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A Revised Logistic Regression Equation and an
Automated Procedure for Mapping the Probability of a
Stream Flowing Perennially in Massachusetts

By Gardner C. Bent and Peter A. Steeves

Abstract

A revised logistic regression equation and an automated
procedure were developed for mapping the probability of
a stream flowing perennially in Massachusetts. The equa-
tion provides city and town conservation commissions and
the Massachusetts Department of Environmental Protection
a method for assessing whether streams are intermittent or
perennial at a specific site in Massachusetts by estimating
the probability of a stream flowing perennially at that site.
This information could assist the environmental agencies
who administer the Commonwealth of Massachusetts Rivers
Protection Act of 1996, which establishes a 200-foot-wide
protected riverfront area extending from the mean annual
high-water line along each side of a perennial stream, with
exceptions for some urban areas. The equation was developed
by relating the observed intermittent or perennial status of a
stream site to selected basin characteristics of naturally flow-
ing streams (defined as having no regulation by dams, sur-
face-water withdrawals, ground-water withdrawals, diversion,
wastewater discharge, and so forth) in Massachusetts. This
revised equation differs from the equation developed in a pre-
vious U.S. Geological Survey study in that it is solely based
on visual observations of the intermittent or perennial status of
stream sites across Massachusetts and on the evaluation of sev-
eral additional basin and land-use characteristics as potential
explanatory variables in the logistic regression analysis. The
revised equation estimated more accurately the intermittent or
perennial status of the observed stream sites than the equation
from the previous study.

Stream sites used in the analysis were identified as
intermittent or perennial based on visual observation dur-
ing low-flow periods from late July through early September
2001. The database of intermittent and perennial streams
included a total of 351 naturally flowing (no regulation) sites,
of which 85 were observed to be intermittent and 266 peren-
nial. Stream sites included in the database had drainage areas
that ranged from 0.04 to 10.96 square miles. Of the 66 stream
sites with drainage areas greater than 2.00 square miles, 2 sites
were intermittent and 64 sites were perennial. Thus, stream

sites with drainage areas greater than 2.00 square miles were
assumed to flow perennially, and the database used to develop
the logistic regression equation included only those stream
sites with drainage areas less than 2.00 square miles. The
database for the equation included 285 stream sites that had
drainage areas less than 2.00 square miles, of which 83 sites
were intermittent and 202 sites were perennial.

Results of the logistic regression analysis indicate that the
probability of a stream flowing perennially at a specific site in
Massachusetts can be estimated as a function of four explana-
tory variables: (1) drainage area (natural logarithm), (2) areal
percentage of sand and gravel deposits, (3) areal percentage
of forest land, and (4) region of the state (eastern region or
western region). Although the equation provides an objec-
tive means of determining the probability of a stream flowing
perennially at a specific site, the reliability of the equation is
constrained by the data used in its development. The equa-
tion is not recommended for (1) losing stream reaches or
(2) streams whose ground-water contributing areas do not
coincide with their surface-water drainage areas, such as many
streams draining the Southeast Coastal Region—the southern
part of the South Coastal Basin, the eastern part of the Buz-
zards Bay Basin, and the entire area of the Cape Cod and the
Islands Basins. If the equation were used on a regulated stream
site, the estimated intermittent or perennial status would
reflect the natural flow conditions for that site.

An automated mapping procedure was developed to
determine the intermittent or perennial status of stream sites
along reaches throughout a basin. The procedure delineates
the drainage area boundaries, determines values for the four
explanatory variables, and solves the equation for estimating
the probability of a stream flowing perennially at two locations
on a headwater (first-order) stream reach—one near its conflu-
ence or end point and one near its headwaters or start point.
The automated procedure then determines the intermittent
or perennial status of the reach on the basis of the calculated
probability values and a probability cutpoint (a stream is con-
sidered to flow perennially at a cutpoint of 0.56 or greater for
this study) for the two locations or continues to loop upstream
or downstream between locations less than and greater than
the cutpoint of 0.56 to determine the transition point from an
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intermittent to a perennial stream. If the first-order stream
reach is determined to be intermittent, the procedure moves to
the next downstream reach and repeats the same process. The
automated procedure then moves to the next first-order stream
and repeats the process until the entire basin is mapped.

A map of the intermittent and perennial stream reaches
in the Shawsheen River Basin is provided on a CD-ROM
that accompanies this report. The CD-ROM also contains
ArcReader 9.0, a freeware product, that allows a user to zoom
in and out, set a scale, pan, turn on and off map layers (such
as a USGS topographic map), and print a map of the stream
site with a scale bar. Maps of the intermittent and perennial
stream reaches in Massachusetts will provide city and town
conservation commissions and the Massachusetts Department
of Environmental Protection with an additional method for
assessing the intermittent or perennial status of stream sites.

Introduction

The Commonwealth of Massachusetts Rivers Protection
Act, Chapter 258 of the Acts of 1996 (The Commonwealth
of Massachusetts, 1996), specifies that riverfront areas be
protected on all rivers that flow perennially. The riverfront area
is defined in 310 Code of Massachusetts Regulations (CMR)
10.58(2)(a) (hereafter referred to as the Regulations) (Massa-
chusetts Department of Environmental Protection, 2002a,

p- 393-402) as the 200-ft-wide area extending along the length
of each side of perennial streams from the mean annual high-
water line (determined from bankfull field indicators) on each
side of perennial streams. Exceptions to the Regulations are
provided for some urban areas. Streams that do not flow year
round, intermittent streams, have no jurisdictional riverfront
area along the stream. City or town conservation commissions
are charged with administering the Regulations by determin-
ing the intermittent or perennial status of a stream site and

by regulating work in the riverfront areas. The Massachusetts
Department of Environmental Protection (MDEP) addresses
appeals of decisions made by city or town conservation com-
missions concerning the intermittent or perennial status of
stream sites. The logistic regression equation provides these
agencies with an additional method for assessing the status of
stream sites in Massachusetts.

The Regulations define a river as any natural flowing
body of water that discharges into an ocean, lake, pond, or
another river, and which flows throughout the year (Massachu-
setts Department of Environmental Protection, 2002a, p. 394).
By this definition, perennial streams are rivers, but intermittent
streams are not. When an intermittent stream is not flowing,
surface water may be present in isolated pools or be absent.
Rivers start at the point where an intermittent stream becomes
perennial or at the point where a stream flows perennially
from a spring, pond, or lake.

The revised Regulations of December 20, 2002 (Massa-
chusetts Department of Environmental Protection, 2002b,

p- 317-320; Massachusetts Department of Environmental
Protection, 2002a, p. 394-395), specify that U.S. Geologi-

cal Survey (USGS) topographic maps, or more recent maps
provided by MDEP, will continue to be used for initial review
of the intermittent or perennial status of a stream. Streams
depicted as perennial on USGS topographic maps or more
recent maps provided by MDEP will be classified as perennial.
A stream site depicted as perennial, however, can be reclassi-
fied as intermittent with direct observations of no flow during
any four days of any consecutive 12-month period. These
observations cannot be made during a period of extended
drought or on a stream measurably affected by withdrawals,
impoundments, or other anthropogenic flow reductions or
diversions. The definition of “extended drought” was amended
to include the time periods during which the Massachusetts
Drought Management Task Force declared an index level of
“advisory, watch, warning, or emergency” (Massachusetts
Executive Office of Environmental Affairs and Massachusetts
Emergency Management Agency, 2001).

The revised Regulations state that streams depicted as
intermittent, or those not shown as a stream on USGS topo-
graphic maps or more recent maps provided by MDEP, will
be mainly classified on the basis of the drainage area size
upstream from the stream site. If an intermittent stream site’s
upstream drainage area is greater than or equal to 1.00 mi?, the
stream site will be classified as perennial. If an intermittent
stream site’s upstream drainage area is less than 0.50 mi?, the
stream site will be classified as intermittent. If an intermittent
stream site’s upstream drainage area is greater than or equal to
0.50 mi? and less than 1.00 mi?, the stream site will be classi-
fied intermittent, with two exceptions. First, if the 99-percent
flow duration estimated from low-flow statistics regression
equations by the World Wide Web application STREAM-
STATS! (Ries and others, 2000) at the stream site is greater
than or equal to 0.01 ft*/s, then the stream will be classified as
perennial. Second, if the streamflow at the stream site cannot
be estimated with STREAMSTATS (the stream is not shown
on a USGS topographic map; or the stream is in the Buzzards
Bay Basin, Cape Cod Basin, Islands Basin, North Coastal
Basin, or Taunton River Basin) (fig. 1) and more than 75 per-
cent of the drainage area comprises stratified deposits, then the
stream will be classified as perennial.

In a previous study, Bent and Archfield (2002) developed
a logistic regression equation for estimating the probability of
a stream flowing perennially in Massachusetts. The equation
was developed by relating the intermittent or perennial classi-
fication of a site on a naturally flowing stream (no regulations
by dams, surface-water withdrawals, ground-water withdraw-
als, diversion, wastewater discharge, and so forth) to selected

" STREAMSTATS is a World Wide Web application that allows a user
to estimate low-flow statistics for Massachusetts streams. The application
allows a user to select a site on a stream. Then the application determines the
drainage-basin boundary and basin characteristics (explanatory variables) for
the selected site, and solves a number of regression equations for selected
low-flow statistics. For more information on STREAMSTATS, please see Ries
and others (2000).
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basin characteristics (drainage area, drainage density, areal
percentage of stratified-drift deposits, and mean basin slope)
and a location identifier (South Coastal Basin or the remain-
der of the state) (fig. 1). Stream sites used in the analysis data
set were classified as intermittent or perennial on the basis of
review of historical streamflow measurements at USGS data-
collection sites throughout the state and on visual observa-
tion of sites in the South Coastal Basin, southeastern Mas-
sachusetts. Because of the limitations with this data set, Bent
and Archfield (2002) suggested that the equation might be
improved through visual observations at stream sites through-
out the state. Additionally, they suggested that the equation
might be improved by testing additional basin characteristics
as potential explanatory variables in the analysis. Thus, the
USGS, in cooperation with the MDEDP, did a study in 2001-02
to develop a revised logistic regression equation to estimate
the probability of a stream flowing perennially in Massa-
chusetts more accurately and to test an automated procedure
to map the intermittent and perennial stream reaches in the
Shawsheen River Basin, northeastern Massachusetts (fig. 1).

Purpose and Scope

The development and application of a revised logistic
regression equation to estimate the probability of a stream
flowing perennially at a specific site with a drainage area
less than or equal to 2.00 mi® in Massachusetts are described
in the first part of this report. The equation is based on field
observations throughout the state, except on Cape Cod and the
Islands, during late July through early September 2001. Basin
characteristics used in the analysis and digital data layers are
described. Limitations of the logistic regression are discussed
and areas for further study are presented. An automated pro-
cedure for mapping intermittent and perennial stream reaches
is described in the second part of this report. The procedure
works in conjunction with the logistic regression equation. An
application of this procedure for the Shawsheen River Basin in
northeastern Massachusetts is given on the CD-ROM.

Definitions of Intermittent and Perennial
Streams

Langbein and Iseri (1960) defined intermittent and peren-
nial streams as follows: “Intermittent or seasonal—one which
flows only at certain times of the year when it receives water
from springs or from surface sources such as melting snow
in mountainous areas. Perennial—one which flows continu-
ously.” Meinzer’s (1923) definitions of intermittent and peren-
nial streams add more specific details to the definitions by
Langbein and Iseri (1960).

A spring-fed intermittent, or stretch of a stream, is
one that flows only at certain times when it receives
water from springs. The intermittent character of
streams is generally due to fluctuations in the water

table whereby the stream channel stands a part of
time below and at part of the time above the water
table. This is the ordinary type of intermittent
stream. Perennial streams are generally fed in part
by springs, and their upper surfaces generally stand
lower than the water table in the localities through
which they flow.

Several states, including Massachusetts, base regulations
on a stream’s ephemeral (a stream that flows in direct response
to precipitation and whose channel is at all times above the
water table), intermittent, or perennial status. For example,
Paybins (2003) reports that, in West Virginia, valley-fill mate-
rial from surface mining of coal generally can only be placed
in ephemeral streams and not within 100 ft of intermittent and
perennial streams, according to a U.S. District court’s inter-
pretation of Surface Mining Control and Reclamation Act and
Clean Water Act Regulations. The state of Connecticut uses
the USGS topographic maps’ depiction of intermittent and
perennial streams in decisions related to wellhead protection
areas (C.R. Fitting, Connecticut Department of Environmen-
tal Protection, written commun., 2003). The North Carolina
Water-Supply Protection Act instituted 30- and 100-ft buffers
for low- and high-density development, respectively, along
both sides of perennial streams in basins with water-supply
withdrawals (North Carolina Department of Environment and
Natural Resources, Division of Water Quality, Water Sup-
ply Protection Program, 2004). Fairfax County, Virginia is
instituting 100-ft buffers along both sides of perennial streams
as Resource Protection Areas required by the Chesapeake Bay
Preservation Area Designation and Management Regulations
(Virginia Department of Conservation and Recreation Chesa-
peake Bay Local Assistance, 2002). In some cases, the
Regulations are based upon a stream’s intermittent or peren-
nial status as depicted on USGS topographic maps. Leopold
(1994, p. 227-230) states that the depiction of intermittent and
perennial streams on USGS topographic maps is not based
solely on hydrologic criteria, but also specific topographic
instructions to past USGS cartographers (U.S. Geological
Survey, 1980). Thus, several states have started efforts to
determine the intermittent or perennial status of stream reaches
more accurately.

Related Intermittent and Perennial Stream
Studies

Several studies have been done to define intermittent
and perennial stream reaches as well as the transition points
between intermittent and perennial stream reaches on the basis
of basin characteristics, biological characteristics, climatic
characteristics, physiographic provinces, and so forth. For
example, Paybins (2003) found that the median drainage
area upstream of the transition point from an intermittent to
a perennial stream reach was about 0.06 mi? for 20 stream
sites in southwestern West Virginia, where mean annual
precipitation ranges from about 44 to 48 in. In the state of



Washington, Palmquist (2003) identified the transition points
between intermittent and perennial stream reaches for three
geographic regions (coastal, western, and eastern area of the
state), and found that the median drainage area upstream of
the transition points was about 0.09 mi® for 41 stream sites
where the mean annual precipitation is less than 60 in. (Robert
Palmquist, Northwest Indian Fisheries Commission, written
commun., 2004). In the Robinson National Forest of eastern
Kentucky, Fritz (2004) found that the drainage area upstream
of the transition points ranged from 0.25 to 0.35 mi? for three
stream sites where the mean annual precipitation is about

47 in. (K.M. Fritz, U.S. Environmental Protection Agency,
written commun., 2004). Fritz (2005) also identified drainage
area as a primary factor, and bankfull width, maximum pool
depth, and channel entrenchment as secondary factors in
classifying ephemeral, intermittent, and perennial streams. In
northern Georgia, Rivenbark and Jackson (2004) found that
drainage area upstream of the transition points ranged from
about 0.02 to 0.05 mi?, with an average of 0.03 mi?, for 30
sites where mean annual precipitation ranges from about 60
to 80 in. (Spatial Climate Analysis Service—Oregon Climate
Service, 2004).

In Fairfax County, Virginia, perennial streams are being
mapped to address concerns that all perennial streams were
not being protected under County Code (Fairfax County,
Virginia, Public Works and Environmental Services, 2004).
The Fairfax County intermittent/perennial stream field-iden-
tification protocol is based on a combination of hydrologic,
physical, and biologic characteristics of the stream, and is
similar to the field-identification protocol developed by the
North Carolina Division of Water Quality (North Carolina
Department of Environment and Natural Resources, Division
of Water Quality, Wetlands/401, Water Quality Certification
Unit, 2004). A study in North Carolina on the Upper Neuse
River Basin using soils data from the Soil Survey Geographic
(SSURGO) database (U.S. Department of Agriculture, Natural
Resources Conservation Service, Soil Survey Division, 2004),
land-use and land-cover data, elevation data from the National
Elevation Dataset (NED) (U.S. Geological Survey, 2005a),
LIght Detection And Ranging (LIDAR) data, hydrologic data
from National Hydrography Dataset (NHD) (U.S. Geological
Survey, 2005b), and Elevation Derivatives for National Appli-
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cation (EDNA) (U.S. Geological Survey, 2005¢) to develop
stream-classification strategies (Restrepo and Waisanen, 2004a
and 2004b). Another study in North Carolina is identifying

a predictive model for determining first-order streams using
LIDAR data (Thomas Colson, North Carolina State Univer-
sity, written commun., 2004). A study in eastern Kentucky to
define ephemeral, intermittent, and perennial stream reaches
more accurately through measurements of ground-water levels
in streambed piezometers, bankfull stream-geometry charac-
teristics, and basin-characteristics data to develop a regression
model to predict streamflow periodicity is described by Kolka
and Stringer (2000). The study by Kolka and Stringer is being
done as a result of requirements for streamside-management
zones, which are a component of forestry best management
practices. Idaho is developing maps of intermittent and peren-
nial streams on the basis of an automated mapping procedure
and a regression equation that estimates the low-flow statis-
tic 7Q2 (7-day 2-year low flow). The automated mapping
procedure solves the 7Q2 for headwater stream reaches and
maps reaches with the 7Q2 less than 0.1 ft¥/s as intermittent
and reaches with the 7Q2 equal to or greater than 0.1 ft¥/s as
perennial. This work is being done by the USGS in coopera-
tion with the Idaho Department of Environmental Quality (Jon
Hortness, U.S. Geological Survey, written commun., 2005).
Vermont is developing a predictive model that is similar to the
model developed in this study and that uses observed intermit-
tent and perennial stream status and basin characteristics, and
is integrating the model with an automated procedure to map
intermittent and perennial stream reaches. This work is being
done by the USGS in cooperation with the Vermont Center for
Geographic Information (Scott Olson, U.S. Geological Survey,
written commun., 2005). Additional work in Massachusetts
related to intermittent and perennial streams involves the
evaluation of the hydrology, habitat characteristics, biologi-
cal-community composition and structure of the tributaries of
six perennial streams in central Massachusetts as the streams
change from ephemeral to intermittent to perennial (Har-

vard Forest, Harvard University, 2004). Several other studies
reported by the North American Benthological Society (2002,
2003, 20054, and 2005b) are focused on the ecological func-
tions of intermittent streams.
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Part 1. A Revised Logistic Regression Equation for
Estimating the Probability of a Stream Flowing Perennially

in Massachusetts

By Gardner C. Bent

Description of Study Area

The geography, climate, and surficial geology of a basin
upstream of a selected stream site can affect whether the
stream at that site will be intermittent or perennial. In Mas-
sachusetts these factors, particularly the extent and type of
surficial deposits, affect streamflow characteristics.

Massachusetts encompasses 8,093 mi? in the northeastern
United States (fig. 1). Altitudes range from sea level in coastal
areas to 3,491 ft above sea level in the northwest. Altitudes
generally increase from eastern to western Massachusetts.

The climate in Massachusetts is humid, with average annual
precipitation ranging from about 40 to 45 in. in eastern Massa-
chusetts to about 40 to 50 in. in western Massachusetts, where
higher altitudes may cause orographic effects. Average annual
temperature is about 50°F in eastern Massachusetts and about
45°F in western Massachusetts.

Surficial deposits that overlie bedrock in most of Massa-
chusetts were deposited mainly during the last glacial period,
but can include areas of recent flood-plain alluvium deposits.
In this report, these surficial deposits are classified as either
till (which includes till or bedrock, sandy till over sand, and
end-moraine deposits) or stratified deposits (which includes
sand and gravel, coarse sand, fine-grained sand, and flood-
plain alluvium deposits). This classification of till and strati-
fied deposits is consistent with characterizations of surficial
deposits in several reports that discuss low-flow character-
istics in Massachusetts (Ries, 1994a; 1994b; and 1997; Ries
and Friesz, 2000). Till (also known as ground moraine) is
an unsorted, unstratified mixture of clay, silt, sand, gravel,
cobbles, and boulders deposited by glaciers commonly on top
of bedrock throughout much of the state. Surficial till is pri-
marily found in upland areas, but can also be found at depth in
river valleys. Stratified deposits include sorted and layered gla-
ciofluvial and glaciolacustrine deposits. Glaciofluvial deposits
are material of all grain sizes (clay, silt, sand, gravel, and
cobbles) deposited by glacial meltwater streams in outwash
plains and river valleys. Glaciolacustrine deposits generally
consist of clay, silt, and fine sand deposited in temporary lakes
that formed after the retreat of the glacial ice sheet. Stratified
deposits are more widespread in eastern Massachusetts than in
western Massachusetts (Ries, 1994a, p. 6). In eastern Mas-
sachusetts, stratified deposits can be extensive outwash plains,

particularly in the southeast. In other areas of the state, strati-
fied deposits are more likely to be found in river valleys.

In southeastern Massachusetts (fig. 1), particularly in the
Southeast Coastal Region—southern part of the South Coastal
Basin, the eastern part of the Buzzards Bay Basin, and the
Cape Cod and Islands Basin—the surficial geology is almost
entirely stratified deposits (Simcox, 1992, p. 47, 51, and 52).
In these areas the ground-water contributing area and the
surface-water drainage area to a stream site can differ because
ground water can flow from one surface-water basin into
another. Thus, a logistic regression equation using surface-
water drainage area as an explanatory variable may underesti-
mate the probability of a stream flowing perennially for stream
sites whose ground-water contributing areas are larger than
their surface-water drainage areas. Conversely, for stream sites
whose ground-water contributing areas are smaller than their
surface-water drainage areas, the logistic regression equation
may overestimate the probability of a stream flowing perenni-
ally. For these reasons, the Southeast Coastal Region (fig. 1) is
not included in the study area.

Database Development

To develop an equation for estimating the probability of
a Massachusetts stream flowing perennially at a specific site,
a database of intermittent and perennial stream sites through-
out the state was developed. Development of this database
involved screening data to exclude stream sites affected by
regulation, drought conditions, or other factors that may alter
the intermittent or perennial status of streams. The sites were
visited in late July through early September 2001 during low-
flow conditions.

Factors that Affect the Intermittent or Perennial
Status of Streams

For this study, a determination of the intermittent or
perennial status of a stream site in Massachusetts was made by
using data collected for naturally flowing streams (no regu-
lation). Regulated streams are those affected by dams, sur-
face-water withdrawals, ground-water withdrawals (pumping
wells), diversions, wastewater discharges, and so forth. The
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intermittent or perennial status of a stream at a specific site
cannot be evaluated accurately if the flows upstream or near
the site are regulated, because the extent and type of regulation
differ from site to site and the effects of the many regulations
are not quantified or easily quantifiable.

Observations of the intermittent or perennial status of
stream sites were made under selected hydrologic and climatic
conditions. Abnormally dry and wet periods were avoided to
make the most accurate determination of the intermittent or
perennial status of a stream site. If observations were made
during an abnormally dry period, a perennial stream might
be observed to be intermittent, and during a wet period, an
intermittent stream might be observed to be perennial. Field
observations of the sites were made from late July through
early September 2001 during low-flow conditions. Low-flow
conditions for this study were defined as conditions during the
months of July through September when streamflows were
between about the 80- and 99-percent flow durations and when
little to no precipitation had occurred for at least 3 to 5 days
following a precipitation event totaling 0.10 in. or more. Flow
durations for this study were determined by using the records
of 19 long-term (greater than 10 years of record) continuous
USGS streamflow-gaging stations minimally affected by regu-
lation in and near Massachusetts (fig. 1 and table 1).

The revised Regulations of December 20, 2002 (Massa-
chusetts Department of Environmental Protection, 2002a,

p- 395) state that stream sites observed to be intermittent dur-
ing a period of extended drought cannot be used for stream
classification. The revised Regulations define a period of
“extended drought” as a drought level of “Advisory” or more
severe drought level (“Watch,” “Warning,” or “Emergency”) in
the Massachusetts Drought Management Plan (Massachusetts
Executive Office of Environmental Affairs and Massachusetts
Emergency Management Agency, 2001, p. 14-18). The Mas-
sachusetts Drought Management Plan bases the drought level
on seven indices: (1) Palmer Drought Index, (2) Crop Mois-
ture Index, (3) fire-danger level, (4) precipitation, (5) ground-
water levels, (6) streamflows, and (7) index reservoirs.

Although the revised Regulations definition of “extended
drought” did not become effective until December 20, 2002
(Massachusetts Department of Environmental Protection,
2002b, p. 320), observations of the intermittent or perennial
status of stream sites during late July through early September
2001 were done under normal conditions as defined by the
original Regulations (Linda Marler, Massachusetts Department
of Resource and Conservation, oral commun., 2003). The
July through September 2001 period did not meet the original
Regulations definition of “extended drought,” defined as a
period of below-normal precipitation for that month and the
three previous months, with at least three of the months having
75 percent or less of the normal precipitation and two months
having 50 percent or less of normal precipitation. Addition-
ally, ground-water levels and streamflows, which are indices
(5) and (6) of the revised Regulations definition of “extended
drought,” were reported to be in the normal range for most
of the state during the months of July through September

2001 (Socolow and others, 2002). Because the revised and
original Regulations have no operational definition of a wet
month (above-normal precipitation conditions), stream sites
were evaluated only during low-flow conditions, as previously
defined for this study, to ensure that observations of stream
sites were not made during wet periods (above-normal stream-
flow and precipitation conditions).

