality by 1) slowing runoff, thus reducing floods,
erosion, and sedimentation of rivers and reservoirs, and by 2) promoting infiltration of
water into the soil, where it recharges groundwater and is purified by a number of biotic
and abiotic processes. Excess surface runoff moves unchecked quantities of pollutants
into streams and increases the volume and velocity of waterways, causing bank erosion
and sedimentation of water bodies (Bormann et al. 1974, Arnold and Gibbons 1996,
Trimble 1997, Gaister et a. 2006, McHale et a. 2008). Trees, shrubs and litter provide
mechanical obstruction that slows surface runoff and its accumulation in stream channels,
the canopy, litter and roots shield and stabilize upland soil from erosion caused by runoff,
wind and the erosive energy of raindrops (Kittredge 1948).

Forests have highly modified soils that promote infiltration of water, thereby
reducing surface runoff. Organic matter, roots and soil fauna maintain the porosity and
permeability of the forest floor, and evapotranspiration keeps soil unsaturated (Kittredge
1948, de la Cretaz and Barten 2007). The high infiltration capacity of forest soil enables
the movement of water to depths where microbial, macrophytic and soil chemical
processes filter pollutants (Magill et al. 1997, Casey and Klaine 2001, McHale et a.
2008, Tervahauta et a. in press). Infiltration and subsurface flow are mechanisms by
which groundwater is recharged and streamflow is sustained through the dry season
(Heisig 2000, de la Cretaz and Barten 2007).

The rates of infiltration, water retention and surface runoff generation of forest
soils depend on forest maturity and type, and on the physical characteristics of the
watershed. Not surprisingly, water yields tend to be higher from newly harvested and
clearcut forests. As Dr. Mike Dombeck, former Forest Service chief, describes, “it is a bit



like the difference between a woodlot and a parking lot” (Dombeck 2002). Harvest
experiments at Hubbard Brook Experimental Forest in New Hampshire initially resulted
in higher water yield in streams, in conjunction with increased flow variability, erosion,
sedimentation, eutrophication and algal blooms (Likens et al. 1970, Bormann et al. 1974).
Within 10 years, however, water yield dropped to below pretreatment yields as young
vegetation established, consistent with the findings of other studies in northeastern forests
(Hornbeck et a. 1995). Harvesting can be followed by changes in tree species
composition that further decrease overall water yield. Transpiration from forests
composed of pioneer species, such as birch and cherry, may be greater than from mature,
undisturbed forests, thereby decreasing water available for export by streams. Harvesting
can a so change nutrient cycling dynamics, as young forests may consume more nutrients
and prevent their deposition into streams. Research has generally confirmed the idea that
intact, mature forests (dominated by mature trees 30 cm or larger in diameter at breast
height) are best at producing the purest water most consistently. In addition, intact forests
are better able to resist potential biological disturbances, for example, invasion by exotic
plants and earthworms, and excessive grazing by overabundant deer (Luken and
Goessling 1995, Cadenasso and Pickett 2001, Hunter and Mattice 2002). Exotic plants
may outcompete native species, deer denude and kill trees and shrubs, and earthworms
may potentially modify the litter layer that protects the forest floor from erosion (Pelletier
2001, Lawrence et a. 2003). These biological disturbances, in turn, can have
repercussions on water quality by changing the influences the forest features have on
watershed hydrology.

Models have been devel oped to predict hydrological dynamics based on physical
characteristics like precipitation, slope, depth to bedrock, and soil permeability (Dvorak
1960, Beven and Kirby 1979, Frankenberger et al. 1999, Moffett et al. 2003, Gorsevski et
al. 2008). For example, surface runoff can be estimated by precipitation, soil
permeability, slope, and specific soil condition variables (Dvorak 1960). Areas of less
permeable, shallow soils on steep slopes tend to contribute more runoff to surface water
bodies than regions with deeper, more permeable soil and gentler slopes. Soils throughout
the Croton watershed are generally well-drained; however, they are very shallow in the
northern part of the watershed which lies on the Hudson Highlands (Cline 1963, Cadwell
et a. 1989). Moffett et al. (2003) used Geographic Information System (GIS) and spatial
datato model therisk of pollutant transmission to surface water bodies in the Croton
watershed based on land use, soil and slope data, identifying a number of sub-basins with
likely impaired water quality. Gorsevski et a. (2008) incorporated vegetation parameters
into a hydrological model along with precipitation, slope, depth to bedrock, and soil
permeability, and found that regenerated and clearcut areas produced more surface runoff
than mature forested areas.