Site Selection

A total of 476 stream sites were selected for visual obser-
vation in the field from the most current USGS topographic
maps available. About eight stream sites were generally picked
from each metric-unit 7.5- by 15-minute USGS topographic
map and about four stream sites from each English-unit 7.5-
by 7.5-minute USGS topographic map. For USGS topographic
maps of areas along the state borders or the Atlantic Ocean,
the number of stream sites selected was weighted by the
proportion of the map’s area within the state. No stream sites
were selected for the Cape Cod and the Island Basins within
the Southeast Coastal Region (fig. 1), as discussed previously.
A few stream sites were selected in the southern part of the
South Coastal Basin and eastern part of the Buzzards Bay
Basin within the Southeast Coastal Region (fig. 1), because
they were in areas where the ground-water contributing areas
generally coincide with the surface-water drainage areas.
Sites were also selected that were: (1) of varying drainage
areas, basin elevation, basin slope, basin shape, wetland areas,
water bodies, forest land, and urban land according to the
USGS topographic maps; (2) representative of the number
of intermittent and perennial stream sites shown on USGS
topographic maps; and (3) accessible at road crossings (which
permitted easier access and made it possible to avoid private
property issues).

The visual inspection at each selected stream site
included observations of whether the streambed was dry,
had disconnected pools of water in the streambed, had water
with no velocity (no flowing water), or had flowing water.
Stream sites with a dry streambed or discontinuous pools
of water were classified as intermittent. The stream sites
were generally inspected along a reach at least two times the
width of the bridge or culvert opening upstream of each road
crossing to minimize any effect the bridge or culvert opening
may have had on stream-channel characteristics, with the
goal of observing a natural stream-channel section unaffected
by human influences. Other observations recorded were the
distance of the stream site upstream from the bridge; general
land use in the area; any visible structures that may affect
the stream status (such as public-water-supply wells, dams,
cranberry bogs, and beaver dams); general cross-sectional
information (width and depth) of the stream channel; general
streambed material (clay, silt, sand, gravel, cobbles, boulders,
or bedrock); and a crude estimate of the width, depth,
and velocity of any flowing water in the stream channel.
Additionally, the stream-channel section was documented
with a photograph.



Description of Study Area 9

Table 1. Descriptions of long-term continuous index streamflow-gaging stations whose records were used to estimate low-flow
durations at nearby field-visited stream sites in the development and verification of the logistic regression equation for estimating the
probability of a stream flowing perennially in Massachusetts.

[USGS station No.: Streamflow-gaging stations shown on figure 1. Latitude and longitude: In degrees, minutes, and seconds. Period of record: p, present.
No., number; mi?, square mile; USGS, U.S. Geological Survey; --, none]

US(_iS . Latitude Longitude M_a|or Drainage Period of Water years
station Station name o s o s river area Remarks
. . record analyzed
No. basin (mi?)

01096000 Squannacook River 423803 713930 Nashua 63.7 1949—p 1949-2001 Occasional regulation at low flow
near West Groton, by mill upstream; regulation
MA greater prior to 1961.

01097300 Nashoba Brook near 423045 712417 Concord 12.8 1963—p 1964-2001 Occasional regulation since 1967
Acton, MA by pond upstream.

01101000 Parker River at 424510 705646 Parker 21.3 1945-p 1947-2001 Occasional regulation by mill and
Byfield, MA ponds upstream.

01105600 Old Swamp River near 42 1125 705643 Boston 4.5 1966—p 1967-2001 --
South Weymouth, Harbor
MA

01105730 Indian Head Riverat 4206 02 704923 South 30.3 1966—p 1968-2001 Some regulation by mills and
Hanover, MA Coastal ponds upstream.

01105870 Jones River at 415927 704403 South 15.7 1966—p 1967-2001 Flow regulated by pond
Kingston, MA Coastal upstream.

01111300 Nipmuc River near 415852 714111 Blackstone 16.0 1964-91, 1965-91, --
Harrisville, RT 1993—p 1994-2001

01162500 Priest Brook near 424057 720656 Millers 194 1916—p 1934, Prior to 1962, occasional diurnal
Winchendon, MA 1937-2001 fluctuation at low flow by mill

upstream.

01169000 North River at 4238 18 724332 Deerfield 89.0 1939-p 1940-2001 Diurnal fluctuation at times by
Shattuckville, MA mill upstream.

01169900 South River near 423231 724139 Deerfield 24.1 1966—p 1967-2001 Diurnal fluctuation by small
Conway, MA powerplant upstream since

April 1982.

01170100 Green River near 424212 724016 Deerfield 414 1967-p 1968-2001 --
Colrain, MA

01171500 Mill River at 421905 723921 Connecticut 54.0 1938-p 1940-2001 Flow regulated by mill upstream.
Northhampton, MA

01175670 Sevenmile River near 42 1554 720019 Chicopee 8.68  1960-p 1962-2001 Occasional regulation by ponds
Spencer, MA upstream since 1971.

01176000 Quaboag River at West 42 1056 721551 Chicopee 150 1912-p 1939-2001 Slight diurnal fluctuation at low
Brimfield, MA flow by mill upstream prior to

1956; regulation much greater
prior to 1938.
01181000 West Branch Westfield 42 14 14 7253 46 Westtield 94.0 1935-p 1936-2001 Prior to 1950, some diurnal

River at Huntington, fluctuation at low flow by mill
MA upstream.

01184490 Broad Brook at Broad 415450 723300 Connecticut 15.5 1961-76, 1967-76, Flow regulated by reservoir and
Brook, CT 1982—p 1983-2001 mill upstream.

01187300 Hubbard Brook near 4202 14 725622 Connecticut  19.9 1938-55, 1939-55, --
West Hartland, CT 56-p 1957-2001

01199050 Salmon Creek at Lime 415632 732329 Housatonic 294 1961-p 1962-2001 --
Rock, CT

01333000 Green River at 424232 731150 Hudson 42.6 1949-p 1950-2001 Occasional slight diurnal

Williamstown, MA fluctuation by mill upstream.
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Of the 476 stream sites visited in the state, 125 were
eliminated because of one or more of the following condi-
tions: (1) observed or documented regulation of streamflows
by dams, ground-water or surface-water withdrawals nearby,
diversions, wastewater discharges, and so forth (evaluation of
documented regulation at each stream site was done by using
Geographic Information Systems (GIS) digital data layers
available on the World Wide Web application STREAM-
STATS (Ries and others, 2000)) or a Watershed Analyst Tool;
(2) no visible stream channel observed in the field, although
the site was shown as a stream on a USGS topographic map;
(3) site not accessed because of private property, fences,
or safety issues; (4) the drainage-basin boundary drawn by
STREAMSTATS or a Watershed Analyst Tool did not match
that determined from USGS topographic maps (most com-
mon for sites with small drainage basins in low-slope areas,
generally with wetland areas); (5) STREAMSTATS or a
Watershed Analyst Tool could not draw an accurate drain-
age-basin boundary because the stream-site location was too
close to the end point of the centerline; (6) the centerline data
in STREAMSTATS or the Watershed Analyst Tool started
slightly downstream of the stream site; (7) it was determined
that the ground-water contributing area and surface-water
drainage area to the site did not coincide; and (8) observations
were made when nearby streamflows were too high (flow
durations were lower than 80 percent).

The application of these criteria resulted in the classi-
fication of 85 sites as intermittent and 266 sites perennial in
the database (figs. 2 and 3). The stream sites observed to be
intermittent had a minimum drainage area of 0.04 mi? (station
PD-02), a mean drainage area of 0.61 mi?, a median drainage
area of 0.31 mi?, and a maximum drainage area of 10.46 mi?
(station AE-0O1) (table 8, at back of report). The sites observed
to be perennial had a minimum drainage area of 0.06 mi?
(station HF-05), a mean drainage area of 1.59 mi’, a median
drainage area of 0.92 mi?, and a maximum drainage area of
10.96 mi’ (station AN-01) (table 8, at back of report).

To confirm that field observations at the 85 intermittent-
and 266 perennial-stream sites were made during low-flow
conditions, the flow duration was estimated at each site on
the day of the observation. The flow duration at each stream
site was assumed to equal the calculated flow duration of the
concurrent daily mean discharge on the day of the observation
at the nearest long-term continuous USGS streamflow-gaging
station (fig. 1 and table 1). All 351 stream sites were observed
during flow durations between 80 and 99 percent, with
48 percent of the intermittent-site observations and 50 percent
of the perennial-site observations between 85 and 95 percent,
and 95 percent of all observations between 82 and 97 percent
(fig. 4A and table 8, at back of report).

Comparison to Previous Stream-Status
Observations

As a process of determining if the observed status of
stream sites would be the same for different low-flow con-

ditions and different field observers, 16 stream sites were
visited during low-flow periods of two different years and by
different personnel (table 2). In the Shawsheen River Basin,
northeastern Massachusetts (figs. 2 and 3), two stream sites
were observed on July 31, 2001 (table 2 and table 8, at back
of report) and then again on July 31 or August 1, 2002. In

the South Coastal Basin, southeastern Massachusetts (figs. 2
and 3), 14 stream sites that had been previously observed in
mid-July through early September 1999 in the previous study
by Bent and Archfield (2002, table 5) were observed in early
August or early September 2001 (table 2 and table 8, at back
of report). A different station-numbering system was used

for stream sites in the South Coastal Basin during 1999 than
during 2001 (table 2), but the stream sites are the same. In the
Shawsheen River Basin, flow durations at the two stream sites
were estimated to range between 85 and 92 percent on July 31
and August 1, 2002. In the South Coastal Basin, flow dura-
tions at the 14 stream sites were estimated to range between
73 and 99 percent (with 9 of the 14 sites between 89 and 95
percent) during mid-July through early September 1999.

All but 1 of the 16 stream sites in the Shawsheen River
Basin and the South Coastal Basin were observed to have the
same intermittent or perennial status during the two years.

In the case of stream site number PE-03 in 2001 (table 2 and
table 8, at back of report) and number PE-13 in 1999 (Bent
and Archfield, 2002, table 5), the perennial observation in
1999 was made by looking upstream and downstream from
the bridge. In 2001, water in the stream was observed at the
upstream side of the bridge. About 125 ft upstream of the
bridge (not visible from the bridge), however, the stream was
found to consist of discontinuous puddles of water and was
determined to be intermittent. Additionally, in 1999, the flow
duration at the stream site was estimated to be at 73 percent
on the day of the observation, while in 2001 the flow duration
was estimated at 84 percent.

Overall consistency in the intermittent or perennial
status of stream sites was also indicated for 22 of 31 sites
(table 3) that were observed in 2001 and had been previously
classified as intermittent or perennial by Bent and Archfield
(2002, table 4) on the basis of the streamflow data in the
USGS National Water Information System (NWIS). Differ-
ences in the intermittent or perennial stream status of the other
nine stream sites may be a result of: (1) streamflow mea-
surements or mean daily discharges that were recorded to be
zero during a month that would meet the revised Regulations
definition of “extended drought,” (2) measured or recorded
streamflows less than 0.005 ft3/s, which would be rounded
down to 0.00 ft*/s in the NWIS database, or (3) stream-
flow measurements recorded as “zero,” but noted as either
“observed no flow” or “insufficient flow to measure”—imply-
ing that water was in the stream but that there may not have
been sufficient depth or velocity to measure the streamflow.
For these reasons, these nine stream sites may have been
improperly designated as intermittent on the basis of data in
the NWIS database.



Selection and Measurement of Basin
Characteristics

Basin characteristics tested for use in the logistic regres-
sion analyses were selected on the basis of: (1) their theo-
retical relation to differences in the magnitude of low flows,
(2) the results of previous studies involving estimation of the
probability of a stream flowing perennially (Bent and Arch-
field, 2002) and selected low-flow statistics (Wandle and
Randall, 1994; Ries, 1994a; 1994b; and 1997; Ries and Friesz,
2000; and Flynn, 2003), and (3) the ability to obtain consistent
state-wide information on a characteristic, measure a charac-
teristic, or both. Basin characteristics tested include drainage
area; drainage density (the ratio of stream length to drainage
area); mean basin slope and elevation; basin shape ratio (the
ratio of length to width); and areal percentages of stratified
deposits, sand and gravel deposits (excludes fine-grained
deposits and flood-plain alluvium unless surrounded by sand
and gravel deposits), water bodies, wetlands, urban land, and
forest land.

Drainage-area boundaries were created and saved as
shape files (.shp) by using a GIS-based Watershed Analyst
Tool for all stream sites, unless the site was in the Buzzards
Bay Basin, North Coastal Basin, or Taunton River Basin
(figs. 2 and 3), where centerline data for the stream network
are not available. Drainage areas in the Watershed Analyst
Tool environment were determined from 1:25,000-scale
digital-elevation models (DEMs) by the same procedure used
by the program STREAMSTATS (Ries and others, 2000).
Drainage-basin boundaries for stream sites in the Buzzards
Bay Basin, North Coastal Basin, and Taunton River Basin
were drawn in GIS with topographic maps as a backdrop to
create shape files. The Watershed Analyst Tool also calculated
the lengths of streams, areas of stratified deposits, and mean
basin slopes by the same procedures used by the program
STREAMSTATS for all stream sites outside of Buzzards Bay
Basin, North Coastal Basin, and Taunton River Basin. For the
stream sites in these three basins, lengths of streams, areas of
stratified deposits, and mean basin slopes were calculated by
using shape files, digital data layers, and the same procedures
used by the Watershed Analyst Tool and STREAMSTATS.
The lengths of streams were determined from centerline data
for streams from a 1:25,000-scale hydrography digital data
layer (MassGIS, 2004a). The areas of stratified deposits were
determined from a 1:250,000-scale surficial-geology digital
data layer (MassGIS, 2004b). Mean basin slopes were deter-
mined from 1:250,000-scale DEMs. The shape files created
in the Watershed Analyst Tool environment and the proce-
dures described previously for the Buzzards Bay Basin, North
Coastal Basin, and Taunton River Basin were then used in
conjunction with the areas of sand and gravel deposits, water
bodies, wetlands, urban land, and forest land in digital data
layers from MassGIS (2004a, 2004b, and 2004c). All the basin
characteristics were calculated using scripts written in the Arc
Macro Language (AML).
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Drainage density and the percentages of the drainage
area of each basin underlain by stratified deposits, sand and
gravel deposits, water bodies, wetlands, urban land, and forest
land were also determined for each stream site in developing
a logistic regression equation. Drainage density represents
the density of a network of streams available for drainage of
runoff within a basin. Drainage density, mean basin slope,
and basin shape likely would affect the efficiency with which
water can be routed out of a basin. The areal percentage of
stratified deposits, sand and gravel deposits, water bodies,
wetlands, urban land, and forest land within a basin indicates
which of these land covers and uses are dominant within a
basin.

In the previous logistic regression analyses, Bent and
Archfield (2002) tested the following potential explanatory
variables: drainage area, drainage density, areal percentage of
stratified deposits, mean basin slope, and a location variable
to indicate whether a stream site was located in the South
Coastal Basin or the remainder of the state. All five variables
were found to be significant in the analyses. The cube root
(1/3 power) of drainage area and the square root (1/2 power)
of areal percentage of stratified deposits best represented these
variables in that logistic regression equation. All of these vari-
ables, with the exception of the location variable, were also
tested during this study as potential explanatory variables for
the revised equation.

The extent and types of surficial deposits are important
factors that explain flow characteristics of Massachusetts
streams (Ries, 1994a; 1994b; and 1997; Ries and Friesz,
2000). During dry periods, the primary source of streamflow is
ground-water discharge from the aquifer to the stream. Till and
fine-grained stratified deposits generally have a lower infiltra-
tion capacity than medium- to coarse-grained stratified depos-
its. The lower infiltration capacity of these materials results in
greater direct runoff of precipitation; therefore, less precipita-
tion is available to infiltrate the soil and recharge the aquifer.
Thus, basins underlain predominantly by till and fine-grained
stratified deposits generally have a lower streamflow per unit
area during dry periods than basins underlain predominantly
by medium- to coarse-grained stratified deposits.

The MassGIS (2004b) 1:250,000-scale surficial-geology
digital data layer consists of seven categories: (1) sand and
gravel deposits, (2) till or bedrock outcrops, (3) sandy till over
sand, (4) end moraines, (5) large sand deposits, distinguished
from sand and gravel deposits, (6) fine-grained deposits, and
(7) flood-plain alluvium. The areal extent of stratified deposits,
tested in the logistic regression analyses, was calculated on the
basis of categories 1, 5, 6, and 7. The areal extent of sand and
gravel deposits, tested in the logistic regression analyses, was
calculated on the basis of categories 1 and 5, and categories 6
and 7 if they were surrounded by categories 1, 5, or both.

The areal extent of water bodies, tested in the logistic
regression analyses, was calculated on the basis of the water
GIS digital data layer, which includes freshwater and coastal
embayments (MassGIS, 2004c). The areal extent of wetlands,
tested in the logistic regression analyses, was calculated on
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Locations of field-visited stream sites designated as perennial streams used in development of the logistic regression
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Table 2. Comparison between intermittent and perennial field
observations at stream sites visited in different years in the
Shawsheen River Basin, northeastern Massachusetts, and in the
South Coastal Basin, southeastern Massachusetts.

[Observed status: I, intermittent; P, perennial. No., number]

Station Date Observed Station Date  Observed
No. observed status No. observed status
Shawsheen River Basin
2002 20012
AJ-01 8-1-2002 P AJ-01 7-31-2001 P
TN-01  7-31-2002 1 TN-01 7-31-2001 1
South Coastal Basin
1999 20012
HN-15  7-19-1999 P HG-01 9-05-2001 P
HR-09 8-13-1999 P HF-01 9-07-2001 P
HR-44  8-10-1999 P HF-04 8-01-2001 P
HR-03  8-12-1999 P HF-05 9-07-2001 P
HR-16  8-12-1999 P HF-07 9-07-2001 P
KN-07  9-03-1999 P KG-07 9-07-2001 P
NL-19  8-20-1999 1 N5-01 8-01-2001 1
PE-20  7-29-1999 P PE-02 9-07-2001 P
PE-13  7-29-1999 P PE-03 9-07-2001 1
PE-23  7-29-1999 1 PE-05 9-07-2001 1
RD-21  8-04-1999 P RG-01 8-01-2001 P
SE-16  7-16-1999 1 SG-02 8-01-2001 1
SE-14  7-16-1999 I SG-04 8-01-2001 1
SE-02  7-16-1999 P SG-05 9-07-2001 P

' A different station numbering system was used for stream sites in the
South Coastal Basin during 1999 than during 2001, but the stream sites are the
same. 1999 data from Bent and Archfield, 2002, table 5.

22001 data in table 8. Stream sites observed as perennial in 2001-02 are
shown on figure 2, and stream sites observed as intermittent in 2001-02 are
shown on figure 3 under the station number for 2001.

the basis of the wetland (non-forested freshwater wetland) and
cranberry bogs and salt wetland (salt marsh) GIS digital data
layers (MassGIS, 2004c). Wandle and Randall (1994) found
the areal extent of lakes (water bodies) and swamps (wetlands)
to be inversely related to low flows in central New England,
and suggested that this was the result of evaporation from
lakes and evapotranspiration from swamps. Forty-seven of

71 studies involving the processes of wetlands in the
hydrologic cycle found that wetlands reduce streamflow
during dry periods (Bullock and Acreman, 2003). Bullock

and Acreman (2003) reported that in 22 of 23 studies, this
reduction was likely caused by greater evapotranspiration from
wetland areas than from nonwetlands areas during dry periods.
Thus, water bodies and wetlands may reduce streamflow
during dry periods and may give a stream site a greater
tendency to be intermittent during summer low-flow periods.

Logistic Regression Equation 17

The areal extent of urban land, tested in the logistic
regression analyses, was calculated on the basis of the
residential (multifamily and smaller than 0.25 acre lots),
commercial (general urban and shopping center), industrial
(light and heavy industry), transportation (airports, docks,
divided highway, freight, storage, railroads), and high-density
residential housing (smaller than 0.25 acre lots) GIS digital
data layers (MassGIS, 2004c). Urban areas have been found
to reduce base flows (ground-water discharge to the stream)
in streams (Simmons and Reynolds, 1982; Spinello and
Simmons, 1992; Rose and Peters, 2001; and Calhoun and
others, 2003). Less precipitation recharges the ground-water
aquifer from impervious surface areas as runoff is routed to
drainage structures, some of which may carry it outside the
basin; less recharge of the aquifer also results from the use of
septic tanks, because sanitary sewers route the wastewater to
treatment facilities. The reduced base flow in urban areas may
give a stream site a greater tendency to be intermittent during
summer low-flow periods.

The areal extent of forest land, tested in the logistic
regression analyses, was calculated on the basis of the forest
GIS digital data layer (MassGIS, 2004c). Hornbeck and others
(1993 and 1997) summarized the results of several studies
on the effects of timber-management activities (cutting
of trees) on water yield in the northeastern United States.
They found that the cutting of trees increased streamflows
during low-flow periods of the summer, because there is
less evapotranspiration and less interception of precipitation
by the tree canopy in the cut areas. Two studies in central
Massachusetts determined that summer low flows, base
flow, and ground-water recharge increased as a result
of timber cutting (Mrazik and others, 1980, Bent, 1994;
2001; and Shanley and others, 1995). Conversely, more
evapotranspiration and less ground-water recharge of the
aquifer would be expected in forested areas. Thus, forested
areas likely would produce reduced summer low flows and
stream sites with greater tendencies to be intermittent.

Logistic Regression Equation

Logistic regression is a statistical technique in which the
probability of a result being in one of two response groups
(binary response) is modeled as a function of the magnitudes
of one or more explanatory variables (Helsel and Hirsch, 1992,
p- 393-402). For instance, the probability of whether a stream
is intermittent or perennial at a specific site may be modeled
as a function of the magnitudes of one or more basin charac-
teristics. For this study, the response variable is 0 when the
stream is intermittent and 1 when the stream is perennial.

Several other studies have used logistic regression to
determine the intermittent or perennial status of streams or
to investigate other water-resources issues. In a previous
related study by Bent and Archfield (2002), logistic regres-
sion was used to estimate the probability of a stream flowing
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Table 3. Comparison between intermittent and perennial stream status determined through field observations and estimated on the
basis of measurements of daily mean discharge at stream sites by region and river basin in Massachusetts.

[Station No.: Stream sites observed as perennial shown in figure 2, and stream sites observed as intermittent shown on figure 3. Date observed: 2001 data in
table 7; 2002 data in table 9. Observed status: I, intermittent; P, perennial. Estimated status of stream site: From Bent and Archfield, 2002, table 4. Based
on streamflow measurements or daily mean discharge data. No., number; USGS, U.S. Geological Survey; ft¥/s, cubic feet per second.]

2001 or 2002 Various years
Number of
streamflow Estimated
Station Date Observed USGS measurements
. Years of data status of Remarks
No. observed status station No.  or days of .

. stream site

daily mean

discharge data

Eastern Region

Boston Harbor Basin

AK-01 8-03-2001 P 01103015 27 1973-74, 1989-91, and P
1999-2000
Buzzards Bay Basin
DC-07 9-05-2001 P 01105935 30 1972-74, 1991-93, and P
2003
DC-02  9-04-2001 P 01105937 34 1957, 1972-74, 1991-94, P

1996, and 2003
Merrimack River Basin

D1-02  8-02-2001 P 01100050 2 1973-74 I Zero flow 7-25-1974.

HL-01  8-02-2001 P 01100665 2 1973-74 I Zero flow 7-23-1974.

MR-01 8-02-2001 P 01100800 2 1965 and 1974 I Zero flow 8-20-1965 and 7-22-1974.
Narragansett Bay and Mt. Hope Bay Shore Basin

RC-04  9-04-2001 P 101109200 4,357 1962-74 I Zero mean daily discharge recorded

on one or more days in the months
of 9-1964, 7-1965, 8-1965, 9-1965,
8-1966, and 8-1974.

Nashua River Basin

D3-01  8-09-2001 P 01096505 23 1971-74, and 1991-93 P
Shawsheen River Basin
BC-04  7-31-2002 [ 01100593 1 1974 I Zero flow 7-31-1974.
TN-09  7-31-2002 P 01100608 15 1973-74, and 1994-96 P
AJ-07  7-31-2002 P 01100618 1 1974 I Zero flow 8-1-1974.
NS-03  8-01-2002 I 01100633 1 1974 I Zero flow 8-1-1974.
Quinebaug River Basin
BO-05 8-01-2001 P 01123161 10 1994-96 I Observed no flow 8-11-1994 and

9-7-1994; insufficient flow to
measure on 8-21-1995.

Western Region

Chicopee River Basin

A2-05  8-17-2001 P 101173260 4,359 1962-74 I Zero mean daily discharge recorded
on one or more days in the months
of 07-1963, 08-1963, 09-1963, 09-
1964, 10-1964, 08-1965, 09-1965,
09-1968, and 08-1970.

NL-01  8-03-2001 P 101174000 12,735 1947-82 P

SW-01  8-17-2001 P 101175670 15,644 1960-2003 p Currently (2005) still operated as
continuous streamflow-gaging
station.
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Table 3. Comparison between intermittent and perennial stream status determined through field observations and estimated on the
basis of measurements of daily mean discharge at stream sites by region and river basin in Massachusetts.— Continued

[Station No.: Stream sites observed as perennial shown in figure 2, and stream sites observed as intermittent shown on figure 3. Date observed: 2001 data in
table 7; 2002 data in table 9. Observed status: I, intermittent; P, perennial. Estimated status of stream site: From Bent and Archfield, 2002, table 4. Based
on streamflow measurements or daily mean discharge data. No., number; USGS, U.S. Geological Survey; ft*/s, cubic feet per second.]

2001 or 2002 Various years
Number of
streamflow Estimated
Station Date Observed USGS measurements
. Years of data status of Remarks
No. observed status station No. or days of .

. stream site

daily mean

discharge data

Western Region—Continued

Connecticut River Basin

NR-02  8-10-2001 P 101171800 4,352 1962-74 P
Deerfield River Basin
BA-04  8-09-2001 P 01170240 14 1969 and 1994-96 P
Housatonic River Basin
HE-03 8-22-2001 1 01197080 4 1963-65 I Zero flow on 8-05-1964 and 9-08-1965.
PT-03  8-22-2001 P 01197130 14 1963-65 and 1994-95 P
LQ-02 8-22-2001 P 01197140 18 1963-65 and 1994-96 P
LO-02 8-22-2001 P 01197180 16 1963-65, 1991-93, P
and 1995
GM-04 8-23-2001 P 01197240 14 1964-65 and 1994-95 P
SZ-04  8-23-2001 P 01197300 4,322 1962-74 I Zero mean daily discharge recorded on
one or more days in the months of
9-1963, 8-1964, 9-1964, 8-1970, and
8-1972.
EO-02 8-23-2001 P 01198062 11 1994-95 P Measurement on 8-23-1995 was
0.002 ft*/s, but was published as
0.00 ft¥/s.
M6-02  8-23-2001 P 01198137 11 1994-95 | Volumetric measurements on 8-22-1995
were 0.001 ft*/s and on 9-5-1995 were
0.0004 ft*/s, but were published as
0.00 ft¥/s.
NK-02 8-23-2001 P 01198260 11 1994-95 P
Hudson River Basin
XL-02 8-21-2001 P 01332900 15 1967-69 and 1994-96 P
Millers River Basin
WO0-03 8-03-2001 P 101166105 2,113 1985-91 P
Westfield River Basin
H2-01  8-10-2001 P 101180000 10,621 1945-74 P
A3-03  8-22-2001 P 101180800 5,448 1962-77 P

! Operated as a continuous streamflow-gaging station.
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perennially in Massachusetts. In a study by Kliever (1996),
logistic regression was used to determine the probability that
streamflow would be zero for a particular low-flow statistic

at a partial-record station when streamflow was at the same
low-flow statistic at nearby index stations in northern Rhode
Island. Tasker (1989) developed a logistic regression equation
based on basin characteristics to estimate the probability of
the annual N-day low flow at a network of low-flow stations
in Florida being zero. Other applications of logistic regression
analyses to water resources include those by Eckhardt and
others (1989), Eckhardt and Stackelberg (1995), Mueller and
others (1997), Nolan and others (1997), Tesoriero and Voss
(1997), Koltun and Sherwood (1998), Rupert (1998), Squillace
and others (1999), Nolan (2001), Nolan and others (2002),
Battaglin and others (2003), Francy and others (2003), and
Rupert (2003).

Development

Logistic regression analyses were used to estimate the
probability of a stream flowing perennially by relating the
observed intermittent or perennial status of a stream site to
selected basin characteristics or regional characteristics of
naturally flowing streams in Massachusetts. Of 351 stream
sites visited, 64 of 66 (97 percent) with drainage areas greater
than 2.00 and less than 11.00 mi*> were observed to be peren-
nial streams (fig. 5A). Thus, stream sites with drainage areas
greater than 2.00 mi® were assumed to flow perennially, and
the database used to develop the logistic regression equa-
tion included only those 285 stream sites (of which 83 were
observed to be intermittent and 202 perennial) with drainage
areas less than 2.00 mi.

The two intermittent stream sites (BA-03, Dry Brook in
Bernardston and AE-0O1, Dry Brook in Adams) (fig. 3 and
table 8) with drainage areas greater than 2.00 mi* (3.48 and
10.46 mi?, respectively) are underlain by predominately
till and bedrock. Short (length dimension) narrow areas of
stratified deposits in river valleys composed only 9.82 and
3.37 percent (0.34 and 0.35 mi®) of each drainage area,
respectively. On the basis of this information as well as the
fact that one stream site was completely dry and the other
site had only a few discontinuous puddles of water (both
sites exhibited no evidence of recent water flow in the stream
channel), and that both are named “Dry Brook,” the sites
were considered losing stream reaches. Losing streams are
defined as streams or stream reaches of stream that lose
water to the ground-water system (Winter and others, 1998,
p.- 9-10 and 16-17). Generally, stream reach is losing where

the ground-water table does not intersect the streambed in the
channel (water table is below the streambed) during low-
flow periods. Losing stream reaches commonly begin at the
juncture where the stream flows from an area of the basin
underlain by till or bedrock onto an area underlain by stratified
deposits (where hillsides meet river valleys in central and
western Massachusetts). At this juncture, a stream can lose a
substantial amount of water through its streambed.

Proportional measures of the basin characteristics drain-
age density and areal percentage of stratified-drift deposits,
sand and gravel deposits, water bodies, wetlands, urban land,
and forest land were tested in the logistic regression analyses
over absolute measures of length of streams in miles and land-
cover or land-use areas in square miles. Drainage density and
areal percentages of land-cover and land-use characteristics
provide a more equal comparison of basin characteristics for a
wide range of drainage-area sizes, such as those in this study.
Additionally, transformations (natural logarithm and the pow-
ers -2, -1,-0.5, 0.5, 2, and 3) of the 11 basin characteristics
were tested as possible explanatory variables. Transforming
data is a common procedure that makes the data more sym-
metric, linear, and constant in variance (homoscedasticity)
(Helsel and Hirsch, 1992, p. 12-14).

Ries (1997) and Ries and Friesz (2000) found that low
flows per unit area in the western region of Massachusetts
are higher than in the eastern region of the state. The eastern
region includes major river basins east of the Chicopee, Con-
necticut, and Millers River Basins; and the western region
includes major river basins west of the Blackstone, French,
Merrimack, Nashua, and Quinebaug River Basins (figs. 1-3).
The percentage of perennial stream sites in each drainage-
area range appears to differ between the eastern and western
regions of the state (figs. 5B and C). In the western region,
the percentages of perennial streams are lower than in the
eastern region for drainage areas between 0.00 and 0.29 mi?,
but lower in the eastern region than in the western region
for 7 of 10 drainage area ranges between 0.30 and 2.00 mi?.
Additionally, boxplots of the 11 basin characteristics grouped
by region of the state and by stream status show differences in
the 25th, 50th (median), and 75th percentiles for mean basin
elevation and slope; basin shape ratio; and areal percentages of
stratified deposits, sand and gravel deposits, wetlands, urban
land, and forest land. No noticeable differences between the
eastern and western regions were found for drainage area,
drainage density, and the areal percentage of water bodies.
Thus, an explanatory variable was included for testing in the
logistic regression analyses to determine if any regional dif-
ference (between the eastern and western regions) was present
between intermittent and perennial stream sites.
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The logistic regression analyses were computed with the Stata and SAS statistical software packages (Stata Corporation,
2003 and SAS Institute, Inc., 1989; 1995). The general form of a logistic regression equation is

exp (b, +bx, +...+bx,)

_l—i—exp(bo—f—blxl—l-...—i—bixi)’ (1

where
P is the probability of the condition being true;

exp is the exponential function and is written as exp(x) or e (where e is the base of the natural logarithm and is

approximately equal to 2.7183);

bo is the intercept;
b, . is the coefficient for explanatory variable /; and
x, . is the value of explanatory variable i.

More detailed information on logistic regression can be found in Collett (1991) and Hosmer and Lemeshow (2000).

All potential explanatory variables (basin characteris-
tics; transformations of the basin characteristics; and location
identifiers) were evaluated by using the procedures of forward
selection, backward elimination, stepwise selection, and best
subset selection to help determine the best possible logistic
regression equations (SAS Institute, Inc., 1995, p. 51-65;
Hosmer and Lemeshow, 2000, p. 91-142; and Cook, 2001,

p- 81-144). A statistical significance level of 0.05 for p-values
of explanatory variables was used for entry or retention in

the equations. Each equation developed during the variable-
evaluation process was used to predict the probability that its
corresponding stream site was perennial.

The goodness-of-fit of each potential logistic regres-
sion equation was evaluated with the Hosmer and Lemeshow
(2000) goodness-of-fit test that compares the observed to the
predicted distribution of outcomes (SAS Institute, Inc., 1995,
p. 67-72; Hosmer and Lemeshow, 2000, p. 147-156; and
Cook, 2001, p. 158, 163, 165, and 172). The receiver-operat-
ing-characteristic (ROC) curves were also evaluated to assess
the predictive accuracy of the logistic regression equation

(SAS Institute, Inc., 1995, p. 87-92, Hosmer and Lemeshow,
2000, p. 160-164; and Cook, 2001, p. 159, 163, and 165).
Finally, regression diagnostics of the equations were evaluated
to determine how each observation affects the fit of the logistic
regression equation (SAS Institute, Inc., 1995, p. 73-79,
Hosmer and Lemeshow, 2000, p. 167-186; and Cook, 2001,
p. 159-166).

The results given by the equations were summarized
in classification tables (SAS Institute, Inc., 1995, p. 45-50;
Hosmer and Lemeshow, 2000, p. 156-161). These tables pro-
vide information about the predictive accuracy of an equation
by summarizing the frequency with which observations are
correctly and incorrectly classified as events or nonevents for
different probability cutpoints. Because the same data are used
to develop the equation and to test its predictive accuracy, a
method that approximates the unbiased jackknifing procedure
was used to create the classification tables (SAS Institute,
Inc., 1995, p. 45). Jackknifing minimizes bias caused when
an independent set of observations is not available to test the
predictive accuracy of the equation.

The best logistic regression equation determined from data in this study is

exp(2.8084 +0.98841n(x,) 4 0.011 Ix, — 0.0233x, +0.7500x,)

T 1+ exp(2.8084 + 0.98841n(x, )+ 0.011 Ix, — 0.0233x, +0.7500x,) @

where

P is the probability of a stream flowing perennially at a specific site;

exp is approximately 2.7183;
In is the natural logarithm;

X, is the drainage area of the basin (mi?);

X, is the areal percentage of sand and gravel deposits in the basin;
X, is the areal percentage of forest land; and

X

EN

is an integer variable for the location of the stream site in the eastern region (0) or western region (1) (figs. 1-3).



Noticeable differences are present between intermit-
tent and perennial stream sites throughout the state for the
variables drainage area, areal percentage of sand and gravel
deposits, and areal percentage of forest land (fig. 6); these
differences support the identification of these three variables
as significant explanatory variables. Additionally, the notice-
able differences that exist between intermittent and perennial
stream sites and between the two regions of the state for sand
and gravel deposits and forest land support the identification
of region as a significant explanatory variable. Results of the
analysis of the maximum likelihood estimates of this equation
are presented in table 4 (SAS Institute, Inc., 1995, p. 20-22).
The p-value of each explanatory variable is less than 0.05,
the value used as the statistical-significance level for entry
or retention for the equation in this study. Summary statistics
for the logistic regression analyses for this equation with four
explanatory variables (parameters) and for other selected equa-
tions, which were determined to be the best of the equations
tested with one to four variables, are presented in appendix 1.
Data on the drainage area, areal percentage of sand and gravel

The equations for variance and standard error are
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deposits, and areal percentage of forest land for the 285 stream
sites used in the equation development, as well as for the 66
stream sites with drainage areas greater than 2.00 mi?, are
provided in table 8 (back of report).

Confidence-Interval Estimation

An important adjunct to estimating the probability of a
stream flowing perennially in Massachusetts by using a logis-
tic regression equation is estimation of the confidence interval
of each probability. The confidence intervals provide estimates
of the upper and lower limits of the probability estimation of
the equation. For example, the 95-percent confidence intervals
are bounded by upper and lower limits between which the true
estimate has a 95-percent chance of being found. The methods
used to calculate the upper and lower limits of the 95-percent
confidence intervals are outlined in Hosmer and Lemeshow
(2000, p. 17-21, 40-42, and 85-88) and Cook (2001, p. 9-11,
29-30, 3639, and 46-50).

variance=0.372729+0.034308 (In(x,)) +0.000032(x,)’ +0.000057 (x,)’

+0.102893(x,)" +2(In(x,))(0.048903)+2(x,)(-0.001272)+2(x, ) (-0.004189) 3)
+2(x,)(0.018564)+2(In(x,))(x,)(0.000131)+2(In(x,))(x,)(-0.000306)
+2(In(x,))(x,)(0.003397)+2(x,)(x;)(0.00001 1) +2(x,) (x, ) (0.000163)

+2(x;)(x,)(-0.000800),

and

. 1/2
standard error = (varzance)

“

The equations for the lower and upper limits of the 95-percent confidence intervals are

exp (2.8084 +0.9884In(x,)+0.0111x, —0.0233x, +0.7500x, — (1.96 ) (standard error)

lower limit =

I+ exp (2.8084 +0.9884In(x,) +0.0111x, — 0.0233x, +0.7500x, — (1.96 ) (standard error)’

and

exp (2.8084 +0.9884In(x,) +0.0111x, —0.0233x, + 0.7500x, + (1.96 ) (standard error) ~ ©)

upper limit =

I+ exp (2.8084 +0.98841n(x,) +0.0111x, — 0.0233x, +0.7500x, +(1.96 ) (standard error)’

In the lower and upper limit equations (5) and (6), the 1.96 value comes from the Z-distribution (standard normal distribution)

table for Z

1-a/2”

where o = 0.05 (1.0-0.95, where 0.95 is the confidence interval).
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Figure 6. The distribution of A, drainage area; B, areal percentage of sand and gravel deposits; and
C, areal percentage of forest land for intermittent- and perennial-stream sites in the eastern region of
Massachusetts (ER), western region of Massachusetts (WR), and throughout Massachusetts (MA).
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Table 4. Analysis of maximum likelihood estimates for the logistic regression equation for estimating the probability

of a stream flowing perennially in Massachusetts.

[<, less than]

Explanatory variable Degrees of Estimate  Standard error  Chi-square p-value
freedom
Intercept 1 2.8084 0.6105 21.1608 <0.0001
Drainage area (natural logarithm — In) 1 9884 1852 28.4758 <.0001
Areal percentage of sand and gravel deposits 1 0111 .0056 3.8979 .0483
Areal percentage of forest land 1 -.0233 .0076 9.5072 .0020
Region' 1 7500 .3208 5.4663 .0194

'Region is either the eastern or western region of Massachusetts. See figure 1 for region delineations.

Verification

In the Shawsheen River Basin to verify the logistic
regression equation, 28 stream sites (not included in the
development of the equation) with drainage areas less than
2.00 mi? were observed to determine their intermittent or
perennial stream status on July 31, and August 1, 2002
(fig. 7 and table 9, at back of report). The 28 stream sites
were observed during flow durations between 85 and
92 percent, which is within the range of flow durations for
the 285 stream sites used to develop the equation (figs. 4B
and 4C). Predictions of the intermittent and perennial status
of the sites were compared to their observed stream status.
The equation correctly estimated the intermittent or perennial
status compared to the observed stream status by using a
probability cutpoint of 0.56 for 20 of the 28 stream sites
(71.4 percent). Of the 8 stream sites incorrectly classified,

5 sites observed to be intermittent were estimated to be
perennial, and 3 sites observed to be perennial were estimated
to be intermittent.

To verify the logistic regression equation further, predic-
tions by the equation of the intermittent and perennial status
of 84 stream sites with drainage areas less than 2.00 mi* in
the South Coastal Basin were compared to their observed
status (fig. 8 and table 10, at back of report). These sites were
observed during mid-July through early September 1999 and
were used in the study by Bent and Archfield (2002). The 84
stream sites were observed during flow durations between 73

and 99 percent, with 92 percent of the observations between
80 and 96 percent, which is within the range of flow durations
for the 285 stream sites used to develop the equation (figs. 4B
and 4D). The equation correctly estimated the intermittent or
perennial status, compared to the observed stream status, by
using a probability cutpoint of 0.56 for 53 of the 84 stream
sites (63.1 percent). Of the 31 stream sites incorrectly classi-
fied, 23 sites observed to be intermittent were estimated to be
perennial, and 8 sites observed to be perennial were estimated
to be intermittent.

Application

An example application of the equation is provided
for stream site GM-06 (fig. 2 and table 9, at back of report),
Unnamed Tributary to Lake Buel at State Rt. 23 in Great
Barrington, Massachusetts in the Housatonic River Basin.
Flow was observed at this stream site on August 23, 2001, and
the site is represented as intermittent on the USGS topographic
map (Great Barrington, Mass.—N.Y.). The values of the
explanatory variables used in the logistic regression equation
were the natural logarithm of the drainage area of 0.53 mi?
(x,), the areal percentage of sand and gravel deposits of
0.00 percent (x,), and the areal percentage of forest land of
78.76 percent (x,). The integer location variable (x,), was
1 because the stream site is located in the western region of
the state.

The probability calculated by equation 2 that stream site GM-06 would be perennial is

exp (2.8084 +0.98841n(0.53)+0.0111(0.00)—0.0233(78.76) +0.7500(1))

I+ exp(2.8084+0.98841n(0.53)+0.0111(0.00)— 0.0233(78.76 ) + 0.7500(1))

=0.75.
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The upper and lower limits of the 95-percent confidence interval calculated by equations 3—6 for the probability that stream

site GM-06 would be perennial is

variance=0.372729+0.034308 (In(0.53)) +0.000032(0.00)’ +0.000057(78.76)’
+0.102893(1)" +2(In(0.53))(0.048903)+2(0.00)(-0.001272)+2(78.76 ) (-0.004189)
+2(1)(0.018564)+2(In(0.53))(0.00)(0.000131)+2(In(0.53))(78.76)(-0.000306 )
+2(In(0.53))(1)(0.003397)+2(0.00)(78.76)(0.000011)+2(0.00)(1)(0.000163)

+2(78.76)(1)(-0.000800)
=0.06;

standard error = (0. 06 )1/2 =0.24;

exp (2.8084 +0.9884n(0.53)+0.0111(0.00) — 0.0233(78.76) + 0.7500 (1) — (1.96 ) (0.24))

lower limit =

1+ exp (2.8084 4 0.9884n(0.53)+ 0.0111(0.00) — 0.0233(78.76 )+ 0.7500(1) — (1.96 ) (0.24))

=0.65;
and
it exp (2.8084 4 0.9884 n(0.53) +0.0111(0.00) — 0.0233(78.76 ) +0.7500 (1) +(1.96 ) (0.24))
upper limil —
o 1+ exp (2.8084 + 0.9884n(0.53) + 0.0111(0.00) — 0.0233(78.76 )+ 0.7500 (1) + (1.96 ) (0.24))
=0.83.

Thus, for stream site GM-06, the probability of the stream flowing perennially is 0.75, and the lower and upper limits of the

95-percent confidence interval are 0.65 and 0.83.

Probabilities and the lower and upper limits for the
95-percent confidence intervals calculated by the logistic
regression equation are given for the 351 stream sites visited
throughout Massachusetts in 2001, the 28 sites visited in the
Shawsheen River Basin in 2002, and 84 sites visited in the
South Coastal Basin in 1999 in tables 8—10 (at back of report).

Probability Cutpoint

A probability cutpoint in logistic regression analyses is
the probability level chosen as the boundary between the two
response groups known as “event” or “nonevent.” Computed
probabilities equal to or greater than the cutpoint are classified
as an “event” and those less than the cutpoint are classified as
a “nonevent.” In this study, an “event” is a classification of a
stream site as perennial, and a “nonevent” is a classification
of a site as intermittent. In general, the higher the probability
cutpoint, the more likely a stream site would be classified as

intermittent and the greater the likelihood that a perennial
stream site could be incorrectly classified as intermittent.
Conversely, the lower the cutpoint used, the more likely a
stream site would be classified as perennial and the greater the
likelihood that a intermittent stream site could be incorrectly
classified as perennial. The determination of the probability
cutpoint requires an evaluation of the accuracy of the equation
in classifying events and nonevents, in balancing incorrect
classification of events and nonevents, or both.

The evaluation of the predictive accuracy of the equation
in this study was done with the classification table (table 5)
produced during the logistic regression analyses. At a proba-
bility cutpoint of 0.56, the equation reaches its maximum level
of correctness (75.1 percent), but if a stream site is incorrectly
classified at this value, an intermittent site would be more
likely to be incorrectly classified as perennial than a perennial
site to be incorrectly classified as intermittent. Sensitivity is
the ratio of correctly classified events to the total number of
events. At a cutpoint of 0.56, the sensitivity is 87.6 percent,
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Figure 7. Locations of field-visited stream sites designated as intermittent or perennial used in verification of the
logistic regression equation for estimating the probability of a stream flowing perennially in the Shawsheen River Basin,
northeastern Massachusetts, late July and early August 2002. Seven selected headwater stream reaches are also shown.
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Figure 8. Locations of field-visited stream sites designated as intermittent or perennial used in verification of the logistic
regression equation for estimating the probability of a stream flowing perennially in the South Coastal Basin, southeastern

Massachusetts, mid-July through early September 1999.
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Table 5. Classification table for probability levels for the logistic regression equation for estimating the probability of a stream flowing
perennially in Massachusetts.

[Correct: The frequency with which observations are correctly classified. Incorrect: The frequency with which observations are incorrectly classified.

Event: A perennial observation. Nonevent: An intermittent observation. Percentages: Correct: The probability that the equation correctly classifies the

sample data for each probability cutpoint. Sensitivity: The ratio of correctly classified events to the total number of events. Specificity: The ratio of correctly

classified nonevents to the total number of nonevents. False positive: The ratio of the number of nonevents incorrectly classified as events to the sum of all

observations classified as events. False negative: The ratio of the number of events incorrectly classified as nonevents to the sum of all observations classified

as nonevents. SAS Institute, Inc., 1995, p. 45-50]

Probability Correct Incorrect Percentages
(clll‘:;:ilnt) Event Nonevent Event Nonevent Correct  Sensitivity Specificity pz:::i?le n::;:;e
0.00 202 0 83 0 70.9 100.0 0.0 29.1 0.0
.02 202 0 83 0 70.9 100.0 .0 29.1 .0
.04 202 0 83 0 70.9 100.0 .0 29.1 .0
.06 202 0 83 0 70.9 100.0 .0 29.1 .0
.08 202 0 83 0 70.9 100.0 .0 29.1 .0
.10 202 0 83 0 70.9 100.0 .0 29.1 .0
12 202 0 83 0 70.9 100.0 .0 29.1 .0
.14 202 1 82 0 71.2 100.0 1.2 28.9 .0
.16 202 2 81 0 71.6 100.0 2.4 28.6 .0
18 201 2 81 1 71.2 99.5 2.4 28.7 333
.20 201 2 81 1 71.2 99.5 2.4 28.7 333
22 201 2 81 1 71.2 99.5 2.4 28.7 333
24 201 2 81 1 71.2 99.5 2.4 28.7 333
26 199 5 78 3 71.6 98.5 6.0 28.2 37.5
28 199 8 75 3 72.6 98.5 9.6 274 27.3
30 199 9 74 3 73.0 98.5 10.8 27.1 25.0
32 198 9 74 4 72.6 98.0 10.8 27.2 30.8
34 196 10 73 6 72.3 97.0 12.0 27.1 37.5
.36 196 11 72 6 72.6 97.0 13.3 26.9 353
.38 196 11 72 6 72.6 97.0 13.3 26.9 353
40 193 12 71 9 71.9 95.5 14.5 26.9 42.9
42 192 13 70 10 71.9 95.0 15.7 26.7 43.5
44 190 16 67 12 72.3 94.1 19.3 26.1 42.9
46 190 20 63 12 73.7 94.1 24.1 24.9 37.5
48 189 25 58 13 75.1 93.6 30.1 23.5 342
.50 186 25 58 16 74.0 92.1 30.1 23.8 39.0
52 183 26 57 19 73.3 90.6 313 23.8 42.2
54 180 34 49 22 75.1 89.1 41.0 214 39.3
.56 177 37 46 25 75.1 87.6 44.6 20.6 40.3
.58 173 39 44 29 74.4 85.6 47.0 20.3 42.6
.60 171 41 42 31 74.4 84.7 494 19.7 43.1
.62 164 43 40 38 72.6 81.2 51.8 19.6 46.9
.64 159 45 38 43 71.6 78.7 54.2 19.3 48.9
.66 155 49 34 47 71.6 76.7 59.0 18.0 49.0
.68 145 49 34 57 68.1 71.8 59.0 19.0 53.8
.70 135 52 31 67 65.6 66.8 62.7 18.7 56.3
2 131 56 27 71 65.6 64.9 67.5 17.1 55.9
14 124 58 25 78 63.9 61.4 69.9 16.8 574
76 113 60 23 89 60.7 55.9 72.3 16.9 59.7
18 102 63 20 100 57.9 50.5 75.9 16.4 61.3
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Table 5.
perennially in Massachusetts.—Continued

Classification table for probability levels for the logistic regression equation for estimating the probability of a stream flowing

[Correct: The frequency with which observations are correctly classified. Incorrect: The frequency with which observations are incorrectly classified.
Event: A perennial observation. Nonevent: An intermittent observation. Percentages: Correct: The probability that the equation correctly classifies the
sample data for each probability cutpoint. Sensitivity: The ratio of correctly classified events to the total number of events. Specificity: The ratio of correctly
classified nonevents to the total number of nonevents. False positive: The ratio of the number of nonevents incorrectly classified as events to the sum of all
observations classified as events. False negative: The ratio of the number of events incorrectly classified as nonevents to the sum of all observations classified

as nonevents. SAS Institute, Inc., 1995, p. 45-50]

Probability Correct Incorrect Percentages
(c:::ilnt) Event Nonevent Event Nonevent Correct  Sensitivity Specificity pcl:::tsi:e n::;:i(:le
0.80 96 68 15 106 57.5 47.5 81.9 13.5 60.9
.82 86 73 10 116 55.8 42.6 88.0 10.4 61.4
.84 67 74 9 135 49.5 33.2 89.2 11.8 64.6
.86 59 75 8 143 47.0 29.2 90.4 119 65.6
.88 47 78 5 155 43.9 23.3 94.0 9.6 66.5
.90 38 80 3 164 41.4 18.8 96.4 7.3 67.2
92 26 81 2 176 37.5 12.9 97.6 7.1 68.5
94 17 83 0 185 35.1 8.4 100.0 .0 69.0
.96 6 83 0 196 31.2 3.0 100.0 .0 70.3
98 2 83 0 200 29.8 1.0 100.0 .0 70.7
1.00 0 83 0 202 29.1 .0 100.0 0 70.9

because 177 of the 202 events are correctly classified. Speci-
ficity is the ratio of correctly classified nonevents to the total
number of nonevents. At a cutpoint of 0.56, the specificity is
44.6 percent, because 37 of 83 nonevents were correctly clas-
sified. Sensitivity differs from false positive, which is the ratio
of the number of nonevents incorrectly classified as events to
the sum of all observations classified as events. At a cutpoint
of 0.56, the false positive is 20.6 percent, which is the ratio

of 46 nonevents incorrectly classified as events to the sum of
223 events. Specificity differs from false negative, which is the
ratio of the number of events incorrectly classified as non-
events to the sum of all observations classified as nonevents.
At a cutpoint of 0.56, the false negative is 40.3 percent, which
is the ratio of 25 events incorrectly classified as nonevents to
the sum of 62 nonevents.