Examining the physical characteristics of watersheds may help determine
hydrologically sensitive locations, i.e., areas that have the potential to generate large
amounts of surface runoff; however, stream and water quality degradation are most often
aresult of land use changes. When forests are removed and replaced by impervious
surfaces, for example, roads, parking areas and roofs in addition to compacted residential
and recreational turf, water quality degradation occurs as a result of hydrological changes
and increased pollution. Impervious surface coverage has been recognized as an accurate
predictor of stream health, with many studies showing strong correl ations between the



degree of impervious coverage in awatershed and the health of its receiving stream
(Klein 1979, Griffin 1980, Schueler 1987, Todd 1989, Schueler 1992, Booth and Reinfelt
1993, Schueler 1994, Arnold and Gibbons 1996). A study in the Croton watershed
reported that a small (0.38 km?), undeveloped catchment received 33060 liters (L) of
water in the form of precipitation from August 2001 to August 2002 (Burns et a. 2005).
On average, in an undeveloped watershed, 50% of rainfall enters the soil asinfiltration,
40% is released to the air by evapotranspiration, and 10% travels as surface runoff

(NY SDEC 1992). Assuming this hydrological scenario, approximately 16530 L of
precipitation infiltrated into the soil and 3306 L were converted to surface runoff. If 10 -
20% of the same watershed were covered with impervious surface, infiltration would be
reduced to nearly 40% (13224 L) and surface runoff increased to 20% (6612 L

(NY SDEC 1992). In the Croton watershed, Burns et a. (2005) studied the effects of
suburban development on runoff by comparing headwater catchments with variable
amounts of impervious surface. They found that waterway peak discharge increased with
increasing urbanization, and was three times higher in a catchment with 11% impervious
surface compared to an undevel oped catchment (Burns et al. 2005).

Impervious surfaces prevent infiltration of precipitation and attenuation of
pollutants by forest soil, and provide rapid transport of contaminated water to waterways.
Inputs of pollutants from the intensive land use associated with imperviousness,
exacerbated by the loss of the buffering capacity of forests, lead to an increase in
contamination of receiving waters with suspended solids, excess nutrients, organic
matter, heavy metals, pathogens and other pollutants. Heavy runoff islargely responsible
for streambank erosion and the input of suspended solids in urban watersheds which
harm aquatic organisms (Trimble 1997). Excess organic matter in surface runoff depletes
dissolved oxygen in water bodies as it decomposes, and the addition of chlorine
disinfectant to water high in organic matter can form carcinogenic trihalomethanes and
hal oacetic acids (Weisel et al. 1999). Deicing salts from roads and parking lots harm
many aquatic organisms and affect the mixing cycle of lakes. Trash and debris, heavy
metals, bacteria, petroleum hydrocarbons (including polycyclic aromatic hydrocarbons),
and pesticides are also common contaminants of urban stormwater runoff. Excess
nutrients, especially phosphorus and nitrogen, lead to eutrophication of streams, lakes,
rivers and estuaries (CWP 2003). In a Connecticut watershed, researchers found that
surface runoff and the pollutants phosphorus and nitrogen increased exponentially with
impervious surface in traditional urban developments (Dietz and Clausen 2008). Streams
from catchments with residential development in the Croton watershed had elevated
levels of sodium, chloride, boron, sulfate, nitrate, ammonium and total phosphorus
(Heisig 2000).

Phosphorus is considered particularly harmful to drinking water quality, asit is
the limiting nutrient for algal growth in most New Y ork State lakes, and is of particular
concern in the New York City reservoir system (NY SDEC 1992). Algal blooms bring
about water quality problems such as decreased water clarity, large daily swingsin
dissolved oxygen, offensive odors and fish kills. In urban and suburban settings
phosphorus may come from detergents, fertilizers, flame retardants, corrosion inhibitors,
plasticizers, sediment and soil-disturbance (CWP 2003). The New Y ork State Department
of Environmental Conservation (NY SDEC) set stringent limits for phosphorusin
reservoirs used as direct sources of drinking water for New Y ork City in the Croton



watershed, with atotal maximum daily load (TMDL) based on a 15 micrograms per liter
(ng L) phosphorus objective. This objective amounts to a phosphorus loading rate
(including the regulated margin of safety) of 0.58 kilograms per hectare per year (kg ha*
yr), 0.11 kg ha* yr* and 0.74 kg ha* yr™* for the drainage basin areas of New Croton,
Cross River and Croton Falls reservairs, respectively (NY SDEC 2000). The phosphorus
loading rate for undeveloped forest land near the Croton watershed ranges from 0.05 kg
ha' yr (Dillon and Kirchner 1975, Schaffner and Oglesby 1978, Moffett et al. 2003,
Withers and Jarvie 2008); however, for residential development with 12% impervious
surface, therateis 0.9 kg ha* yr* (NY SDEC 1992). Thus approximately 18 times more
phosphorusis released from residential developments than from forested land of equal
area. Enhanced stormwater treatment regulations have been promulgated, designed to
remove 60% of phosphorus from at least 85% of stormwater runoff volume (NY SDEC
2008). These practices would reduce the phosphorus loading rate from residential

devel opments with 12% imperviousness to approximately 0.44 kg ha* yr if treatments
are properly implemented, maintained and strictly enforced. Nonetheless, if residential
development were to reach 12% impervious surface coverage at the watershed level,
loading rates would theoretically exceed TMDL standards in the Cross River reservoir,
and approach the New Croton reservoir TMDL. The achievement of TMDL standards
within New Croton reservoir relies heavily on local enforcement and proper function of
recently-promul gated regulations which are based on simulation modeling and have had
little time for testing on the ground.