Other cutpoint probabilities could be used. For example,
at a probability cutpoint of 0.54, the equation also had a level
of correctness equal to 75.1 percent (table 5), but the differ-
ence between the sensitivity and specificity is 5.1 percent
greater than at the probability cutpoint of 0.56. At a cutpoint
of 0.72, the sensitivity (64.9 percent) and specificity
(67.5 percent) are about equal, but the correctness of the
equations drops to 65.6 percent.

If a probability cutpoint of 0.56 were used to classify
stream sites in the eastern region of the state (region variable
= 0), the maximum drainage area of an intermittent stream site
would be about 0.79 mi? if the areal percentage of sand and
gravel were O percent and the areal percentage of forest land
were 100 percent. The minimum drainage area for a perennial
stream site would be about 0.03 mi® if the areal percentage

of sand and gravel were 100 percent and the areal percentage
of forest land were O percent. Stream site DU-04 (Unnamed
Tributary to Wallis Pond, State Route 16, Douglas) had the
largest drainage area (0.56 mi?) for sites that were classified
intermittent (0.53 probability) in the eastern region of the state
by using a probability cutpoint of 0.56 (table 8, at back of
report). This stream site was observed to be perennial. Stream
site ML-01 (Unnamed Tributary to Flynns Pond, High Street,
Medfield) had the smallest drainage area (0.09 mi?) for sites
that were classified perennial (0.57 probability) in the eastern
region. This stream site was observed to be perennial.

If a probability cutpoint of 0.56 were used to classify
stream sites in the western region of the state (region variable
= 1), the maximum drainage area of an intermittent stream site
would be about 0.37 mi? if the areal percentage of sand and
gravel were O percent and the areal percentage of forest land
were 100 percent. The minimum drainage area for a perennial
stream site would be about 0.02 mi? if the areal percentage
of sand and gravel were 100 percent and the areal percentage
of forest land were O percent. Stream site PD-01 (Unnamed
Tributary to Amethyst Brook, North Valley Road, Pelham)
had the largest drainage area (0.28 mi?) for sites that were
classified intermittent (0.52 probability) in the western region
of the state by using a probability cutpoint of 0.56 (table 8, at
back of report). This stream site was observed to be intermit-
tent. Stream site SV-05 (Unnamed Tributary to Kellog Brook,
State Route 10/State Route 202, Southwick) had the smallest
drainage area (0.07 mi?) for sites that were classified perennial
(0.58 probability) in the western region. This stream site was
observed to be intermittent.
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Comparison of Equation to Other
Methods of Determining the
Intermittent or Perennial Status of
Streams

To assess the accuracy of the logistic regression equa-
tion in estimating the intermittent or perennial status of stream
sites, the observed stream statuses of the 351 sites were also
compared to the status depicted on USGS topographic maps
(original Regulations), the status predicted under the revised
Regulations (December 20, 2002), the previously published
logistic regression equation (Bent and Archfield, 2002), and
selected low-flow statistics generated by STREAMSTATS
(Ries and others, 2000, Ries and Friesz, 2000). A probability
cutpoint of 0.56 was used for the equation determined for this
study. For the previously published logistic regression equa-
tion, a probability cutpoint of 0.38 (representing the maximum
level of correctness of about 72 percent for that equation) was
used. The selected low-flow statistics evaluated by STREAM-
STATS were the 99-, 98-, 95-, 90-, 85-, and 80-percent flow
durations. If the streamflow was estimated to be 0.00 ft*/s for
any of the flow durations, then the stream site was classified as
intermittent; if it was 0.01 ft*/s or greater, then the stream site
was classified as perennial. For stream sites in the Buzzards
Bay Basin, North Coastal Basin, and Taunton River Basin
(fig. 1) for which STREAMSTATS currently (2006) does not
function, the explanatory variables (drainage area, area of
stratified deposits, length of streams, mean basin slope, and
region of the state) were determined by the same GIS methods
used in STREAMSTATS.

The comparison among methods for correctly classifying
the intermittent or perennial status of the 285 stream sites with
drainage areas less than 2.00 mi* determined that the logistic
regression equation used in this study was 76.5 percent accu-
rate (table 6). The 76.5 percent is slightly greater than the
75.1 percent correct at the 0.56-probability level reported in
table 5. This 1.4-percent difference was the result of differ-
ences in the calculation techniques. The correctness of the
logistic regression equation in this study (table 6) was evalu-
ated by determining the percentage of stream sites whose clas-
sification as intermittent or perennial with the 0.56-probability
cutpoint matched the observed stream status. This was the
only mechanism to evaluate the different methods for correctly
classifying the intermittent or perennial status of stream sites
within drainage-area ranges from 0.00 to 2.00 mi®. Differences
between the two calculation techniques are discussed in detail
by SAS Institute, Inc. (1995, p. 35-36, 39-40, and 49-50).
For the remaining methods, (1) USGS topographic maps
(original Regulations) correctly depicted 62.8 percent of the
285 stream sites, (2) the revised Regulations (Rivers Protec-
tion Act, December 20, 2002) correctly classified 69.1 percent,
(3) the previously published logistic regression equation (Bent
and Archfield, 2002) correctly classified 37.5 percent, and (4)
the selected low-flow statistics correctly classified 58.9 to

72.3 percent (table 6). Of the alternative methods, the 98- and
90-percent flow durations classified the most stream sites cor-
rectly (72.3 percent).

The logistic regression equation used in this study
was as accurate or more accurate than the other methods
in classifying the stream status in 7 of the 10 drainage-area
ranges from 0.00 to 0.99 mi? (table 6). Only in the drainage-
area ranges from 0.00 to 0.09, from 0.50 to 0.59, and from
0.80 to 0.89 mi? did the previously published equation by
Bent and Archfield (2002) (by one stream site), the revised
Regulations and the selected low-flow statistics (by two to
three stream sites), and the revised Regulations (by one site),
respectively, prove to be more accurate than the equation
used here in matching the observed stream status. In the
three drainage-area ranges from 1.00 to 1.99 mi?, the logistic
regression equation used in this study, the revised Regulations,
and the selected low-flow statistics (except the 99-percent
flow duration) matched the observed stream status from
84.0 to 94.4 percent of the time. In the three drainage-area
ranges from 2.00 to 10.99 mi?, all methods had the same
level of accuracy, except the previously published logistic
regression equation (Bent and Archfield, 2002) for two of the
drainage-area ranges. None of the methods were 100-percent
accurate in the 3.00-4.99 mi? and 5.00-10.99 mi* drainage-
area ranges, because they could not correctly predict the
observed intermittent stream status at sites BA-03, Dry Brook
in Bernardston (drainage area of 3.48 mi®) and AE-01, Dry
Brook in Adams (drainage area of 10.46 mi®), respectively.

Additional comparison of the logistic regression equa-
tion used in this study to other methods in classifying the
stream status was done by using the verification sites in the
Shawsheen River Basin and the South Coastal Basin (previous
study by Bent and Archfield, 2000) (table 7). In the Shaw-
sheen River Basin, the logistic regression equation used in this
study correctly classified 71.4 percent of the 28 stream sites,
and only the low-flow statistics for the 98- to 80-percent flow
durations were as accurate or more accurate. The 98-percent
flow-duration method estimated the statuses of most sites cor-
rectly (85.7 percent). In the South Coastal Basin, the logistic
regression equation used in this study correctly classified
60.7 percent of the 84 stream sites; the previously published
logistic regression equation (Bent and Archfield, 2002) and the
80- to 95-percent flow-duration methods gave more accurate
estimates. The 95-percent flow-duration method estimated the
statuses of the most stream sites correctly (67.9 percent).

Overall, the logistic regression equation used for this
study was more accurate than the other methods considered in
correctly classifying the intermittent or perennial status of a
stream site for the range of drainage areas from 0.00 to
2.00 mi® over the entire state. The reason why the selected
low-flow statistics between the 98- and 80-percent flow dura-
tions were as accurate or more accurate than the equation used
in this study in some ranges of drainage areas and areas of
the state (Shawsheen River Basin and South Coastal Basin) is
likely that 95 percent of the observations of stream status were
between the 97- and 82-percent flow durations. Additionally,
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Table 7.

Percentage of matches between several different classification methods and the field-observed intermittent or perennial

status of stream sites in the Shawsheen River Basin, northeastern Massachusetts, late July through early August 2002, and in the
South Coastal Basin, southeastern Massachusetts, mid-July through early September 1999.

[mi?, square mile; ft*/s, cubic feet per second; USGS, U.S. Geological Survey]

Percentage
- Bent and STREAMSTATS
. Number
Drainage U Lodistic _ Archfield
area regression  USGS Revised logistic
(mi?) stlzeam equation topographic Regula- o rgession 99-percent 98-percent 95-percent 90-percent 85-percent 80-percent
sites used in map tions gress flov_v flov_v rov_v flov_v flov_v flov_v
; equation  dyration  duration duration duration duration  duration
this study
(2002)
Shawsheen River Basin
0.00-1.99 28 71.4 53.6 60.7 28.6 60.7 85.7 82.1 75.0 75.0 71.4
South Coastal Basin
0.00-1.99 84 60.7 52.4 524 65.5 48.8 59.5 67.9 62.1 64.3 61.9

the previously published logistic regression equation devel-
oped by Bent and Archfield (2002) was slightly more accurate
(by four stream sites or 4.8 percent) than the equation used in
this study in correctly classifying the status of a stream in the
South Coastal Basin. This greater accuracy of the previously
published equation (Bent and Archfield, 2002) is likely the
result of its specific location variable based on field observa-
tions at 132 stream sites in the South Coastal Basin, whereas
the equation used in this study includes field observations at
only 24 sites in the basin.

Limitations of the Logistic Regression
Equation and Areas for Further Study

The logistic regression equation is applicable for
stream sites with drainage areas between 0.04 and 2.00 mi?
in Massachusetts, because this was the range of drainage
areas used in equation development. The equation, which
is based on data from naturally flowing streams, should be
applicable to most stream sites because regulations, such as
dams, surface-water withdrawals, ground-water withdrawals
(pumping wells), diversions, wastewater discharges, and
so forth, generally would not occur in basins smaller than
2.00 mi2. If a stream site is regulated, the equation estimates
the intermittent or perennial stream status as if the stream
were naturally flowing. The equation is not applicable for
losing stream reaches, because the equation would tend to
overpredict the probability of a stream flowing perennially
at a site. Examples of losing stream reaches are stream sites
AE-01, Dry Brook in Adams, and BA-03, Dry Brook in
Bernardston (table 8, at back of report).

The logistic regression equation is not applicable in areas
of Massachusetts where ground-water contributing areas and

surface-water drainage areas to stream sites differ appreciably.
This condition may be present in southeastern Massachusetts,
particularly for streams draining the Southeast Coastal
Region—the southern part of the South Coastal Basin, the
eastern part of the Buzzards Bay Basin, and the entire
area of the Cape Cod and Islands Basins (fig. 1). In these
areas, ground water can flow from one basin into another;
therefore, in basins whose ground-water contributing areas
are larger than their surface-water drainage areas, the
equation would likely underpredict the probability that a
stream is perennial. Conversely, in areas whose ground-
water-contributing areas are smaller than their surface-water
drainage areas, the equation would likely overpredict the
probability that a stream is perennial.

The accuracy of the logistic regression equation is
a function of the quality of the data used in the equation
development. These data include the observed intermittent or
perennial status of a stream site, the occurrence of unknown
regulation above a site, and the measured basin characteristics.
Basin characteristics of the stream sites used in the develop-
ment of the regression logistic equation are limited by the
accuracy of the digital data layers used. In the future, digital
data layers (such as hydrography, wetlands, surficial geol-
ogy, soils, DEMs, and land use) will likely become available
at scales with better resolutions than are currently (2006)
available. These digital data layers likely would improve
the accuracy of the measured basin characteristics used as
explanatory variables to predict the probability of a stream
flowing perennially, but would require re-examination of the
logistic regression equation. Digital data layers under devel-
opment that could improve the equation include: (1) county-
level soil-survey maps referred to as SSURGO database (U.S.
Department of Agriculture, Natural Resources Conservation
Service, Soil Survey Division, 2004); (2) 1970-2000 climate
data available through the Parameter-elevation Regressions on
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Independent Slopes Model (PRISM) climate-mapping system  programs/streamstats.html). A map-based interface is used in
of Spatial Climate Analysis Service at Oregon State University the Web-based application to allow a user to point and click

(lhtp.//www.ocs.oregonstate.edu/prismf); and (3) statewide on any stream site and have the application calculate selected
wetlands (1:12,000 scale) interpreted from stereo color-infra- streamflow statistics for an ungaged site or view available
red photography (MassGIS, 2004d). selected streamflow statistics for a gaged site. In a similar

The logistic regression equation could be incorporated manner, a user could click on any stream site in Massachusetts
into a Web-based application of the USGS Office of Surface and have the equation estimate the probability of a stream

Water STREAMSTATS Program (fattp.//water.usgs.gov/osw/ flowing perennially with the 95-percent confidence intervals.



http://www.ocs.oregonstate.edu/prism/
http://water.usgs.gov/osw/programs/streamstats.html
http://water.usgs.gov/osw/programs/streamstats.html
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Part2. An Automated Procedure for Mapping Perennially

Flowing Streams

By Peter A. Steeves ', Gardner C. Bent ', and Jennifer R. Hill ?

Mapping the Intermittent and Perennial
Reaches of Streams

The revised logistic regression equation was coupled with
an automated procedure for mapping intermittent and peren-
nial stream reaches in Massachusetts and tested for the Shaw-
sheen River Basin in northeastern Massachusetts (fig. 7). The
automated procedure utilizes ArcView GIS software including
a toolkit developed for the National Hydrography Dataset
(NHD). A map showing the transition points between intermit-
tent and perennial stream reaches and the stream reaches in the
Shawsheen River Basin is presented on a CD-ROM (appendix
2, in back pocket). The CD-ROM also contains ArcReader 9.0,
a freeware product, that allows a user to zoom in and out, set a
scale, pan, turn on and off map layers (such as a USGS topo-
graphic map), and print a map of the stream site with a scale
bar. This CD-ROM provides an example of the map products
that can be used by MDEP and city and town Conservation
Commissions, as well as by others, for determining the inter-
mittent or perennial status of a stream site in Massachusetts.

National Hydrography Dataset and Geographic
Information System Tools

The automated procedure requires several preprocessing
steps of the NHD (U.S. Geological Survey, 2005d). First, the
NHD needs to be available at a 1:24,000 scale in a shape-
file or coverage format. The NHD comprises surface-water
features such as lakes, ponds, rivers, and streams; information
about these features; and linkages between features (U.S.
Geological Survey, 2005b). The linkage between features
enables analysis and display of features in upstream or
downstream order with use of GIS technology. These high-
resolution stream-reach data are needed because of the
spatial detail provided for headwater streams and for the
associated small drainage area that generally defines the
boundary between intermittent and perennial stream reaches.
Second, elevation-derived data sets, like flow direction, flow
accumulation, and catchment grids, need to be developed
(U.S. Geological Survey, 2005d). Third, data layers and the
values of the explanatory variables (basin characteristics) used
in the logistic regression equation are required.

A set of GIS tools and applications has been specifically
developed for use with NHD in ArcView. The tools are in the
NHD ArcView Toolkit (U.S. Geological Survey, 2005¢), and
the applications include NHD Watershed and NHD Watershed
Characteristics (U.S. Geological Survey, 2005f). The NHD
ArcView Toolkit is a collection of ArcView extensions,
written in Avenue programming language to assist in the
understanding and use of NHD. One of the tools allows
the user to navigate a hydrologic network (for example, to
select reaches and other surface-water features that drain
to a selected reach) (U.S. Geological Survey, 2005¢). NHD
Watershed allows users to delineate a drainage basin from
any point on a stream (U.S. Geological Survey, 2005f). When
a user selects a point, NHD Navigate (in the NHD ArcView
Toolkit) first determines all reaches upstream of that point.
NHD Watershed then selects the associated drainage basins of
these reaches upstream of that point from a separate basin-
boundary data layer. The reach from which the point was
selected often requires further drainage-basin delineation
from Digital Elevation Models (DEMs) data from that point
to the next upstream reach. The drainage basin area of this
upstream reach is then combined with the drainage basins of
the reaches upstream of this reach to define the entire drainage
basin to a selected point on a stream. NHD Watershed
Characteristics summarizes watershed (basin) characteristics
for the delineated drainage area (U.S. Geological Survey,
2005f). Stream reaches not shown on USGS topographic
maps or upstream stream reaches which are not connected to a
downstream reach are not part of NHD, and, thus, are not part
of the automated mapping procedure.

Automated Mapping Procedure

The automated procedure steps through a selected basin
by determining all starting (headwater) stream reaches for
surface-water flow. The program then uses a search process
to find the point along a stream reach where the flow status
changes from intermittent to perennial. The following six steps
are completed within the program (fig. 9):

'U.S. Geological Survey, MA-RI Water Science Center,
Northborough, MA.

*Horizon Systems Corporation, Herndon, VA.
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Figure 9. The steps of the automated mapping procedure for mapping intermittent and perennial stream reaches
(1, intermittent; P, perennial; <, less than; >, greater than; =, equal to).
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1. Delineate drainage-basin boundaries for an initial
upstream point about 100 ft from the start of the stream
reach and an initial downstream point about 100 ft from
the end of the stream reach by using NHD Watershed. In
the first iteration, the upstream point is near the headwa-
ters of the reach, and the downstream point is near the
mouth or the confluence with the next downstream reach.

2. Summarize basin characteristics (drainage areas, areal
percentages of sand and gravel deposits, and areal per-
centages of forest land), as well as the region of the state
(eastern or western) (figs. 1-3), for the upstream and
downstream drainage basins by using NHD Watershed
Characteristics.

3. Compute the probability of the stream flowing perenni-
ally at the upstream and downstream points of the stream
reach by using the logistic regression equation.

4. Determine if the stream reach is intermittent, perennial, or
changes from intermittent to perennial: (A) if the prob-
ability at the upstream point is greater than the probability
cutpoint of 0.56, then the stream reach and all down-
stream stream reaches are coded “perennial” and the pro-
gram goes to step 1 for the next first-order stream reach;
(B) if the probability at the downstream point is less than
0.56, then the stream reach is coded “intermittent” and the
program goes to step 1 for the next downstream stream
reach; (C) if the probability at the downstream point is
greater than 0.56 and the probability at the upstream point
is less than 0.56, the transition point from intermittent to
perennial is somewhere along the reach, and the program
goes to step 5.

5. Find the midpoint between the upstream and downstream
points of the stream reach and calculate the probability for
that midpoint. Of the three points—upstream, midpoint,
and downstream—choose the two whose probabilities
are closest to but on opposite sides of 0.56. Then repeat
steps 1, 2, and 3 for these two points, which define the
new interval. The process iterates up and down as the two
calculated probabilities approach 0.56 until: (A) the point
whose probability is 0.56 is found; (B) 10 iterations are
run; or (C) the distance between the two points is less than
one-hundredth of the entire reach length. The last mid-
point is coded as the “transition point from intermittent
to perennial.”

6. Go to step 1 and repeat steps until the entire basin is
mapped.

Shawsheen River Basin Map Example

The automated mapping procedure was tested for the
Shawsheen River Basin. The 78-mi? basin is in Essex and
Middlesex Counties in northeastern Massachusetts (fig. 7),
and includes parts of 11 towns and 1 city (Lawrence). The

Shawsheen River flows northeastward for about 25 mi where it
drains into the Merrimack River. Because the river loses only
about 100 ft in altitude from its headwaters to its mouth (Gay
and Delaney, 1980) and flows through wetlands for more than
50 percent of its length (Simcox, 1992) the river has a low
gradient. Basin topography is characterized by low hills with
altitudes from about 10 ft at its confluence with the Merrimack
River to about 250 to 300 ft along its surface-water divide.

Of its 18 lakes and ponds, 9 have areas greater than 10 acres
(Simcox, 1992). The basin is about 61 percent underlain by
stratified deposits, which are mainly in the lowland areas along
the main stem of the Shawsheen River and its tributaries. The
upland areas are primarily underlain by till and bedrock.

Results of applications of the NHD, NHD ArcView Tool-
kit, NHD Watershed, NHD Watershed Characteristics, and the
logistic regression equation are provided for seven selected
first-order stream reaches in the Shawsheen River Basin
(fig. 7). The examples demonstrate how the probability of a
stream flowing perennially, the basin characteristics used to
solve the equation, and the 95-percent confidence intervals
change along a reach (figs. 10 and 11). These examples also
were done to test the automated mapping procedures devel-
oped for the study.

Seven different headwater (first-order) stream reaches
(fig. 7) were selected for estimating the probability of a stream
flowing perennially at incremental distances along the reach.
Changes in the probability of a stream flowing perennially,
the contributing drainage areas, the areal percentage of sand
and gravel deposits, and the areal percentage of forest land are
shown in relation to downstream distance from the headwaters
for these stream reaches in figure 10. Of the seven first-
order stream reaches, one reach is entirely intermittent
(reach D—Unnamed Tributary to Strong Water Brook
in Tewksbury), one reach is entirely perennial (reach
E—Unnamed Tributary to Elm Brook in Concord), and five
reaches change from intermittent to perennial on the basis
of the probability cutpoint of 0.56. For first-order stream
reaches A (Unnamed Tributary to Vine Brook in Burling-
ton), B (Unnamed Tributary to Shawsheen River in Bedford),
C (Unnamed Tributary to Heath Brook in Tewksbury), F
(Unnamed Tributary to Spring Brook in Bedford), and G
(Unnamed Tributary to Shawsheen River in Andover) there
is a noticeable increase of at least 0.12 in the probability of
the stream flowing perennially from less than 0.56 to greater
than or equal to 0.56 over a small stream-reach distance from
0.01 to 0.03 mi. The noticeable increases in the probability
for stream reaches A, B, and F result from increases in the
contributing drainage areas of 0.17, 2.01, and 0.12 mi?, respec-
tively (fig. 10B). The large increase in drainage area for stream
reach B is the result of most of the area of the runways and
tarmac at Hanscom Air Force Base in Bedford, Massachusetts,
becoming part of the contributing drainage area.

Typically, the transition from an intermittent to a peren-
nial stream reach is caused by increases in the drainage area.
Drainage area positively affects the probability of a stream
flowing perennially; drainage area has the largest coefficient in
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Figure 11. Probability of a stream flowing perennially and the upper and lower 95-percent confidence intervals along stream

reach C in the Shawsheen River Basin, northeastern Massachusetts. Stream reach C shown in figure 7.

the logistic regression equation because it is the most signifi-
cant explanatory variable in the equation, as shown for the
one-, two-, three-, and four-variable equations in appendix 1.
For stream reaches C and G, however, the drainage area only
increases by 0.05 and 0.02 mi? (fig. 10B), respectively, as

the probability increases from less than 0.56 to greater than

or equal to 0.56. In the case of stream reaches C and G, the
probability increases also appear to be related to increases of
12 and 11 percent, respectively, in the areal percentage of sand
and gravel deposits (fig. 10C). The areal percentage of forest
land (fig. 10D), which negatively affects the probability of a
stream flowing perennially, appears to have a smaller effect
on the probability than the areal percentage of sand and gravel
deposits even though its coefficient in the logistic regres-

sion equation is larger than the coefficient of sand and gravel
deposits. Generally, noticeable changes in the areal percentage
of forest land are accompanied by drainage-area changes

that outweigh those of the forest land. An exception to this
general relation is illustrated by stream reach E from 0.26 to
0.36 mi, where the probability of the stream flowing perenni-
ally decreases slightly from about 0.69 to 0.68 mainly because
of a 7-percent increase in the areal percentage of forest land.

The lower and upper 95-percent confidence intervals are
also important in estimating the probability of a stream flow-
ing perennially. The intervals can provide a range over which a
stream reach is likely to change from intermittent to perennial
for a given probability cutpoint. For example, on stream reach
C in the Shawsheen River Basin (fig. 11), the upper limit of
the 95-percent confidence interval for a probability cutpoint
of 0.56 is calculated to be at about 0.08 mi from the headwa-
ters, and the lower limit of the 95-percent confidence interval
is calculated to be at about 0.38 mi from the headwaters. At
this probability cutpoint, there is a 95-percent confidence that
the transition point from an intermittent to a perennial stream
reach is somewhere in this 0.30-mi segment of stream reach C.

In the Shawsheen River Basin, application of the auto-
mated mapping procedure indicated that 47 first-order stream
reaches were entirely intermittent, 35 first-order stream
reaches were entirely perennial, and 53 first-order stream
reaches had a transition point from intermittent to perennial
(fig. 12 and appendix 2). Of the 47 intermittent first-order
stream reaches, 42 drain into a perennial stream reach and 5
have transition points from intermittent to perennial in down-
stream second- or third-order stream reaches.
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Two types of errors were noted from visual quality
assurance and quality control (QA/QC) of the map for the
Shawsheen River Basin: (1) the drainage-basin boundary for
an intermittent stream reach was delineated off (disconnected
from) the centerline of the stream and (2) the drainage-basin
boundary for an intermittent stream reach was delineated
on the wrong stream. These errors, four of the first type and
one of the second type, occurred only on five stream reaches.
These errors were corrected manually independent of the auto-
mated mapping procedure.

Limitations

The maps produced with the automated mapping proce-
dure of intermittent and perennial stream reaches and transi-
tion points between these reaches were determined by using
the logistic regression equation and the probability cutpoint of
0.56. If this probability is calculated for a particular site, there
is a 75-percent likelihood that the stream is correctly classified
as perennial at that site. The lower and upper 95-percent con-
fidence intervals can be used to indicate the most downstream
and upstream points between which the transition point has
a 95-percent confidence of being located. Although the maps
provide fairly accurate depictions of intermittent and perennial
stream reaches and transition points, the calculated statuses
of all stream reaches should be checked against the results of
field observations during summer low-flow periods to ensure
the most accurate classification of the status of a stream reach.
The limitations discussed previously in the “Limitations of the
Logistic Regression Equation and Areas for Further Study”
section (Part 1) should also be considered in using the maps.
Stream reaches not depicted on USGS topographic maps are
not a part of the NHD, and thus, their stream statuses and tran-
sitions from intermittent to perennial are not mapped with the
automated mapping procedure or shown on the maps.

Summary and Conclusions

City and town conservation commissions and the
Massachusetts Department of Environmental Protection
(MDEP) are charged with protecting the riverfront areas of all
rivers that flow perennially (year round) within Massachusetts,
as specified in the Commonwealth of Massachusetts Rivers
Protection Act of 1996. The 310 Code of Massachusetts
Regulations (CMR) 10.58(2)(a) defines the riverfront area as
the 200-ft-wide area extending along the length of each side
of perennial streams from the mean annual high-water line
(determined by bankfull field indicators), with exceptions for
some urban areas.

The revised Regulations (December 20, 2002) specify
that USGS topographic maps or more recent maps provided
by MDEP will continue to be used for initial review of the
intermittent or perennial status of a stream. Streams depicted

Summary and Conclusions ]

as perennial on USGS topographic maps or on more recent
maps provided by MDEP will be classified as perennial. A
stream site depicted as perennial, however, can be reclassi-
fied as intermittent with direct observations of no flow during
any 4 days in any consecutive 12-month period. The observa-
tions cannot be made during a period of “extended drought”
as defined by the Massachusetts Drought Management Task
Force, or if a stream is measurably affected by withdrawals,
impoundments, or other anthropogenic flow reductions or
diversions. Streams depicted as intermittent or not depicted on
USGS topographic maps or more recent MDEP maps will be
classified on the basis of their drainage-area sizes. An inter-
mittent-stream site with a drainage area greater than or equal
to 1.00 mi? will be classified as perennial. An intermittent-
stream site with a drainage area greater than or equal to 0.50
mi? and less than 1.00 mi® will be classified as intermittent,
with two exceptions. First, if the streamflow estimated with
the World Wide Web application STREAMSTATS is equal

to or greater than 0.01 ft¥/s at the 99-percent flow duration,
then the stream site will be classified as perennial. Second, if
STREAMSTATS cannot be used and more than 75 percent of
the drainage area comprises stratified deposits, then the stream
site will be classified as perennial. This second exception
could occur if the stream is not depicted on USGS topographic
maps or more recent maps provided by the MDEP; or if the
stream is in the Buzzards Bay Basin, Cape Cod Basin, Islands
Basin, North Coastal Basin, or Taunton River Basin, where the
STREAMSTATS application does not function.

To assist city and town conservation commissions and
the MDEP in determining whether a stream site is intermittent
or perennial, a logistic regression equation was developed to
estimate the probability of a stream flowing perennially at a
specific site as a function of upstream basin characteristics.
From late July through early September 2001, 476 stream
sites throughout Massachusetts—except for the Cape Cod
Basin, Islands Basin, southern part of the South Coastal Basin,
and eastern part of the Buzzards Bay Basin—were observed
during low-flow conditions to determine their intermittent or
perennial status. Of the 476 stream sites visited in the state,
125 sites were omitted because of one or more of the follow-
ing conditions: (1) regulation of streamflows; (2) no visible
stream channel observed in the field; (3) site-access prob-
lems; (4) incorrect or no drainage-basin boundary drawn by
STREAMSTATS or a Watershed Analyst Tool; (5) problems
with STREAMSTATS or a Watershed Analyst Tool when the
stream site was near the end point of the stream centerline; (6)
the centerline data in STREAMSTATS or a Watershed Analyst
Tool starting slightly downstream of the stream site visited; (7)
the ground-water contributing area and surface-water drainage
area not coinciding; and (8) observations made when nearby
streamflows were too high (flow durations were lower than 80
percent).

The database included a total of 351 naturally flowing
(no regulation) stream sites (85 intermittent and 266 perennial
sites) with drainage areas that ranged from 0.04 to 10.96 mi>.
Of the 66 stream sites with drainage areas greater than
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2.00 mi?, 2 sites were intermittent and 64 sites were perennial.
The 2 intermittent stream sites have drainage areas of 3.48 and
10.46 mi?, and are underlain predominately by till and bedrock
uplands with short narrow areas of stratified deposits in their
river valleys. On the basis of this information, as well as the
information from the field visit, the stream sites were classi-
fied as losing stream reaches. Thus, stream sites with drainage
areas greater than 2.00 mi* were assumed to flow perennially,
and the database used to develop the logistic regression equa-
tion included only the 285 stream sites—83 intermittent and
202 perennial sites—with drainage areas less than 2.00 mi®.

Eleven different basin characteristics and a location
variable, and transformations of these variables, were tested
as potential explanatory variables for the logistic regression
equation. The equation was determined to be a function of (1)
drainage area (natural logarithm), (2) areal percentage of sand
and gravel deposits, (3) areal percentage of forest land, and (4)
region of the state (eastern region or western region). Equa-
tions were also formulated to calculate the upper and lower
limits of the 95-percent confidence intervals for the estimated
probability of a stream flowing perennially.

The logistic regression equation developed in this study
estimated the intermittent or perennial stream status at the
285 observed stream sites throughout the state more accu-
rately, in comparison to field observations of the stream status,
than the USGS topographic maps (original Rivers Protection
Act Regulations), revised Rivers Protection Act Regulations
(December 20, 2002), the previously published logistic regres-
sion equation developed by the USGS in 2002, and selected
low-flow statistics (99-, 98-, 95, 90, 85-, and 80-percent flow
durations) estimated with STREAMSTATS. The equation
used for this study was less accurate than the statistics for the
98- to 80-percent flow durations at estimating the intermittent
or perennial stream status of the 28 verification sites in the
Shawsheen River Basin. The equation used for this study was
less accurate than the statistics for the 95- to 80-percent flow
durations and the location-specific logistic regression equation
for the South Coastal Basin in the previously published study
at estimating the intermittent or perennial stream status of the
84 verification sites in the South Coastal Basin.

The logistic regression equation used for this study
provides an objective means of determining the probability
of a stream flowing perennially at a specific site; however,
the reliability of the equation is affected by the data used to
develop the equation. The equation is not recommended for
(1) drainage areas less than 0.04 mi® in the state, (2) losing
stream reaches, or (3) streams draining the Southeast Coastal
Region—the southern part of the South Coastal Basin, the
eastern part of the Buzzards Bay Basin, and the entire area of
the Cape Cod and Islands Basins. If the equation were used on
a regulated stream site, the estimated intermittent or perennial
status would reflect the natural flow conditions for that site.

An automated mapping procedure was developed in
ArcView for use with the National Hydrography Dataset
(NHD). The NHD ArcView Toolkit and the NHD Water-
shed and NHD Watershed Characteristics applications were
used in this automated procedure to determine the intermit-
tent or perennial status of consecutive stream sites along the
reaches in a given basin. The procedure starts at two locations
on a headwater (first-order) stream reach, one near its most
downstream point (about 100 ft upstream of its end point) and
one near its most upstream point (about 100 ft downstream
from its start point). The NHD Watershed application then
delineates the drainage-area boundaries, the NHD Watershed
Characteristics application determines values for the four
explanatory variables of the logistic regression equation,
and a project-specific script solves the equation for estimat-
ing the probability of a stream flowing perennially at the
two locations. The automated procedure then determines the
intermittent or perennial status of the reach on the basis of
the calculated probability values for the two locations and the
probability cutpoint (the set probability above which a stream
is considered to flow perennially, 0.56 for this study), or con-
tinues to iterate upstream or downstream between locations to
determine the location of the transition point between inter-
mittent and perennial stream reaches. If the first-order stream
reach was determined to be intermittent, the procedure moves
to the next downstream reach, and repeats the process until it
has covered the entire reach above a confluence. The auto-
mated procedure then moves to the next first-order stream, and
repeats the process until the entire watershed is mapped.

The automated procedure was tested on the stream net-
work in the Shawsheen River Basin in northeastern Massachu-
setts. The procedure classified 47 first-order stream reaches as
entirely intermittent, 35 first-order stream reaches as entirely
perennial, and 53 first-order stream reaches with a transition
point from intermittent to perennial. Of the 47 intermittent
first-order stream reaches, 42 were found to drain into a peren-
nial-stream reach at their confluences and 5 to drain into an
intermittent stream reach with a transition point in a down-
stream second- or third-order stream reach.

A map of the intermittent or perennial stream reaches
in the Shawsheen River Basin is provided on a CD-ROM
that accompanies this report. The CD-ROM also contains
ArcReader 9.0, a freeware product that allows a user to zoom
in and out, set a scale, pan, turn on and off map layers (such
as a USGS topographic map), and print a map of the stream
site with a scale bar. Maps of intermittent and perennial stream
reaches in Massachusetts will provide city and town conser-
vation commissions and the MDEP an additional method for
assessing the intermittent and perennial status of stream sites.



Acknowledgments

The author thanks the MDEP’s Perennial/Intermittent
Advisory Committee; the MDEP, Bureau of Resource Pro-
tection, Wetlands and Waterways Program; and the Massa-
chusetts Executive Office of Environmental Affairs, former
Taunton River Basin Watershed Team for providing input on
the State’s perspective related to stream-classification issues.
Thanks are due to USGS coworkers Stacey Archfield, Jaclyn
McHugh, Kristen Pitocco, Christopher Ragnelli, and Timothy
Thies for field assistance and data compilation; and to Phil-
lip Zarriello for programs written to determine selected basin
characteristics. Special thanks and appreciation are due to
USGS volunteers Thomas Archfield, Edgar Bent, Kim Bent,
Steven Mahood, and MDEP employees Heidi Davis and
Thomas Maguire for field assistance.

References Cited

Battaglin, W.A., Ulery, R.L., Winterstein, Thomas, and Wel-
born, Toby, 2003, Estimating the susceptibility of surface
water in Texas to nonpoint-source contamination by use
of logistic regression modeling: U.S. Geological Survey
Water-Resources Investigations Report 03—4205, 24 p.

Bent, G.C., 1994, Effects of timber cutting on runoff to Quab-
bin Reservoir, central Massachusetts, in Marston, R.A., and
Hasfurther, V.R., eds., Proceedings, The effects of human-
induced changes on hydrologic systems: Jackson Hole,
WY, 1994 Annual Summer Symposium of the American
Water Resources Association, June 26-29, 1994, p. 187—
196.

Bent, G.C., 2001, Effects of forest-management activities on
runoff components and ground-water recharge to Quab-
bin Reservoir, central Massachusetts: Forest Ecology and
Management, v. 143, issue 1-3, p. 115-129.

Bent, G.C., and Archfield, S.A., 2002, A logistic regression
equation for estimating the probability of a stream flow-
ing perennially in Massachusetts: U.S. Geological Survey
Water-Resources Investigations Report 02—4043, 45 p.

Bullock, Andrew, and Acreman, Michael, 2003, The role of
wetlands in the hydrologic cycle: Hydrology and Earth
System Sciences, v. 7, no. 3, p. 358-389.

Calhoun, D.L., Frick, E.A., and Buell, G.R., 2003, Effects
of urban development on nutrient loads and streamflow,
upper Chattahoochee River Basin, Georgia, 1976-2001, in
Hatcher, K.J., ed., Proceedings of the 2003 Georgia Water
Resources Conference, Athens, GA, April 23-24, 2003,

5 p., accessed April 30, 2004, at fattp://ga. water.usgs.govy
pubs/other/gwrc2003/pdf/Calhoun-GWRC2003.pdf

References Cited 43

Collett, D., 1991, Modelling binary data: New York, Chap-
man and Hall, 369 p.

Cook, E.D., 2001, Solutions manual to accompany Applied
Logistic Regression (2d ed.), D.W. Hosmer and Stanley
Lemeshow: New York, John Wiley and Sons, 270 p.

Eckhardt, D.V., Flipse, W.J., and Oaksford, E.T., 1989, Rela-
tion between land use and ground-water quality in the upper
glacial aquifer in Nassau and Suffolk Counties, Long Island,
New York: U.S. Geological Survey Water-Resources Inves-
tigations Report 86—4142, 35 p.

Eckhardt, D.V., and Stackelberg, P.E., 1995, Relation of
ground-water quality to land use on Long Island, New York:
Ground Water, v. 33, no. 6, p. 1019-1033.

Fairfax County, Virginia, Public Works and Environmental
Services, 2004, Perennial stream mapping project, accessed

January 12, 2003, at fattp.//www.co.fairfax.va.us/dpwes|
Watersheds/perennial.hin]

Flynn, R.H., 2003, Development of regression equations to
estimate flow durations and low-flow frequency statistics in
New Hampshire streams: U.S. Geological Survey Water-
Resources Investigations Report 02-4298, 66 p.

Francy, D.S., Gifford, A.M., and Darner, R.A., 2003, Esch-
erichia coli at Ohio bathing beaches—distribution, sources,
wastewater indicators, and predictive modeling: U.S.
Geological Survey Water-Resources Investigations Report
02-4285, 117 p., accessed October 2, 2003, at
bhowaterusgs.gov/reports/Abstracts/wrir02-4285.html

Fritz, K.M., 2004, Development of biological indicators, meth-
ods and assessment techniques for use in headwater inter-
mittent streams, accessed March 23, 2004, at
Epa.gov/region5/water/wqb/pdf/fritz_presentation.pd]

Fritz, K.M., Johnson, B.R., and Walters, D.M., 2005, Factors
controlling hydrologic permanence in headwater streams,
in Abstracts, Annual North American Bethological Society
Meeting, New Orleans, LA, 2005, accessed November 21,

2005, at fattp://www.benthos.org/database/allnabstracts)
Efi/db/NewOrleans2005abstracts/id/13]

Gay, FE.B., and Delaney, D.F., 1980, Hydrology and water
resources of the Shawsheen River Basin, Massachusetts:
U.S. Geological Survey Hydrologic Investigations Atlas
HA-614, 3 sheets, scale 1:48,000.

Harvard Forest, Harvard University, 2004, Headwater habitat
streams in central Massachusetts, accessed February 24,
2004, at http://harvardforest.fas.harvard.edu/data/p09f

Helsel, D.R., and Hirsch, R.M., 1992, Statistical methods in
water resources: Studies in Environmental Science 49,
Elsevier Science Publishing Company, Inc., New York,
522 p.



http://ga.water.usgs.gov/pubs/other/gwrc2003/pdf/Calhoun-GWRC2003.pdf
http://ga.water.usgs.gov/pubs/other/gwrc2003/pdf/Calhoun-GWRC2003.pdf
http://www.co.fairfax.va.us/dpwes/watersheds/perennial.htm
http://www.co.fairfax.va.us/dpwes/watersheds/perennial.htm
http://oh.water.usgs.gov/reports/Abstracts/wrir02-4285.html
http://oh.water.usgs.gov/reports/Abstracts/wrir02-4285.html
http://www.epa.gov/region5/water/wqb/pdf/fritz_presentation.pdf
http://www.epa.gov/region5/water/wqb/pdf/fritz_presentation.pdf
http://www.benthos.org/database/allnabstracts.cfm/db/NewOrleans2005abstracts/id/132
http://www.benthos.org/database/allnabstracts.cfm/db/NewOrleans2005abstracts/id/132
http://harvardforest.fas.harvard.edu/data/p09/hf095/hf095.html
http://harvardforest.fas.harvard.edu/data/p09/hf095/hf095.html

44 Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

Hornbeck, J.W., Adams, M.B., Corbett, E.S., Verry, E.S., and
Lynch, J.A., 1993, Long-term impacts of forest treatments
on water yield—a summary for northeastern United States:
Journal of Hydrology, v. 150, p. 323-344.

Hornbeck, J.W., Martin, C.W., and Eagar, C., 1997, Summary
of water yield experiments at Hubbard Brook Experimen-
tal Forest, New Hampshire: Canadian Journal of Forest
Research, v. 27, p. 2043-2052.

Hosmer, D.W., and Lemeshow, Stanley, 2000, Applied Logistic
Regression, (2d ed.): New York, John Wiley and Sons,
375 p.

Kliever, J.D., 1996, Low-flow characteristics of selected
streams in northern Rhode Island: U.S. Geological Survey
Water-Resources Investigations Report 95-4299, 11 p.

Kolka, R.K., and Stringer, J.W., 2000, USGS Water Resources
grant proposal—defining perennial, intermittent, and
ephemeral channels in eastern Kentucky—application for
forestry best management practices, accessed January 12,
2005, at http://water.usgs.gov/wrri/00grants/KYchannels.pdf

Koltun, G.E., and Sherwood, J.M., 1998, Factors related to
the joint probability of flooding on paired streams: U.S.
Geological Survey Water-Resources Investigations Report
98-4238, 32 p.

Langbein, W.B., and Iseri, K.T., 1960, General introduction
and hydrologic definitions, Manual of Hydrology, Part 1,
General Surface-Water Techniques: U.S. Geological Survey
Water-Supply Paper 1541-A, p. 18.

Leopold, L.B., 1994, A view of the river: Cambridge, MA,
Harvard University Press, 298 p.

Massachusetts Executive Office of Environmental Affairs and
Massachusetts Emergency Management Agency, 2001,
Working draft—Massachusetts drought management plan,
accessed February 15, 2003, at fattp://www.mass.gov/dcrf
waterSupply/rainfall/droughtplan.dod

Massachusetts Department of Environmental Protection,
2002a, Wetlands protection act regulations, 310 CMR
10.00, accessed January 10, 2005, at
bttp.//www.state.ma.us/dep/brp/ww/files/310cmr10.pdf

Massachusetts Department of Environmental Protection,
2002b, Preface to revisions to the Massachusetts wetlands
regulation (310 CMR 10.00)—relating to the definition of
“extended drought” and distinguishing “perennial rivers”
from “intermittent streams,” accessed October 2, 2003, at
http://www.sgate.ma.us/dep/brp/ww/files/310cmr10.pdf

MassGIS, 2004a, Datalayers/GIS Database—Hydrography
(1:25,000)—February 2004, accessed May 3, 2004, at
http:/twww.state.ma.us/mgis/hd.htnd

MassGIS, 2004b, Datalayers/GIS Database—Surficial
Geology—October 1999, scale 1:250,000, accessed
May 3, 2004, at fattp.//www.state.ma.us/mgis/sg. htm

MassGIS, 2004c¢, Datalayers/GIS Database—Land use—
January 2002, scale 1:25,000, accessed April 30, 2004,
at futtp.//www.state.ma.us/mgis/lus. htnl

MassGIS, 2004d, DEP wetlands (1:12,000)—October 27,
2004, accessed January 11, 2005, at
http:/fwww.state.ma.us/mgis/wetdep.htm

Meinzer, O.E., 1923, Outline of ground-water hydrology, with
definitions: U.S. Geological Survey Water-Supply Paper
494,71 p.

Mrazik, B.R., Mader, D.L., and MacConnell, W.P., 1980,
Integrated watershed management—an alternative for
the northeast: Amherst, MA, Massachusetts Agricultural
Experiment Station, Research Bulletin 664, 50 p.

Mueller, D.K., Ruddy, B.C., and Battaglin, W.A., 1997, Logis-
tic model of nitrate in streams of the upper-midwestern
United States: Journal of Environmental Quality, v. 26,
no. 5, p. 1223-1230.

Nolan, B.T., 2001, Relating nitrogen sources and aquifer sus-
ceptibility to nitrate in shallow ground waters of the United
States: Ground Water, v. 39, no. 2, p. 290-299.

Nolan, B.T., Ruddy, B.C., Hitt, K.J., and Helsel, D.R., 1997,
Risk of nitrate in ground waters of the United States—a
national perspective: Environmental Science and Technol-
ogy, v. 31, no. 8, p. 2229-2236.

Nolan, B.T., Hitt, K.J., and Ruddy, B.C., 2002, Probability of
nitrate contamination of recently recharged ground waters
in the conterminous United States: Environmental Science
and Technology, v. 36, no. 10, p. 2138-2145.

North American Benthological Society, 2002, Ecological
functions of intermittent streams, in Abstracts, 2002 Annual
Meeting, Pittsburgh, PA, May 28—June 1, 2002, accessed
February 24, 2004, at fattp.//www.benthos.org/meeting{
habs2002/displaysession.cfim/id/43

North American Benthological Society, Abstracts, 2003, 2003
Annual Meeting, Athens, GA, May 27-May 31, 2003,
accessed April 23, 2004, at
http://www.benthos.org/meeting/nabs2003/index.htni

North American Benthological Society, 2005a, Temporary
waters—ecological values, policy, and management I,
in Abstracts, 2005 Annual Meeting, New Orleans, LA,
May 22-May 27, 2005, accessed November 21, 2005, at
http://www.benthos.org/meeting/nabs2005/displaysession)
m/id/16



http://water.usgs.gov/wrri/00grants/KYchannels.pdf
http://www.mass.gov/dcr/waterSupply/rainfall/droughtplan.doc
http://www.mass.gov/dcr/waterSupply/rainfall/droughtplan.doc
http://www.state.ma.us/dep/brp/ww/files/310cmr10.pdf
http://www.state.ma.us/dep/brp/ww/files/310cmr10.pdf
http://www.state.ma.us/mgis/hd.htm
http://www.state.ma.us/mgis/sg.htm
http://www.state.ma.us/mgis/lus.htm
http://www.state.ma.us/mgis/st_wetdep.htm
http://www.benthos.org/meeting/nabs2002/displaysession.cfm/id/45
http://www.benthos.org/meeting/nabs2002/displaysession.cfm/id/45
http://www.benthos.org/meeting/nabs2003/index.htm
http://www.benthos.org/meeting/nabs2005/displaysession.cfm/id/16
http://www.benthos.org/meeting/nabs2005/displaysession.cfm/id/16

North American Benthological Society, 2005b, Temporary
waters—ecological values, policy, and management II,
in Abstracts, 2005 Annual Meeting, New Orleans, LA,
May 22-May 27, 2005, accessed November 21, 2005, at
http://www.benthos.org/meeting/mabs2005/displaysession)
m/id/24

North Carolina Department of Environment and Natural
Resources, Division of Water Quality, Water Supply Protec-
tion Program, 2004, NC DENR—Division water quality
“redbook” surface waters and wetlands standards, accessed
January 12, 2003, at fattp://h20.ent.state.nc.us/admin/rules|
Hocuments/rb080104.pdf

North Carolina Department of Environment and Natural
Resources, Division of Water Quality, Wetlands/401
Water Quality Certification Unit, 2004, Stream evaluation
form, accessed January 12, 2005, at
http://h20.enr.state.nc.us/newetlands/strmfrm.html

Palmquist, Robert, 2003, Type N stream demarcation study,
phase I—pilot results: final report, version 6.85, Depart-
ment of Natural Resources, Washington, accessed March
23, 2004, at http://www.dnr.wa.gov/forestpractices)
kdaptivemanagement/pipstudyf

Paybins, K.S., 2003, Flow origin, drainage area, and hydro-
logic characteristics for headwater streams in the mountain-
top coal-mining region of southern West Virginia, 2000-01:
U.S. Geological Survey Water-Resources Investigations
Report 02-4300, 20 p.