Schueler (1992) studied the relationship of imperviousness and declining stream
health, and identified thresholds at which waterway degradation occurs. Although
thresholds are often controversial, studies of a number of stream health indicators (such
as pollutant loads, streambank erosion and aguatic species diversity) in geographically
and geologically diverse watersheds have shown the thresholds to be robust. In particular,
Schueler’'s (1994) review of a number of watershed studies confirmed that stream
degradation consistently occurs when catchments reach between 10 and 20%
imperviousness (Schueler 1994, Arnold and Gibbons 1996, NRC 2008). The low level of
impervious coverage associated with stream degradation poses a difficult challenge in
managing for water quality. A number of steps has been proposed to minimize stream
degradation and pollutant loading, for example, detention ponds, large-lot zoning, and
low-impact development techniques (NY SDEC 1992, CSN 2008, Dietz and Clausen
2008). However, planning responses are hindered by the fact that most developments
produce more than 10% impervious coverage (Cappiella and Brown 2001), and the
associated hydrological changes and pollutant loading rates may be dramatic. In addition,
at higher levels of imperviousness, the size and complexity of the treatment methods
increase, entailing higher costs, more maintenance and more space. Forests provide
similar services but at no cost, with no maintenance or impact on the land. The
construction phase of development in particular causes large-scal e soil disturbance and
erosion (Krenitsky et al. 1998), and most zoning codes curtail the opportunities for better
site design and low impact devel opment practices by requiring excessive impervious
cover for such amenities as roads and raised curbs, leading to the needs for pipe and pond
treatment scenarios. A water quality risk assessment model predicted that the relatively
undevel oped northeastern portion of the Croton watershed would experience the greatest
increase in water quality impairment if it is built-out to its current zoning allowance



(Moffett et al. 2003). We believe the quality of the New Y ork City watersheds warrants
consideration of impervious coverage caps, and a return to land management policies that
promote the long-term health of forests and the water they produce. Conserving the
guantity and quality of forestsin the watershed will also protect many other ecosystem
services including habitat functions for rare and common species, carbon sequestration,
microclimatic buffering, reduction of anthropogenic noise, and maintenance of air
quality.



Summary:

Forests are critical for producing and purifying the nation’s water supply, yet few
laws protect them from urban development. Forests protect waterways and produce clean
water by controlling surface runoff, flooding and erosion, and promoting infiltration of
water into forest soils, whereit is purified by biotic and abiotic processes. Mature forests
have the most consistent water yields and are best at moderating flow and controlling
surface runoff. A number of physical factors affects the rates of infiltration and surface
runoff such as soil permeability, soil depth, and slope. The replacement of forested areas
with impervious surfaces increases runoff, prevents infiltration, and leads to elevated
levels of phosphorus loading and eutrophication of waterways. Studies have shown
impervious surface coverage to be strongly negatively correlated with water quality, with
stream degradation occurring at low levels (10 — 20%) of watershed imperviousness.
Phosphorus pollution, the primary cause of algal bloomsin New Y ork lakes, may exceed
total maximum daily load limits set by New Y ork State in some reservoirsiif residential
impervious surfaces exceed 10 percent.
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Appendix |- Glossary of terms

Abiotic: having to do with the non-living factors of the environment, such aslight,
temperature, precipitation and soil chemistry

Biotic: having to do with the living organisms of an ecosystem
Catchment: anatural drainage area

Eutrophication: the effects of the abundant accumulation of nutrients that support a dense
growth of algae and other undesirable organisms

Evapotranspiration: the combined processes of evaporation and transpiration (water
vapor loss from plants) to the atmosphere

Hydrology: study of the properties, distribution, and circulation of water on and below
the earth's surface and in the atmosphere

Impervious Surface: roofs, roads, parking lots, pavement, and other structures formed by
water-resistant material, or compacted soil

Infiltration: the seepage of water into soil

Limiting Nutrient: a particular nutrient whose supplies are exhausted in the environment
before other required nutrients

Macrophytic: having to do with macroscopic plants

Phosphorus Loading Rate: quantity of phosphorus entering awaterway in a given period
of time

Pollutant Attenuation: the reduction of particular pollutants by uptake, degradation,
trapping, and physical and chemical adsorption

Sedimentation: the deposition of suspended solids in waterways and waterbodies

Total Maximum Daily Load (TMDL): the maximum amount of pollution that a
waterbody can assimilate without violating state water quality standards
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