Restrepo, Miguel, and Waisanen, Pamela, 2004a, Strategies for
stream classification using GIS, in Abstracts, 24™ Annual
ESRI International User Conference, San Diego, CA,
August 9-13, 2004, accessed January 12, 2005, at
ksri.com/library/userconf/proc04/abstracts/al 869.html

Restrepo, Miguel, and Waisanen, Pamela, 2004b, Strategies
for stream classification using GIS, Earth Resources, Obser-
vations, and Science, 19 p., accessed January 12, 2005, at
http:/fedna.usgs.gov/Edna/pubs/Stream_Classification._|
[Strategies_Paper.pdf

Ries, K.G., 1994a, Estimation of low-flow duration discharges
in Massachusetts: U.S. Geological Survey Water-Supply
Paper 2418, 50 p.

Ries, K.G., 1994b, Development and application of general-
ized-least-squares regression models to estimate low-flow
duration discharges in Massachusetts: U.S. Geological Sur-
vey Water-Resources Investigations Report 94-4155, 33 p.

Ries, K.G., 1997, August median streamflows in Massachu-
setts: U.S. Geological Survey Water-Resources Investiga-
tions Report 97-4190, 27 p.

References Cited 45

Ries, K.G., and Friesz, P.J., 2000, Methods for estimating low-
flow statistics for Massachusetts streams: U.S. Geological
Survey Water-Resources Investigations Report 00—4135,

81 p.

Ries, K.G., Steeves, P.A., Freeman, Aleda, and Singh, Raj,
2000, Obtaining streamflow statistics for Massachusetts
streams on the World Wide Web: U.S. Geological Survey
Fact Sheet 104-00, 4 p.

Rivenbark, B.L., and Jackson, C.R., 2004, Average discharge,
perennial flow initiation, and channel initiation—small
southern Appalachian Basins: Journal of the American
Water Resources Association, v. 40, no. 3, p. 639-646.

Rose, Seth, and Peters, N.E., 2001, Effects of urbanization on
streamflow in the Atlanta area (Georgia, USA)—a compara-
tive hydrologic approach: Hydrologic Processes, v. 15,

p. 1441-1457.

Rupert, M.G., 1998, Probability of detecting atrazine/desethyl-
atrazine and elevated concentrations of nitrate (NO, + NO,
—N) in ground water in the Idaho part of the upper Snake
River Basin: U.S. Geological Survey Water-Resources
Investigations Report 98-4203, 32 p., 1 pl., accessed
October 2, 2003, at
Vrtp://idaho.usgs.gov/PDF/wri984203/index. himl

Rupert, M.G., 2003, Probability of detecting atrazine/des-
ethyl-atrazine and elevated concentrations of nitrate in
ground water in Colorado: U.S. Geological Survey Water-
Resources Investigations Report 02—4269, 35 p., accessed
October 2, 2003, at
Vrtp://water.usgs. gov/pubs/wri/wri02-4269f

SAS Institute, Inc., 1989, SAS/STAT User’s guide (4th ed.):
Cary, N.C., version 6, v. 2, 846 p.

SAS Institute, Inc., 1995, Logistic regression examples using
the SAS system (1st ed.): Cary, N.C., version 6, 163 p.

Shanley, J.B., Strause, J.L., and Risley, J.C., 1995, Effects
of selective forest clearing, fertilization, and liming on
the hydrology and water quality of a small tributary to the
Quabbin Reservoir, central Massachusetts: U.S. Geological
Survey Water-Resources Investigations Report 95-4124,
57 p.

Simcox, A.C., 1992, Water resources of Massachusetts: U.S.
Geological Survey Water-Resources Investigations Report
90-4144, 94 p.

Simmons, D.L., and Reynolds, R.J., 1982, Effects of urbaniza-
tion on base flow of selected south-shore streams,
Long Island, New York: Water Resources Bulletin, v. 18,
p- 797-805.


http://www.benthos.org/meeting/nabs2005/displaysession.cfm/id/24
http://www.benthos.org/meeting/nabs2005/displaysession.cfm/id/24
http://h2o.enr.state.nc.us/admin/rules/documents/rb080104.pdf
http://h2o.enr.state.nc.us/admin/rules/documents/rb080104.pdf
http://h2o.enr.state.nc.us/ncwetlands/strmfrm.html
http://www.dnr.wa.gov/forestpractices/adaptivemanagement/pipstudy/
http://www.dnr.wa.gov/forestpractices/adaptivemanagement/pipstudy/
http://gis.esri.com/library/userconf/proc04/abstracts/a1869.html
http://gis.esri.com/library/userconf/proc04/abstracts/a1869.html
http://edna.usgs.gov/Edna/pubs/Stream_Classification_Strategies_Paper.pdf
http://edna.usgs.gov/Edna/pubs/Stream_Classification_Strategies_Paper.pdf
http://idaho.usgs.gov/PDF/wri984203/index.html
http://water.usgs.gov/pubs/wri/wri02-4269/

46 Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

Socolow, R.S., Leighton, C.R., Whitley, J.F., and Ventetu-
olo, D.J., 2002, Water resources data—Massachusetts and
Rhode Island, water year 2001: U.S. Geological Survey
Water Data Report MA-RI-01-1, 307 p.

Spatial Climate Analysis Service—Oregon Climate Service,
2004, Precipitation—annual climatology (1971-2000):
Oregon State University, accessed January 12, 2005, at
http:/fwww.ocs.orst.edu/prism/products/viewer.phtml?file=
Ypub/prism/us/graphics/ppt/Normals/us_ppt_1971 2000.14]
png&vear=1971_2000&vartype=ppt&month=14 & status=}

Spinello, A.G., and Simmons, D.L., 1992, Base flow of 10
south-shore streams, Long Island, New York: U.S. Geologi-
cal Survey Water-Resources Investigations Report 90-4205,
34 p.

Squillace, P.J., Moran, M.J., Lapham, W.W., Price, C.V.,
Clawges, R.M., and Zogorski, J.S., 1999, Volatile organic
compounds in untreated ambient groundwater of the United
States, 1985-1995: Environmental Science and Technol-
ogy, v. 33, no. 23, p. 4176-4187.

Stata Corporation, 2003, Stata base reference manual:
College Station, TX, release eight, reference volume 2
(G-M), 531 p.

Tasker, G.D., 1989, Regionalization of low flow characteris-
tics using logistic and GLS regression, in Kavvas, M.L. ed.,
New directions for surface water modeling: IAHS Publica-
tion No. 181, p. 323-331.

Tesoriero, A.J., and Voss, FD., 1997, Predicting the prob-
ability of elevated nitrate concentrations in the Puget Sound
Basin—implications for aquifer susceptibility and vulner-
ability: Ground Water, v. 35, no. 6, p. 1029-1039.

The Commonwealth of Massachusetts, 1996, An act providing
protection for the rivers of the Commonwealth, accessed
January 10, 2005, at
http:/fwww.state.ma.us/dep/brp/ww/files/riveract.htni

U.S. Department of Agriculture, Natural Resources Con-
servation Service, Soil Survey Division, 2004, National
SSURGO database—data, accessed April 29, 2004, at
http:/fwww.frw.nres.usda.gov/ssur_data.html

U.S. Department of Commerce, National Oceanic and Atmo-
spheric Administration, 2001, Climatological data: New
England—August 2001, v. 118, no. 8, 56 p.

U.S. Geological Survey, 1980, Technical instructions of
National Mapping Division, map editing, provisional chap-
ter 5C1: U.S. Department of the Interior, U.S. Geological
Survey, p. 16.

U.S. Geological Survey, 2005a, National Elevation Dataset,
accessed January 12, 2005, at http://ned.usgs.gov/

U.S. Geological Survey, 2005b, National Hydrography Data-
set, accessed January 12, 2005, at http://nhd.usgs.gov{

U.S. Geological Survey, 2005c, Elevation derivatives for
national applications, accessed January 12, 2005, at
http://edna.usgs.gov/

U.S. Geological Survey, 2005d, The National Hydrography
Dataset, NHD Watershed Tool—Instructions for prepro-
cessing supporting data layers, accessed April 26, 2005, at
http://nhd.usgs.gov/watershed/watershed tool inst TOC]

U.S. Geological Survey, 2005e, National Hydrography Dataset
Tools, accessed April 26, 2005, at
http://nhd.usgs.gov/tools.htm]

U.S. Geological Survey, 2005f, National Hydrography Dataset
Applications, accessed April 26, 2005, at
http://nhd.usgs.gov/applications.html]

Virginia Department of Conservation and Recreation, Chesa-
peake Bay Local Assistance, 2002, Chesapeake Bay pres-
ervation area of designation and management regulations,
accessed January 12, 2005, at
http://www.cblad.virginia.gov/theregs.cfm

Wandle, S.W., Jr., and Randall, A.D., 1994, Effects of surficial
geology, lakes, and swamps, and annual water availability
on low flows of streams in central New England and their
use in low-flow estimations: U.S. Geological Survey Water-
Resources Investigations Report 93—4092, 57 p.

Winter, T.C., Harvey, J.W., Franke, O.L., and Alley, W.M.,
1998, Ground water and surface water—a single resource:
U.S. Geological Survey Circular 1139, 79 p.


http://www.ocs.orst.edu/prism/products/viewer.phtml?file=/pub/prism/us/graphics/ppt/Normals/us_ppt_1971_2000.14.png&year=1971_2000&vartype=ppt&month=14&status=final
http://www.ocs.orst.edu/prism/products/viewer.phtml?file=/pub/prism/us/graphics/ppt/Normals/us_ppt_1971_2000.14.png&year=1971_2000&vartype=ppt&month=14&status=final
http://www.ocs.orst.edu/prism/products/viewer.phtml?file=/pub/prism/us/graphics/ppt/Normals/us_ppt_1971_2000.14.png&year=1971_2000&vartype=ppt&month=14&status=final
http://www.ocs.orst.edu/prism/products/viewer.phtml?file=/pub/prism/us/graphics/ppt/Normals/us_ppt_1971_2000.14.png&year=1971_2000&vartype=ppt&month=14&status=final
http://www.state.ma.us/dep/brp/ww/files/riveract.htm
http://www.ftw.nrcs.usda.gov/ssur_data.html
http://ned.usgs.gov/
http://nhd.usgs.gov/
http://edna.usgs.gov/
http://nhd.usgs.gov/watershed/watershed_tool_inst_TOC.html
http://nhd.usgs.gov/watershed/watershed_tool_inst_TOC.html
http://nhd.usgs.gov/tools.html
http://nhd.usgs.gov/applications.html
http://www.cblad.virginia.gov/theregs.cfm

Tables 8-10




Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

48

86 68’ 96’ eee 8€el €S°C g6 100C°10-8 €1 €01L €Ol Ty ydjopuey 1eeng 2a019 Yoorg dwems 2uyy,  70-¢O

S6° 8L 06’ 9911 SO€EL o¢ g6 1002-10-8 60C0TL 800 Th ydjopuey] 10218 YMUON YooId SIA0[D  [0-2O

8L £ LS 0S'1S 9t°66 60 96 1002-20-8  €SOTTL 87 60TF PRYPIIA 1921 YSIH ‘puod SUuAL] 03 Kreinquy powreuun)  10-TA

66 16’ L6 96°'1S 8C°6S €0°¢ g6 100C-10-8 SO+SOL OICI Ty WeySurH Ran§ plepg “JIOAR] InowA[d  [10-OH

00T 96 66 LTI SI'1¥ LY'S 8 1002-€0-8 0060 1L 0TSTTY uoiurpry ‘Kemreq Kafep dnsKN Yoorg A [0-MV

uiseg JogJeH uoisog

WeYJuaI

9¢ 8T I 0¢'1S 00’ 148 68 1002-20-8 9T TTIL TTTOTH  199mS Isop “Yoorq dwremg juing 0) reinqu paweuun)  ¢0-NX

06’ YL 78 89'Y9 109 Ie'1 68 100C-C0-8 SYTTIL €TT0cTy WEYIUAIA 1991§ 1S90 “Yoorg duremg umng  70-NX
J3)SADIOM

oL Is 19 LS9 YT'¢ 44 g6 100C-6C-8 ST ISTIL 60LICY ‘auer] 104 A10], ‘puod YooD 0} Arenqriy, peweuun)  70-SX
J13)SAJI0M

L6 I8 6 8¥°61 001 €01 g6 1002-62-8 0T SH IL 6S SI Ty ‘ONUdAY e ‘puowesSisumg) aye] o) AreInqui], paweuun  [0-SX

LS 89 6L 9¥°C8 YLY1 4! 76 1002-60-8 0CT9¢ 1L 80+0 Ty 93pLIqX() ‘}oen§ QUOISYOR[{ YooIq JuI0) (IS 70-XN

6 LL 88" Cles 98'LE 961 16 1002-60-8 ¢ o6c IL LOTOCY 93prIqX() ‘Jeen§ [oIneT Yoorg [Ime]  [0-XN
uoydn) ‘of1 N0y AvIS

43 6C o’ LO'8L €e'1e 61 Y6 1002-60-8 LFSETIL $I10I Ty PueIRang 10adsold Yoorq 1jud)) 0} ATeInquif, paweuun)  g0-dM
UoIXed “QALI(J JIOAISSY

ot 9T 9T 9L'8L 00’ € g6 100C-6C-8 6C+SIL 0CTLICY ‘C# JIOAIISIY YooIg ANRY 0) Areinquif, paweuun)  z0-dd
SIIIAITIIA

oL 1< 19° 1069 16° or 76 1002-60-8 LTHE 1L 0€ 10TH ‘T SINOY ABIS ISARY du0Isor[g 0} ArengrLi], paweuun)  [0-ZIN
KIQIIA ‘pPrOY UOBIDIN

4 89 8L 9C°S9 IS¢ 6 g6 1002628 SELVIL TOTITh ‘yonpanby 10ATy auoisyor[d 0} ATeInqLI], paweuu)  [0-XIN
se[3noq

L9’ 8¢ €S 6986 61°¢Cl 9¢” 68 100C-C0-8 VT LV IL €Te0Th ‘91 9In0Y AeIS ‘puod SIIeA 03 Arenquy, poweuu)  +0-Nd
se[3noq

680 0L0 18°0 6'¢8 L6V 091 68 100C-20-8 OV SY IL €€ €0y ‘Joan§ 1epa)) ‘puod yonfpeg 03 Areinquy, poweuu)  z0-Nd

uiseq Janly auolsyoe|g
uoifiay uia)se]
Ajjeluvasad  (yuaaisad) m”__M”“_“ﬂv (i) (aaiad)
ywip  yun  Buimopjweans  puej i e uoneinp  panasqo "o "o ‘ON
|aneib eale uO0I}eI0| PUE AWeU d)IS-Weans
1addn 1amoq jo Ayjiqeqoad  )saioy puepues  eBeuiesq Mojjpajews  ajeq  apnpbuol apmpe] uonels
pajewinsy jo eany 10 voly : -ns3

[sormu arenbs ;1w {A9AIng (801301000 *S° ) ‘SOHS ‘Ioquinu “ON ‘()00 ‘ZSIL] pue sary :SIVILSINVHAILS urodino Aiqeqoid
-8€°0 PIM (Z00T) PIRYYDIY pue juag :smejs uonenba snoirdad "z00g ‘07 12quiad(J UOISIADY :SNJe)s SuoNenSar pasiady utodind Ajiqeqoid-9g-( uo paseq :snjejs uonenba pasiAdy -als weans je A[[eru
-uarad urmory wreans Jo Aiqeqoid 10§ S[EAIDIUT 0UAPYUOD JuadIad-Gg sy Jaddn pue J19mo T "uone)s Surses-Mmo[Jueans xopul AQIeau Je MO[JWRANS J0J dN[EA UONRIND-MO[J [enba 01 pawnssy :uoneanp

MO[J PIJBWISH "SPUOIIS PUE ‘SANUIL ‘SIISIP U] :dPNJISUO] PUR IPMINE’] “¢ AINT1J U0 UMOYS JUINIUWLINUI SB PIAIISGO SJIS WRALS PUB 7 dINSIJ Ul UMOYS [eIuuaIod S8 PIAIISQO SIS WEBdNS "ON uone)s|

'spasnyaessel) ul Ajjeluualad Buimol) weasis e jo Aljigeqoad ayy Bunnewnsa 4oy uonenba uoissalbal o13s160| 8yl Jo Juawdo|danap ul pasn ‘100z
Jaquialdag Ajiea ybnoayy Ainp a3e| ‘spasnyaessely ul Ao 10 umo) pue ‘uiseq Jaall Jofew ‘uoifal Aq sals wealls paysIA-p|al) 104 UOIBWIOLUI J8Y10 pue uonduasa(

‘89|1qe]L



49

Table 8

d d d d d d I d d d d ydjopury e0ng da01n Yoorg dwemg 1L z0-2O
d d d d d I I d d d d ydjopuey Jeeng yuoN yoord sIA0[D  [0-20
PIRYPIN
d d d I I 1 I d d d d ‘1oong YSTH ‘puod suuk[ o) Arenquy, peureuun)  [0-TN
d d d d d d d d d d d WeySury 1ang pIeA “IOAR] Ynowk[d  10-OH
d d d d d d d d d d d uoiurpry ‘Kemdired Ad[[eA SNSAN Nooid [N 10-MV
uiseg JogJeH uoisog
WEYIUAIA
d d d I I I I I I I I 0018 159M Yoorq dwemg juing 0) ArenqU, poweuu - €0-NX
d d d d d d I d d d d WRUAIA 10218 Isop Yoo dwremg yumg  70-NX
JI1SADIOM
d d d d d I I I I d d ‘aue] 1oJ K10, ‘puod J0oD 03 Aenqu, pawreuun)  Z0-SX
JI)SADIOM ,o::®><
d d d d d 1 1 d 1 d d oY ‘puoweSisuIng aye] 0} AIINqU, paweuun)  [0-SX
d d d d d d 1 d d d d 93pLIqX[] 921G SUOISYIR[G YooIg JouIo) [[BS  TO-XN
d d d d d d I d d d d 93puqx() I92n§ [ome Yoorg [pmeT  [0-XN
uoidn ‘of1 Aoy eI
d d d d d 1 1 1 1 1 d pue 19a1§ 102dso1d “oolg 191U 0) Arejnqli] paweuu)  Z0-dN
uoyxed ‘QALI(J JIOAIISIY
d d d I 1 1 1 d d I 1 ‘C# JIOAIOSSY YOOI [NRY 0) Axengriy, paweuun)  z0-dd
SIIAIITA
d d d d d I 1 1 I d d ‘TTT MOy eI I2ARY uoIsor[g 0} Arenqu, psureuun)  [0-ZIN
AInq[[UA ‘peoy UIBIDIN
d d d d d d I d d d d ‘ponpanby JARY duoIsyor[d 0) Areinqu, pawreuu)  [0-XIN
se[3noq
d d d d d 1 1 d d I d ‘91 AINOY LIS ‘puod SI[eM 01 Keanquy, pawreuun)  $0-Nd
se[3noq
d d d d d d I d d d d ‘1001§ 18PA)) ‘puod donpeg o) Arenquy, peureuun)  ¢0-Nd
uiseg Janly auoisyoe|g
uoifiay uia)sey
smejs
08 58 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias aiydesb uonenba uoI}e90| pue aweu As-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIYLS sosn

[soqruu arenbs 1w {AoAIng [B0130[090) *S') ‘SHSN LIqUINU “ON "000T ‘ZSALI pue sary :SLVLSINVAULS utodino Ajiqeqord

-8€°0 YIM (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISTADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo A1jiqeqoid 10§ S[BAIUI OUIPIFU0D JUdd1d-G6 :syruu] 1oddn pue 19mo0] ‘uonels JurFe3-mo[Juwedns Xopul AGIBdU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJBWIST "SPUOIIS PUE ‘SINUIW ‘SIIIFIP U] :9pMISUO] PuL IpMNe T ¢ 2INS1J U0 UMOYS JUSIULIDIUI SB PIAIISQO SIS WEAL)S PUL ‘Z I UI UMOYS [RIUUAIAd SB PIAIISQO SI)IS WRANS 0N uone)s]

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.oul 1aylo pue uonduasag

‘8 2lqel



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

50

110d)sop ‘OuBT O[IAIOYSL]

oL ¢ o 8LYS 00° Se €8 100C-S0-6 CITOIL €TIE 1Y ‘ToARy Jod)sop youerd Isey o Arenqriy, poweuu)  G0-gX
y10disopm
IL [s 9 66°S9 00 144 €8 [00C-S0-6 6CSOIL T1CEIv 9A0D) S MOTH pue peoy UOLIB]A JeaN Yool sweyung — €0-dX
(4 L 8 ST'16 81y SLT €8 100C-170-6 LY v0IL 6¢ 0¥ I 1odisap ‘peoy proypag PIO Noorg sy pue prarg  [0-9X
S9 S 5% 8°SS ¢S91 (44 8 1002-90-6 COvrOL ¥09¥ IV WeydIep 121§ U]y ‘Uny AU0lS  10-AM
SL LS LY LO9L 0C'LT 4 8 1002-90-6 LTV¥SOL SO9% I 19)S9U0Y ‘GOT AIN0Y AeIS oorg AJUSY  70-4d
66 6 L6 91'CL S 60'8 €8 100C-S0-6 9¢8S 0L CTrOv Iv PIoJpag MON ‘PROY S[IAUIR[ MIN ‘IOALY Josueweysed  [0-DON
nastodeneN
I S4 65" LTC6 00 €L 8 1002-90-6 LT 9Y 0L LS 6€ TF ‘9 noy a3e1§ I0qiey pasiodeney 03 Arenquif, paweuun)  €0-(IN
oL 9¢” LY cloL 00 oL 8 1002-90-6 00 €SOL Ol 6€ 1Y postodenelA ‘peoy usAeIre Yoorg JImS  T0-[IN
EOCNE
€9 LE 0s” 6C'CS 00 0T 78 1002-90-6 +ItvPOL €TIv Iy ‘Peoy dsioauo)) ‘toqrey uedrddrg o) Krenquy, paweuu)  [0-JN
oL S4 65" L6°S6 00 I8 €8 [00C¥0-6 9¢COIL VICriIv JoAry [[ed ‘peoy nordo) Yoorg W[NN  70-dd
UQABUIIR]
69° LY 8¢ 6796 00 e 8 1002-90-6 80 ISOL 0¢ 8¢ I ‘peoy MeyS ‘9A0D) smeyg 03 Arenquif, paweuun)  10-HdA
LHSOEEQ
6§ e Sy 8168 €eve LT €8 1002-S06  +T00 TL 9S €€ TF  ‘PeOY JOSUISIOH “IOARY SWNOO[S 0} Arenquif, pawreuun)  80-Jd
L6 8 €6 €CTLL 97 79°C €8 100C-S0-6 LYV 00 1L 61 ¥E 1V yinounIe(q ‘peoy 1ouIo) sape[S Yooig uononnsag  L0-OA
66 06 96 [1°9¢ 00 LO'E €8 [00C-S0-6 LS LSOL 909¢ Iv yinoune( ‘peoy S[IIA s[[essny “Yoolg poomuonng  0-Od
ynownreq
€8’ [ad 99° YETI 00 SI €8 1002-S0-6 €T 8SO0L 9v9¢ I ‘Aem Teruolo) ‘Aeq nosueseuoddy 03 Arepnquif, poweuun  +0-0d
nounre( ‘peoy
[4:3 19 €L 4% 8L or'l €8 100C-70-6 €0COIL €l 1I¥v 1y S[IAXTH YHON ‘“IoAry notdo) 03 Arenquiy, powreuuny  ¢0-Od
66 16 L6 6708 06'LE 1€°8 €8 [00C¥0-6 <COI0IL ¥SOV IV ynoune ‘peoy JOARY [[e] PIO “OARY pur[s[ dSUlYS  0-0d
ynounteq
149 (\ra 53 (4% 00° 80° €8 1002-S0-6 €T 6SO0L €10V I¥ ‘“PAI(I BINUIA “JOARY Josuewressed 0} Arenquif, paweuun  10-0d
u055m50<
€60 080 88°0 LS99 1s°¢ 14! 8 1002-90-6 COYSOL Sy Iy 1Yy ‘JoonI§ UIBIA “JOARY JoUysnoy 0} Arenquif paweuu)  [0-AV
uiseg Aeg spiezzng
panunuon—uoibay uiajsey
Ajjeruuasad  (yuaaiad) m”__“”“ﬂ& (Juaasad)
ywip  ywi Buimopy weans pue| : P (W) uoneinp  panIasqo o o ‘ON
|aneb eale uo1jeIo| pue aweu ajis-weans
1addp 1amoq  jo Aujiqeqoud 1910} pue pues  sbeurelq MO[} pajew ajeq apnubuo] apmneq uonels
pajewns] jo eaay 10 e8Iy : -ns3

[soqrur arenbs ¢ 1w {AoAIng [2130[090) *S°N) ‘SOSN HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Aipiqeqoid
-8€°0 I (Z00Z) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 12quiada(] UOISTAYY :SNJE)S SUONRNSAI pasiady utodind Aiqeqoid-9g-() uo paseq :snjejs uonenba pasiaay -ais weans 1e A[emu
-uarad Surmory weans jo Ajiqeqold 10 s[eAIa)UT 90UAPUOD Jud213d-G6 :spru] Jdddn pue 1Mo ‘uonels Surses-Mo[Jweans Xopul AGIeau J& MO[JWeans 10 dN[eA UONeINp-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] PuL IpMNe] ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WeANS *ON uone)s|]

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|) ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.Iojul 1aylo pue uoiduasag

‘8 2lqeL



51

Table 8

J10disop ‘oueT O[IAIOYSL]

d d d I I I I d d d d “IOARY Modisop youelg Iseq 03 AreInqu, poweuun)  GO-gX
110disop
d d d d I I I d d d d QA0D) SOIH puk peOY UOLIBJAl JBAN ool swequn( €0-dX
d d d d d d 1 d d d d Hodisap ‘peoy pIoJpag PO YooIg YD pue prarg  [0-gX
d d d 1 1 1 1 d d 1 1 WeyaIep 990§ UlR ‘Uny AUolS  10-dIM
d d d d d d 1 d d d d 19189720y ‘GOT ANOY AelS Yoorg AUSY 20-dd
d d d d d d d d d d d piojpog MON ‘PrOY I[[IAUIR]J MIN “TOATY Josurweysed  [0-ON
nastodenen ‘9
d d d d d 1 1 d d d d ANOY 2Ae1S ».HOO_.EE ﬁoﬂo&mﬁﬂz 0) \A.ﬁmasn_ﬁrﬁ paueuun) CO-ITIN
d d d d d 1 1 d d d d 110s10delBIAl ‘PROY USABYIIE] “Y0OoIq JIMG 10-TIN
UOLIBJA
d d d I I I I d d I d ‘peoy as1oauo)) Toqrey ueorddrg o) Kreynqup, powreuuny  [Q-JIN
d d d d d d 1 1 | d 1 JoATy [1e] ‘peoy mordo) “Yoord I[N 204
udAeylie
d d d I 1 1 I d d d 1 ‘prOY MEYS A0 SmeyS 0) Axenqrui], paweuun)  [0-HJ
yinouwnreq
d d d d d 1 1 1 1 1 1 ‘prOY NOSUSSIOH IOARY SWNOO[S 0) Arenquiy, powreuun)  §0-Od
d d d d d d d d d d d yinounted ‘peoy IuIo) sape[§ Yoolg uononnsoq  L0-0d
d d d d d d I d d d d yInounae( ‘peoy S[[UA S[[essny oolg poomuonng  G0-OA
Jinouwnredg
d d d I 1 1 1 1 1 d d ‘Kepp Te1uojo) ‘Aeg nosueseuoddy 03 Arejnquiy, poweuun  +0-0d
Jouwre nﬁwom
d d d d d d 1 d 1 d d S[[IAXTH YHON “IoAry mordo) 03 Arenquiy, powreuuny  ¢0-Od
d d d d d d d d d d d ynounie ‘peoy JOARY [[Bd PIO “IOARY PUe[S[ A[SUlyS  0-Od
Yinownred
d d 1 1 1 1 1 1 1 1 d no\zﬂﬁﬁ BINJUIA Q®>_M jesuewreysed 031 \CNHBQC,H pauwreuun) 10-Od
puysndy
d d d d d d 1 d d d d 1991S UIBIA “IOATY 19UYSNOY 0} AIenquiy, powreuu)  [0-AV
uiseg Aeg splezzng
panunuo)—uoifiay uiaise]
snjejs
08 58 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias oaiydesb uonenba uoI}e90| pue Sweu As-weans
snoinald  pasinay -odo)  pasinay pan1asqo uonels
(uoneinp mojyJuaaiad je snjejs) SIVISINYIULS sosn

[soqruu arenbs 1w {AoAIng (80130090 *S') ‘SHSN LIqUINU “ON "000T ‘ZSAL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIMm (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PISIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10J S[BAIUIL dOUIPIFU0D JUdd1d-G6 :syruuf 1dddn pue 19mo0] ‘uonels Surde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SINUI ‘SIAIFIP U] :9pMIISUO] PuL IpMNe T ¢ 2INS1J U0 UMOYS JUSNIULIDIUI SB PIAISSQO SIS WRALS PUB ‘Z 2INFI Ul UMOYS [RIUUAIAd SB PIAIISQO $)IS WRANS 0N uonels|

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.Ioul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

52

y3noioqej

L8 24 oL (4@ 00’ 148 88 1002-82-8 9€TE 1L 8TOT Ty  190mS A9J[BA “II0AIOSIY AIgpng 0) AreInqu, poweuu()  ¢0-DN
pleareHq
L8 89 6L L9y 00’ 99 88 1002-8C-8 #OV¥EIL +S8TTY ‘proy MOIS “Yoorq yroqezi[g 0} Arenquy, paureuuy)  ¢0-IH
8’ g9 9L 08'%S 00 LY 88 100C-8C-8 9SCEIL LE6CTh pIeAIeH ‘peoy A1yg Syoord yrqezilg  0-TH
LY 89’ 6L 0¥'S¢ S| o’ 8 1002-10-8 0¢€ ITIL 6StvecTy pIOJSWaY) ‘prOy IyIed Sooig wewnd  [0-HD
08’ 19 1L 19°%¢ 00 €S 16 100C-€0-8 ScIvIL 0¥ 0CTTY uojsjfog ‘peoy puod A3o0y oord 10qIH plo)  70-Md
uoyjoq
(43 9’ L S6'9L 8L'6 Y6’ 88 100C-8C-8 LTSEIL 0V9T Ty ‘PrOY UMY USP[OD YOOI 1EAID) 0) AXRINqU, powreuu)  70-49
uiseg Janly pJoouo?
WeYIuaI
99" S S¢S 8T'TS 98'8T 0T 68 100208 TEITIL 8€TOTH ‘171 QIN0Y ABIS ‘(18 Y] 0} AreInqu, poweuun)  §0-NX
UOISOM
(43 24 S 78°6¢ 856 or 88 1002-6C-8 €8I 1L 00CCTTh ‘OnuoAY uaLIeAy Yoorg ALRYD 0} AreInqu, powreuu)  [0-VX
oL 65 89’ 8TLS 656 124 88 1002-62-8 8781 IL 9€9I Th NOUEN OUET YOvd] I0ARY SA[Iey)) o} Aremnqu, poweuu)  ¢0-ON
L6 L8 ¥6° S Y 1e (44 68 1002-C0-8 9CECIL €STIITh UOISI[[OH ‘1001§ pIe[[ng Yooig mOpesA A1 ¢0-LH
UOISI[[OH
98’ 69’ 6L YL'T9 66'1S €S 68 1002-20-8 808CIL 8ICTITY ‘100ng 2dnuald yoorg Suiddoy oy Aremnqui, paweuun  [0-LH
L6 S €6’ 66'1L 819 61°C 68 1002-C0-8 009CTIL STEOTY UIP[UEL] )93NS UOISUIYSEA OOIq S03SIN  [0-Td
uiseq Janly sajiey)
10d)sopn ‘peoy
€S o¢ A4 19%L 00’ T €8 1002-S0-6 6T H0 1L LEIE ¥ WU ToARy Hodisop youerq jseq o) Kremqu, poweuu)  [[-gX
96 (43 16’ 0T'0L 00 Iee €8 1002-S0-6 8790 IL €0¢€E IV 1odisop ‘proy [euI0) Yoord surpesuy  OT-gX
€8 99’ SL LY'v9 24 €8 €8 100C-S06 T ¥O 1L LISEIY Hod)sopy “peoy YL YOI [[PUS  60-9X
96 <3 (4 09°¢L €0'1 69°¢ €8 100C-¥0-6  ¥C¥0 1L 109¢ 1Y uodisop ‘proy Yuq oord Iy - 80-gX
Jodsopn ‘peoy
9¢ € 124 0r'6L 148 o¢ €8 1002-S0-6  LEVO IL LTHE ¥ WHA ToARy Hodisop youerq jseq o) Kremqu, poweuu)  L0-gX
HHOnUwO\K/ ﬁU&OM NO3uasIoOH
80 870 L9°0 L9TC 000 020 €8 1002-S0-6 0T €0 IL OIvE IV ‘10ARy Hod)sop yourlq Ise 0) Arenquiy, poweuun)  90-gX
panunuoj)—uiseg Aeg spiezzng
panunuon—uoibay uiajsey
Ajjeruuasad  (Juaaiad) m”__“”“ﬂ& (Juaosad)
ywip  yun  Buimopy weans  puej : P (z1tt) uoneinp  panasqo "o "o ‘ON
|aneib eale uo01JeI0| pUE dWeu 3}Is-weails
Jaddn 1amoq jo Ayjiqeqoad  )saioy pue pues  abeureig Mmojjpajews  ajeq  apnubuol apmpe] uonels
pajewns] jo ealry 10 el : -ns3

[soqrur arenbs ¢ 1w (AoAIng [0130[090) *S°N) ‘SOS HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Lpiqeqoid
-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -ais weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 S[eAISIUT 90UAPUOD Jud213d-G6 :syrun] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeau Je MO[JWeans 10 dN[eA UONERINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] PUL IpMNe] ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUR ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



53

Table 8

y3noioqrejy
d d d I I I I I I d d ‘100mg AJ[[EA “ITOATRSSY Amgpng o) Kenquy, paureuun)  Z0-DN
pIrearey
d d d d d I I d d d d ‘prOY MOIS “YooIq [Ioqezi[d 0) AXenqu, poweuu)  ¢0-IH
d d d d d I I d d d d pIreAreH ‘peoy ALRUS “oord Woqezilg  Z0-IH
d d d d d I I d d d d pIojsway) ‘peoy 1oNIed yoorqg wrewind  [0-HO
d d d d d I I d d I I uoisjfog ‘peoy puod £3o0y Yoord JoqIEH oD 0-Md
uojjog
d d d d d d 1 d d | 1 ‘peOY UMY USP[OD) YOOIg eI 0) ATeInqLL], pAWeu ) 049
uiseq JaAly pJoauo?
WeYIUI
d d d d d I I I I d d “TTT MOy AJeIS ‘[Iead oxe] 0y Arenquy, paweuu)  G0-1X
UOISIM
d d d I I I I d d d d NUDGAY UDLIEA\ Yoourqg ALIYD 0} AreInqu, poweuu)  [0-VX
d d d d d I I d d I I YOnEN ‘QUB YoraT JRARY SA[IeYD) 0) Areinqui], paweuun)  ¢0-ON
d d d d d d I d d d d UOISI[[OH ‘}a1§ pre[[ng Yoorg MOped]N AMId  TO-LH
UOISI[OH
d d d d d d I d d d d ‘10ang eonuald yoorq surddoy oy Axeinqu, pawreuun)  [0-LH
d d d d d d I d d d d UIPUEBI] ‘1091S UOISUIYSEAN NOOIE QOSIN  [0-2d
uiseq Janly sajieyn
Jodisopn ‘peOyY
d d d | 1 I 1 1 I | d WU 1A Hodisop youeld Iseq 0) Axeinquf, paweuun)  [[-gX
d d d d d d I d d d d 1odisop ‘peoy [[euIo) Yoord durEsuy  O1-gX
d d d d d d I d d d d 1odisop ‘proy P NORID [PUS  60-9X
d d d d d d I d d d d Hodisop “peoy A Moorg AQIy  80-9X
J0d)sopn ‘peOY
d d d d I 1 I 1 1 I 1 WU AT Hodisop youeld Iseq 0) AXeInquL, paweuun)  L0-gX
ﬁomumog ,ﬁ.mom JOQuUaSIOH
d d d I I I I I I d I “IoATY Modisop yourIg Isey 0) AIeinquy, paweuu)  90-gX
panunuoj—uiseg Aeg spiezzng
panunuo)—uoifiay uiaise]
smejs
08 58 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias aiydesf uonenba uoI}e90| pue Sweu As-weans
m:m_i‘_n_ pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojjuaaiad je snjels) SIVISINVIYLS sosn

[soqru arenbs 1w {AoAIng [80130[090) S ‘SHSN {IqUINU “ON "000T ‘ZSAL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIM (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIUI OUIPIFU0D JUdd1d-G6 :syruu] 1dddn pue 19mo] ‘uonels Surde3-mo[Juwedns Xopul AGIBdU Je MO[JWEBAI)S I0] dN[BA UONRINP-MmO[J [enbd 0) pawnssy :uone.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9PNIISUO] PuL IpMNE T "¢ 2INSIJ U0 UMOYS JUSIIULIDIUI SB PIAIISQO SIS WRALS PUB ‘Z 2INTIJ Ul UMOYS [RIUUAIAd Sk PIAIISQO $I)IS WRANS 0N uonels|

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.oul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

54

piojxog ‘peoy

oL Bl 8¢ €088 00 99’ 76 1002-01-8 9S00 IL 1T6g Ty SULIE,{ PUISUMO], “YooIg st 0) Kreinquiy, psweuun)  10-f4
86 68 96’ 6¢LI 6C6l1 LS'1 8 100C-1¢-L 8SOI IL 6T l¢ccTy uojSuIiIng ‘peoy [[IUMES JJO YooIiq [[TWMeS  ¢0-bd
uiseg Janly yaimsd

08’ ge 69’ 99°C6 18 SI'1 68 1002-¢0-8 01 0S IL 90 €0 ¢ I21SqaM ‘PROY 210D YooIrq sumolg  [0-TM
190uadg ‘peoy

06 YL €8 96°SL 9Tl 9¢°1 S6 1002-62-8 9€ LS 1L 10 €1 Th UOS[IM AIUSH "D ‘puod][I]A UOSIEA| O} KIeIngLi], poweuun)  70-M$S

6¢ el ¥T LO'66 00 61 76 1002-8C-8 €E¥SIL €€60CH PIOJXQ ‘PeOY MOGX( “IATY NI 0} AIRINQLIL, paweuu)  ¢0-XO
p10JxQ

LY L I8 6869 LO'TI (0! 68 100C-C0-8 ¢TI TS IL 81S0CTY ‘TT A0y 91vIS “TOATY YOULL 0} AIEINqU, pawreuun)  10-XO
uoyrey)

89 4 65 '89 00 44 ¥6 1002-82-8 61 SSTL LS80CTy ‘peoy yedAeq ‘puod o[iawngng o) Arenquy, poweuu)  10-4D

uiseg Janly youal4

6’ 08’ 68 90°Ly 1€ 1L 9 8 1002-10-8 Ol ¥C IL vTTe Ty PIOJISOM ‘PeOY PIO Moolg Ionung  [0-MM
pue[Aepy ‘peoy

€8 94 89 8161 66'6S or 88 100C-6C-8 <CCICTIL 9le6lcy (I[ESMUOWITIO)) YOOI aeu§ 0) AIeInqriy, poweuun)  ¢0-M
Kmgsmarys

ot w e 9¢°SL 00 LT 16 100C-€0-8 9€ IV IL 9V 81 T¥ ‘yoon§ yuoN “yoorq do o3 Areynquiy, peweuu)  ¢0-NS
AIngsmaIys

8L 6S 69’ oL 00 LL 16 1002-€0-8 €SOV IL TI8ICh ‘Joang urey “Yooxg doy o) Kreinqriy, peweuun)  Z0-NS

86 06 S6° 61'SY 70 1€ LST 8 100C-10-8 SI¥CIL OTvCcy Angpng ‘peoy produo) oord Anued  $0-GS
Amqgpng ‘peoy

9 o 49 SL06 ILTT 8 88 1002-67-8 8SSTIL SO 1T TH weySurwer] p[Q Y0oIg dUemo[[y 0} Areingriy, psweuu)  [0-GS

8¢ e Sy £8°¢S IS¢ o1 8 100C-€0-8 I¥8CIL SI0TTY 43noIOQULION J921§ uInqysep yooid j0ojareq  ¢0-NN

18 99° YL IS €eIe S 8 1002-€0-8 €I 8¢ 1L LTOCTCTY 43noIoquLION ‘peoy Joojreaq Yool joojared  70-NN

86 68" S6° €Sy cTse 01'¢ 88 100C-6C-8 9% ITIL LS8l TV Jo1EN 991§ URJA YUON Yoolg aeuS  [0-DN

96’ €8’ [ YT [ER 4! 0’1 88 100C-8C-8 CESEIL Ll lCtTy YSnoIoqIRIN ‘19enS MO[ASIg ooId YoueId YUON  +0-DIN

L6'0 €80 £€6°0 SL'LL 000 9C'1l 88 100C-8C-8 LTICIL ¥¥OCTY y3noroqprely ‘102n§ sd[oyd yoorq youerg yuoN  €0-OIN

panuiuo)—uiseg JaAlY pioauo?
panunuon—uoibay uiajsey
Ajjeruuasad  (Juaaiad) m”__“”“ﬂ& (Juaosad)
ywip  ywi Buimopy weans pue| i P () uopeinp  paniasqo o "o ‘ON
|anesb eale uoiean| pue auwieu Ais-weans
1addp 1amoq  jo Anjiqeqoud )saloy pue pues  eBeuieg Mojj pajewr  aje(q apnubuo] apmneq uoneys
pajewns] jo eaay 10 e8Iy : -ns3

[soprur axenbs ‘1w (£oAIng [BD130[00D) *S'N) ‘SOSN HIequInu “oN ‘0007 ‘ZSOL pue sary :SLVLSINVAILS utodino Kijiqeqoid

-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -ais weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 S[eAISIUT 90UAPUOD Jud213d-G6 :syrun] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeau Je MO[JWeans 10 dN[eA UONERINP-MO[J [enbd 0] pawnssy :uoneInp
MO[J PIJBUWINSF "SPUOIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] PUL IpMNe] ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUR ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g

Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



55

Table 8

plojxog ‘peoy

d d d d d I 1 d d | 1 SULIE,{ PUASUMO], “YooIg Ys] 0} KIeinqrLiy, paureuup) 10-rd
d d d d d d I d d d d uojBurIng ‘peoy [[IWUMES JJo YooId [[MeS  £0-vg
uiseg Janly yoimsd|
d d d d d d I d I d d 101sqaA\ “PrOY Q10D YooIq sumord 10~ TM
190uad§ ‘prOY UOSIA
d d d d d d I d d d d A1uoH D ‘puodi[ijy uosieAy 01 AIRINQLLL, pOWRUUN)  Z0-MS
d d d I I I I I I I I PIOJXQ ‘PrOY MOQX() “JOATY JNIT 0) ATEINqLL, pAWEUU()  €0-XO
PI0JXO
d d d d d d I d d d d “TT N0y QIS “TRATY YouaL] o) Aenquy, psureuun)  10-XO
uojrey)
d d d d d I I I I d d ‘peoy yredLeq ‘puod oiawngng o) Arenquy, powreuun  [0-4D
uiseg Janly youai4
d d d d d d I d d d d PIOJISOM ‘PROY PIO Moolg Ionng  [0-MM
pue[fepn ‘peOY
d d d I I I I I I d d [EOMUOWIWIO)) Yool aeug 0} AreInqriy, pawreuu)  ¢0-M
KIngsmaIys
d d d I 1 1 1 1 1 d d ‘10018 YuoN “oorg doH 0) Areinquiy, powreuun)  ¢0-NS
AIngsmaIys
d d d d d I 1 d d d d ‘yeang urey “Yooxq doH 0) Axeinquif, paweuun)  Z0-NS
d d d d d d I d d d d Amqpng ‘peoy proouo) oorg Anued  $0-GS
AIngpng ‘peoy weysurwel,
d d d d d 1 I 1 1 I 1 PIO “[00Ig 20uEMO[[Y 0} AIeInquiy, paureuu ) 10-6S
d d d I 1 I 1 1 I d d USnoIoqULION 192N§ umqysep oorq joojoreq  ¢0-NN
d d d d d I 1 I I d d Y3noIoquuoN ‘peoy J0ojreaq yooig joojareq 70NN
d d d d d d I d d d d JONEN 991§ UIRI "N “Joold aeus  [0-DN
d d d d d d I d d d d y3noloqIE ‘109ng Mmo[a3Ig yoorq youerg [PIoN  +0-DIN
d d d d d d 1 d d d d y3nooqey 190mg sdjoyd yoorgq youerg yuoN  €0-DIN
panunuoj—uiseq JaAly pJoauo)
panunuo)—uoifiay uiaise]
smejs
08 c8 06 6 86 66 snje)s smejs dew smejs smers oN
uonenba suonenfias aiydesf uonenba uoIe90| pue aweu As-weans
m:m_zzn_ pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIYLS sosn

[soqruu arenbs 1w {AoAIng [80130[090) S ‘SHSN LIqUINU “ON "000T ‘ZSALI pPue sary :SLVLSINVAULS utodino Aijiqeqoid

-8€°0 YNM (Z007) PIOYYIIY pue juag :snjejs uonenba snoiadad ‘700z ‘0 10quiadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Jurmory weans Jo Ajiqeqoid 10§ S[BAINUI dOUIPIFU0D JUdd1d-G6 :syruu] 1oddn pue 19mo] ‘uonels Jurde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UONRINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJRWST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9pMIISUO] PuL IpMNe T ¢ 2INS1J U0 UMOYS JUSIIULIDIUI SB PIAIISQO SIS WRALS PUB ‘Z I Ul UMOYS [RIUUAIAd SB PIAIISQO $I)IS WeANS 0N uonels|

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘L00g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 18ylo pue uoiduasag

‘8 9|qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

56

qroqoyay
L8 L 8 Y6'€S 0r'1¢g g9 €6 100C-+0-6 6191 1L LTOS I¥ “10911G JOATY TOARY Jowed 0} AIRINqLLL, poweuur)  G0-J
66 16 L6 TTS9 91'¥9 ey €6 100270°6 91 ST IL 9% TS [+ UIOQOYY “ONUSAY PEIISIWOH IOARY ISW[Ed Yourlg 1o +0-O
6 8L 98 61°¢S €€9 YTl €6 100C-%0-6 ST LI IL LOOS IV poqoyy ‘1eang doxyuip yooig s1[nd  70-OY
LL LY €9 6 crey LS €8 100C+0-6 8TSOIL 61 %y I¥ TOATY (1B ‘Yied KIMOIN Yoorq IonnD usand)  ¢0-¥:d
uony3Iqq
€9 €< TLEL 00’ LE €8 100C-+0-6 L1 OT 1L LS 6% 1F 19911 UOITUI[[OA “IOATY 9[0D) 01 AIeINqUL, powreuu)  ¢0-Ld
uoySiq
w I IS €L 00’ 123 €8 100C-¥0-6 6001 IL SS61 It ‘Joon§ UOISUI[OM TOARY 9[0D) 0} Arenqui[, paweuu)  [(0-LA
uiseg aloys Aeg adoH wunoj\ pue Aeg nesuebeliey
JOAOPUY [IION ‘peoy
8L 6S 69’ 08'8¢S 00’ €< Y6 100C-01-8 LTSOTIL 9¢€I¥ Ty puOd 121D YOIMAYDIY00D) oy 0) Kreinquiy, psweuun)  [0-SN
LL LS 89 0'LL 00’ LL ¥6 100C-20-8 SO T0TL €S0S<cTy SRWILLISIAL ‘PeOy PUBYSTH “YooIg R[qqoD  [0-IN
uoRMIT
8 69 LL 109 P91 89° 8 1002-80-8 6T I€ 1L TEIETH ‘ONUIAY qUOdIYA YooIq Joaedq 0} Arenquf paweuun)  [0-MT
€6 8L 88’ YE18 00’ 171 76 100C-C0-8 6€LOTL 00LvTH [[TYI9ARH “19911§ 18310 YOOIq MOPBIIN 1S9\ [10-TH
98 69 6L 8'6¥ 60°¢ 69 €8 100C-20-8 LO9T 1L LOT¥VCH morI ‘peoyY 1[AYM Yooig noll,  z0-1d
KIngsoury
S6’ €8 06 61°6¢ oy 08’ 16 100C-C0-8 85 LSOL 600S Ty ‘peoy [ITH puod ‘Yoo1) s£qsard oy Arejnqriy, poweuu)  [0-HV
uiseq Janly JorWILIBI
6’ [4:3 06 veTy ILel It 8 100C-1¢-L  #SOI IL 0¢€TE Ty UOJSUTWIIA ‘79 ANOY deIS Noord A C0-INX
63" L 43 LY'8¢ Sree or 6 100C-1¢-L 9790 IL 0SVvETY Surpeay] YHON ‘79 Anoy Aeis yoorg seidey  10-¢N
6 6L L8 86°CS 90°8¢ LS ¥6 100C-01-8 +S0S0L 0€ 0¥y yormsd] ‘oALI(] SUDISPOH “Yooiq [[equry  ([-dI
L6 LS ¥6° 6C°CS L8°6S 8S'T Y6 100C-0T-8 S€0S0L 0S8¢Th yormsdy ‘1 oy Aeis oorg Kemasne) Suo T 80-dl
ployxog
LSO 0£0 €70 €916 000 170 6 100C-01-8 CE6S 0L 1€8E T ‘PO UOI[PPIIA “YooIg ysIf 0} ATejnqrif, paureuun) €0-rd
panunuo)—uiseq JaAly yoimsd|
panunuon—uoibay uiajsey
Ajjeruuasad  (Juaaiad) m”__“”“ﬂ& (Juaosad)
ywip  yun  Buimopy weans  puej i P () uoneinp  panasqo "o ‘ON
|aneib eale uoI}eI0| PUE dWeU d)Is-weans
Jaddn 1amoq jo Ayjiqeqoad  )saioy pue pues  abeureig Mmojjpajews  ajeq  apnubuol apmpe] uonels
pajewn)sy jo ealy 0 eary : -ns3

[soqrur arenbs ¢ 1w (AoAIng [2130[090) *S°N ‘SO HRqUINU “ON "000T ‘ZSALI] Pue sary :SLVLSINVAYLS “utodino Kiiqeqoid
-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJE)S SuonenSalr pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -ais weans 1e A[emu
-uarad Surmory weans jo Ajiqeqold 10 s[eAIa)UT 90UIPUOD Judd13d-G6 :syru] Jdddn pue 1m0 ‘uonels Surses-Mo[Jueans Xopul AGIeaU Je MO[JWEaNns 10 dN[eA UONeINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PAJBUWINSF "SPUOIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] puL IpMNe] ¢ AINSIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 INT1Y UI UMOYS [eIutdIad Se PIAIISQO SIS WeANS *0N uone)s]

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



57

Table 8

yroqoyay
d d d d d 1 I d d d 1 001§ I0ARY IOARY Jouufed o) Aeinquy, psureuun) - §0-OY
yoqoysy
d d d d d d d d d d d ‘ANUDAY PESISIWOH “JOARY JOW[ed YoUBIg 1S90 $0-DY
d d d d d I I d d d d ypoqoyay Ieemg dorpuip oord SN  70-OY
d d d d d I 1 d d d 1 TOATY [[e] ‘Yred KIMON ool Jonng usand) €0-dd
uoy3ic
d d d I I I I d d I d 1091 UOISUI[[OA “TOATY 9[0D) 0} ATeinquf, pawreuuy  ¢0<Ld
uoysIq
d d d I I I I d d I d 1001§ UOISUI[[OAN “IRARY 9[0D) 03 Areinqu, paweuuy  [0-Ld
uiseg aloys Aeg adoH wunoj pue Aeg nasuebeliey
JOAOPUY [JION ‘peoy
d d d d d I I d d d I PuOd 1BAID) OIMAYDIYD0)) oY 0) AXeInqu, powreuur)  [0-SN
d d d d d I I d d d d SBWILLIRIA ‘PrOY PUBIYSIH ‘Yooiq 19[qqoD  [0-IN
uojemIy
d d d d d d I d d d d ‘ONUSAY qUIOINYA YOOId JOABY 0} AXEINqU], POWEUU) [0~
d d d d d d 1 d d d d [[TYI9ABH 19911G 1S3I0] YOOIg MOPRIN 1S9 10-TH
d d d d d I 1 d d d d INORI(J ‘PROY I[AYA Yooig moil,  ¢0-1d
Kngsowy
d d d d d d I d 1 d d ‘PeOY [ITH puod “oa1) sAqsaId 0} AxeInquf, paweuu)  [0-HVY
uiseq Janly JIewLIBA
d d d d d d I d d d 1 UOISUIW[IAY “Z9 INOY AeIS OoId [N TO-INX
d d d d d I 1 d d d d SuIpeay YHON ‘79 oy aei§ yooiq tordey 10-¢EN
d d d d d d I d d d d YIIMSd] “0ALI( SUD{SPOH ooId [[equiry] 01-dI
d d d d d d I d d d d yormsdy ‘v oy Aeig yoorg Kemasne) Suo| 80-dI
pIioyxog
d d d d d 1 I d d I 1 ‘PEOY UOWIPPIA N0OId YSL] 0) ATeinqriy, paureuu ) €0-rd
panunuoj—uiseq Janly yoimsd|
panunuo)—uoifiay uiaise]
smejs
08 c8 06 56 86 66 snje)s smejs dew smejs smers -oN
uonenba suonenfias aiydesb uonenba uoI}ed0| pue Sweu As-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIYLS sosn

[soqruu arenbs 1w {AoAIng [80130[090) *S°) ‘SHSN {IqUINU “ON "000T ‘ZSAL1 pue sary :SLVLSINVAULS utodino Aijiqeqoid

-8€°0 YM (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISTADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIAUI dOUIPIFU0D JUdd1d-G6 :spruu] 1oddn pue 19mo] ‘uonels Jurde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uoye.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SAINUIW ‘SIAIFIP U] :9pMIZUO] Pue IpMNe T "¢ 2INS1J U0 UMOYS JUSIULIDIUI SB PIAIISQO SIS WEAL)S PUB ‘Z I Ul UMOYS [RIUUAIAd SB PIAIISQO $I)IS WRANS 0N uone)s]

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

58

JO)ISUTUI)SIAN
S L 69°LT 00’ LT 68  100C-60-8 809S 1L 9% €€ Th ‘prOY JUSSIES “IOATY UBUNIYAL O} AIRINGLUL, powreut)  [0-AM
9% b8 6 YO 1€ 9761 11 S6 1002678 6V9VIL STITTY UOISIAOE 1S9 191G 19ISAOI0M YOOI SABD  [0-SM
19 s¢ 8t ¥$'T6 00’ Ly 06 1002-60-8 6V €¥ 1L ¥T 6T pudsumo], ‘peoy [[1H £10gheq Yoord [[IH A10gkeq  [0-¥.L
Surag
89" St LS 09°SS LO'1 8T 06  100T°608 €Y LV IL 11LTTH ‘PrOY UOS[IN YINOS “Yooig AYo0y 03 Areinquif, paweuun)  Z0-AS
Surag
v Ll 8T £6'96 S6'L 0T 06  100T-60-8 106V 1L 80LTTH ‘prOy WY YooIg dnsn[ 0} AN, powreuu)  10-XS
s LT I PrEs 00° a8 06 1007808 8I16£I1L 80vETH A3pyS ‘peoy 1ua) Yoorg dwremg sonids  [0-INS
88 <o 8L 38°88 00° 9L’ 06 1002608 ¥ISSIL 1S9TTh U0JROULIJ 79 AIN0Y LIS NooIg NISNYIEM YOS [0-Ad
9 18 16° 0L 9L I+°C1 60°¢ 06  100T°608 €£9¢ 1L €SLETY [1210ddag “10ang ASpIIyg “yoorg uosuiqoy  [0-dd
Iaisedue|
eL [ €9’ YT6L ere €9’ 96 1002-8C-8 0T I¥ IL 90 LT Ty ‘PeOy USSURT I0ARY enyseN YHON 0} ATeInquy, paweuuny  [0-T1
L] 99’ 8L Y6'CL 19 09 06 100C-60-8 CEec 1L SO6ECTY UOJOID) ‘PeOY eNYSEN OOIq MOPLIN Apedy  [0-LD
Sinquoig
6C LO SI 90°S6 00 60’ 06 1002-60-8 Ly 8V IL 1SLECY ‘peoy STUI[[IF ‘PUOJ SOUAAIL) 0} AIeINqLI], pawreuuy)  [(-Ld
66 €6’ 86° 88'1L 0€°L9 89 06 100C-60-8 <¢SCEIL TCIviy d[qeisun( ‘10ang IARY Yoorg A1ayun  10-¢d
£€e or 61 1816 00 cr 88 100C-8C-8 11 LEIL 60LCCTY uoy[Og ‘PLOY USAID TOARY [[NS 0) ATeINqLIL, powreuu) 044
£qusy
16° 5 €8 (43S 91Tl 061 06 100C-60-8 €SOV IL LIBETY ‘PROY SAIEA “YooIq [[TH [1edd 0} ATeinqLif, paweuun  [O-INV
wequinqysy ‘101
78 €9 SL G9°¢8 00 8C'1T 68 1002-60-8 T€SSIL +TLETY  QIMOY LIS TedU TOARY UBUNIYA O} ATeInquif, powreuu) 40~ 1V
€90  0v0 50 eLV8 000 LY°0 06 1002-60-8 S¥PCSIL vE8ETY WeYUINqysy ‘peoy [[TH [[ossny Yoolg umolg  Z0-TV
uiseg Janly enysey
panunuon—uoibiay uisjsey
Ajjeluvasad  (yuaaisad) mw_“”“_“ﬂv (i) (aaiad)
yunp  yun)  Buimopy weans  puej : e uopeinp  paniasqo wio "o "ON
|oneih vale uo1eI0| pue AwWeu 3)is-weans
1addp  1amo7 jo Aujiqeqosd  )saloy pue pues  abeureig Mmojjpajew  ayeq  apmibuo] apmneq uonels
pajewnsy jo ealy 10 eLY ’ -nis3

[sormu arenbs ;1w (A9AIng (01301090 *S° ) ‘SOHS {Ioquinu “ON ‘()00 ‘ZSIL] pue sary :SIVILSINVAILLS urodino Aiiqeqoid
-8€°0 PIM (Z00T) PIRYYDIY pue juag :smyejs uonenba snoirdad "z00g ‘07 12quiada( UOISIADY :SNJe)s SuoNBNSaI pasiady utodind Ajiqeqoid-9g-( uo paseq :snjejs uonenba pasiAdy -a1s weans je A[[eru
-uarad urmory wreans Jo Aiqeqoid 10§ S[EAIDIUT 0UIPYUOD JuadIad-Gg sy Jaddn pue J19mo T "uone)s Surses-Mmo[Jueans xopul AQIeau Je MO[JWRANS J0J dN[EA UONRIND-MO[J [enba 01 pawnssy :uoneanp

MO[J PIJBWISH "SPUOIIS PUB ‘SANUI ‘SIISIP U] :dPNJISUO] PUR IPMINE’] “¢ AINT U0 UMOYS JUINIWLINUI SB PIAIISGO SJIS WRALS PUB 7 dINSIJ Ul UMOYS [eIuudIod S8 PIAIISQO SIS WERdNS "ON uone)s|

panunuo)—'spasnyoessel ut Ajjeluuasad Buimoyy weasis e Jo Aljigeqouad syl Bunewnsa oy uoirenba uoissalbial ansibo| ays jo Juswdojanap ul pasn ‘100z
Jaquialdag Ajiea ybnoayy Ainp aie| ‘spasnyaessely ul Ao 10 umo) pue ‘uiseq Jaall Jofew ‘uoifal Aq sals wealls paysIA-p|al) 104 UOIBWIOLUI J8Y10 pue uonduasa(

‘89|1qelL



59

Table 8

JO)JSUTUIISIA
d d d d I I I d d d d ‘prOY JUSSIES “IOATY UBUNIYAL 0) AIRINQU], powreuu)  [0-AM
d d d d d d I d d d d UOISTAOE 1SOA 10911G I9ISAIIOM ooIg SALD  [0-SM
d d d d d I I d d I d puasumoy, ‘peoy [[1H AusqAeq yooiq [[IH A1eqheg  10-Y.L
Surrag
d d d d d I I I I d I ‘proy UOS[ON (INOS Noorg LYooy 03 AreInquy, powreuuy)  70-AS
Surrag
d d d d I I I d d I I ‘proy UrUIRag YOOI SN[ 0) AIRINQLL], poweuu)  [0-AS
d d d I I I I d d I d ASHIyS ‘peoy 1jus) Yoorg dwemg sonids  [0-INS
d d d d d d I d d d d U0JIULI] ‘79 AINOY LIS NOOIF NASNYIEM INOS  [0-Ad
d d d d d d d d d d d [1e1oddag Je0mg Aopiryg “Yoorg uosuiqoy  [0-dd
I9)seoue ] ‘peoy
d d d d d I I d d d I ULSURT “IOATY BNYSEN YLON 0) ATeInqrif, pawreuup)  [0-TT
d d d d d d I d d d d UOJOID) ‘Proy BnyseN oolg MOpealN Apady  [0-LD
Smquoiy
d d I I I I I d d I I ‘proy s3ul[[ig ‘puod sousaln) o} Arenquiy, pawreuun)  [0-Ld
d d d d d d d d d d d 9[qEIsUN(] 199N§ 1oAY Noorg K1oxun)  [0-¢d
d d d I I I I d d I d uoj[og ‘PEOY USAID IOATY [[NS 0) AIeINQU], powreuu)  $0-1d
Lqusy
d d d d d d I d d d d ‘peoy sorepy Yooid [[IH [1e9d 0} Arenquif, paweuun)  [Q-INV
weyumqysy ‘101
d d d d d d I d d d d AINOY QLIS TeU “IOATRY UBUNIYA O} ATeINqU, poweuu) 01V
d d d d d I I I I I d Wequmqusy ‘proy [[1H [[ossny Yooiq umorg 70~V
uiseg Janly enysep
panunuo)—uoifiay uiaise]
snje)s
08 58 06 %6 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias oaiydesf uonenba uoI}e90| pue aweu a)s-weans
m:m_zzn_ _uu.m_>o= -odo)  pasinay Pan1asqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIYLS sosn

[soqruu arenbs 1w {AoAIng [89130[090) *S') ‘SHSN {IqUINU “ON "000T ‘ZSL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 M (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISTADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo A1jiqeqoid 10J S[BAIAUIL dOUIPIFU0D JUdd1d-G6 :spruuf 1dddn pue 19mo] ‘uonels Surde3-mo[Juweans Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uone.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9pNIISUO] UL IpMNE T "¢ 2INS1J U0 UMOYS JUSNIULIDIUI SB PIAIISQO SIS WRALS PUB ‘Z NI Ul UMOYS [RIUUAIAd SB PIAIISQO $I)IS WRANS 0N uonels|

panunuo)—spasnyaesselp ul Ajjeluuasad Buimoyy weasss e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

60

KInqmoN

I8 IS 89" 16'vv SIoL S Y6 1002-01-8 97 SSOL 1y ¥F Ty 1991 [BNUSD JBOU IOALY JoMIEd 0) ATeINqLL], poWeuU)  #0-IN
KgmoN

06’ SL 78 209 €9°Cl LL Y6 100C-C0-8 S¥SSOL ¥0Sv Ty ‘PrOY PIRYIIQ “IOATY IoxIed 0) Areinqu, pawreuu)  ¢0-IN

€6 8L LY 8YvL 0801 €r'e Y6 100C-20-8 0SS OL 6¢ STy AmgmoN ‘peoy pIeydIQ Neard ue)  [0-IN
yormsdy

v S 9T I81L 89°¢C 60 Y6 100C-01-8 ¥IISOL VO I¥ Ty ‘peoy Yoolqaur ‘uny Appniy o) Areinqriy, paweuuny  90-dl

66 16’ L6 8809 19°6% 60'Y Y6 100C-01-8 0SI101L CTCeEvTy UM0J03I090) 221G IO “IOAR] INIEd  [0-DD

uiseg Janly Jsyled

Surpeay ‘19ong Ysy

86 LY ¥6° 60°¢l €6ty I8 8 100C-1€-L 87 SOIL LY OLTy /PeOY Iovjied ‘Nimodeuuend) oxe] o) ATeInqrif, paweuun)  [0-gY

86 06’ 96’ 61°¢C Iv'ce 'l 8 100C-€0-8 €SO0 1L SO8CTY SOI[IIA ‘KemdjIed S[[o] UUAT “Yooig puod [eIsA1)  [0-ON

9’ h4 €s’ 61'88 0L6l (44 76 100C-€0-8 IS EPOL 90 SETy Io1sayuBIA ‘oue ANsioAtun ‘Yoorq deiy jlom  10-DN
proyuuA

96 [ 6’ 6l geee 69 6 100C-T¢-L IV I0IL 9TCETY ‘1001§ XSS ‘puod sSul[[id 0} ATeInquU, paweuun  g0-971
plRYuuAT

€9 6¢ s 0¢'LS 00° VT 6 100C-1¢-L €110 1L €V 0E Ty 19211§ WR[ES “YOOIg sayMeH 0} Areinquiy, paweuuny  [0-9T
19)$90N0[D)

ey’ 9T LT 0919 L6°S 60 76 100C-€0-8 6S €V 0L SSLETY 1001§ Jouwing a1 IN[ep 0} ATeInqu, poweuun)  [0-HD
SIOAUR(]

LY €9 8L 00°6C 8'L9 61 Y6 1002-€0-8 0€ LSOL 8E€EeTy 021§ sul[[o)) “Yoorg suer) 0) Arnquy, poweuu)  z0-9d
SIOAUR(]

78 5% oL VLI €9l LT Y6 1002-€0-8 0¥ SSOL SOVETY 19218 AajIng Yool YsL] 1501 01 Kremquy, paweuuny  [0-gd
K[10A9g ‘OnuoAy

8’0  1T0 €€0 6C'L6 6C'11 ST0 76 100C-€0-8 SO6v 0L V0 PvE Ty poomudan) ‘Keq 191SaYdUEIA 0) AreINqU], poureuuy)  [0-4d

uiseg |eiseo) yuon
panunuon)—uoibay uiajsey
Ajjeruuasad  (yuaaiad) m:_“”“_M& - (Juaosad)
ywip  yuwn  Buimopy weans  pue) " P (z1tH) uoneinp  paniasqo "o wio ‘ON
|anelh eale uoleao| pue auleu ajis-weansg
1addn 1amo7 jo Anjiqeqosd  3sasoy uepues obeuesq 'Ol PAEW  3leq apmifuoy apmneq uonejs
pajewns] jo eany _U.S m_“.._< 1ea -ns3

[soqrur arenbs ¢ 1w {AoAIng [2130[090) *S°N) ‘SO HRqUINU “ON "000T ‘ZSALI] pue sary :SILVLSINVAYLS “utodino Liiqeqoid
-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJL)S SuoNRNSar pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -aiis weans 1e A[emu
-uaxad Surmory weans jo Ajiqeqold 10 s[eAIa)UT 90UAPUOD Judd1ad-G6 :syru] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeaU J& MO[JWEans 10 dN[eA UONRINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIS PUE ‘SIINUI ‘SIVIFIP U] :dPNJIFUO] pUL IpMNe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *0N uone)s]

panunuo)—:spasnyaessel ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 1aylo pue uonduasag

‘8 9lqeL



61

Table 8

AIngmoN
d d d 1 1 1 1 1 1 d d Joobm [enua)) Ieau ..Ho\ﬁwm Iayred 031 \Cmusn_ﬁrﬁ pauwreuun) 0-IN
KImgmaN
d d d d d I I d d d d ‘PeOY PIRYDIQ “IOATY IoNIed 0) AeInqu], pawreuun)  ¢0-IN
d d d d d d 1 d d d d AmgmoN ‘peoy pIEYIQ YoAID ML) 10-IN
yormsdy
d d d I 1 1 1 1 1 I d ‘proy Y00IqauIT ‘UnY Appnj 03 Areinqri], paweuu ) 90-dI
d d d d d d d d d d d UMOIOTI0D) JOANG ISOM TOART JYIRd  [0-DD
uiseg Janly Jayled
Surpedy 0ans ysy
d d d d d d I d d d d /peoy JoyIed ‘Nimodeuueng) oy 0) AXeINqUY, poweuu  [0-4Y
d d d d d d I d I d d ISOI[AN ‘Aemdjred S[[04 UUAT Noolq puod [EISAID  10-ON
d d d d d d I d d I I 193sayouey ‘oue Ausiaarun) Yyoorq deil Jom  [0-DN
pleyuuAT
d d d d d d I d d d d “10911G X9SSH ‘pUOd SSUI[[IJ 03 AIwINqU, pawreuuny  70-9'1
preyuu
d d d d I I I I I I I 1091§ WIES Y0OoIg SN{MEH 0) AXeINqU], poweuu)  [0-9T
J191S90N0[DH)
d d I I I 1 I I I I I )9G JouWNg 21D I[BM 0} ARINqUL, pawreuun  [0-HD
SIoAue(
d d d d d d I I I d I “Ra1g sur[jo) “yoorq auer) o) Awnquy, paureuun)  Z0-4d
sIoAUR(
d d d d I I I I I d d ‘10ang Adpng Yooiq ysL Jsok o) Aremnqu, poweuuny  [0-4d
A[10A9g ‘OnuoAy
d d d d d 1 1 I I 1 1 POOMUIIID) ‘Keg I9ISAYOURIA 0} A1eInqui] paweuun  [0-9g
uiseq |eiseoq YLop
panunuo)—uoifiay uiaise]
smejs
08 G8 06 56 86 66 snje)s smejs dew smejs smers oN
uonenba suonenfias aiydesf uonenba uoIed0| pue aweu A)s-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIULS sosn

[soqruu arenbs 1w {AoAIng [80130[090) *S') ‘SHSN LIqUINU “ON "000T ‘ZSL1 pue sary :SLVLSINVAULS utodino Aijiqeqoid

-8€°0 M (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISTADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIUI dOUIPIFU0D JUdd1d-G6 :syruul] 1dddn pue 19mor] ‘uone)s Jurde3-mo[Juweans Xopul AGIedU Je MO[JWEBAI)S I0J dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJRWST "SPUOIIS PUE ‘SINUIW ‘SIIIFIP U] :9pMIISUO] PuL IpMNe T ¢ 2INS1J U0 UMOYS JUSNIULIDIUI SB PIAIISQO SIS WRAL)S PUB ‘7 NI UI UMOYS [RIUUAIAd SB PIAIISQO $)IS WRANS 0N uonels|

panunuo)—:spasnyaessel ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 1aylo pue uonduasag

‘8 9lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

62

69’ 1T 14 §S'8¢ 00°00T 90’ 78 100C-L0-6 0T 6¥ 0L TS90CTH I9AOURH ‘6E ANOY SNeIS Y0OoIg SUIA UoI[  SO-JH
IoAOUBRH
8’ g9 9L 96't¢ LY'8C e 06 1002-10-8 €S 1S0L LI8OCY 001§ UTRJA] “IOATY J)EMYULI(T O) ATRINqQU, poweuu)  $0-4H
IoAOUBH
96’ 08’ 16’ €Ty 00°00T 9¢’ 78 100C-L0-6  €S0SOL 0SSOy ‘Aempeolq “IOARY PraH UeIpuf o) ATeInqrif, paweuun)  [0-dH
uiseg [e1Se09 ynos
Amgsymag,
99’ 4 e LSTT 969 LO 8 100C-1¢-L 8T ETIL 8SSETH ‘8¢ AINOY LIS YooIg YIedH 01 Arenquiy, pawreuuny  [0-NL
6 (43 06’ ais £8°¢C 611 8 100C-10-8 6T 81 IL SO8CCTY pI0oU0D) ‘PO BIUISIIA Yoorg wig  [0-LD
IoAopuy
w6 89’ €8 68'1¢C 6v°¢8 0T 6 100C-1¢-L 8¥ 60 IL 60 6¢ TY “OALI(] S[OLIQ “IOATY UdAYsMEYS 0} AIeinquiy, paweuuny [0V
uiseg Janly usaysmeys
a3puqunog
6L LS 69’ Ly 00 0¥ 6 100C-10-8 LT CTOCTL Sev0OTH 10218 AoIB “IOATY Sneqauin® o) Arenquy, powreuun (LS
8puqInS
6¢ 148 4 69 00 60’ 68 100C-20-8 81 20CL 9060 ¢t ‘peOY PpeTT YooIg ANSUrd 0} AIeInquy, paweuun)  70-HS
93pLIqINS
78 sy oL 9T°€s 00 sy 88 1002-10-8 #¥€0CL $SHOTY  ‘PeOy ddL[[eA) “IOATY Sneqaumng) 0) Aenquy, pawreuun  [0-pS
L6 78 €6’ 69'LY 8L'T 9CT 98 100C-10-8 9T9S 1L TOTOCTK Korpn(y ‘peoy Aopre ‘youerg syny,  ¢0-td
K9rpnq
g6’ I8 06’ 9¢°LS 00 0T 6 100C-10-8 ¢€¥8S 1L 61 €0Cy ‘peoy [[IAl ‘1oAY Sneqaumng) o) Areinqu, poweuun)  [0-¢d
preyoo1g
€6’ 8L 38 LE'89 60’ e 68 1002-20-8 SE€80CL 9560 Y ‘PeOY 19qqIM Puo SU0T 03 AreynqLif, poweuu  [0-Ld
86 88 96’ LS€8 €6'8¢ 0L9 88 100C-10-8 SETITCTL 1S90CTH PIPYWLIE ‘PROY PUB[[OH oold SAeM\  S0-0d
SLO  8¥0 290 €96 OL’LT LLO 88 1002-10-8 €€ €1 CL 0S90TH plRYWILIF ‘PROY MO[[OH ool So[ey)  €0-0d
uiseg Janly bneqauing
panunuon—uoibay uiajsey
Ajjeruuasad  (yuaaiad) m:_“”“_M& - (Juaosad)
yunp  yuny  Buimopy weans  puej " P (z1tH) uoneinp  pPamIasqo wio wio 'ON
|aneab eale uo1JeI0| pUE dWeu 3}Is-weails
1addn 1amo7 jo Anjiqeqosd  3sasoy uepues  ofeuieaq VOB PAlEW  3leg apnybuoy apmneq uonels
pajewnsy jo ealry _..S m_“.._< 1ea -ns3

[soqrur arenbs ¢ 1w {AoAIng [2130[090) *S°N) ‘SO HRqUINU “ON "000T ‘ZSALI] pue sary :SILVLSINVAYLS “utodino Liiqeqoid
-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJL)S SuoNRNSar pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -aiis weans 1e A[emu
-uaxad Surmory weans jo Ajiqeqold 10 s[eAIa)UT 90UAPUOD Judd1ad-G6 :syru] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeaU J& MO[JWEans 10 dN[eA UONRINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIS PUE ‘SIINUI ‘SIVIFIP U] :dPNJIFUO] pUL IpMNe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *0N uone)s]

panunuo)—:spasnyaessel ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 1aylo pue uonduasag

‘8 9lqeL



63

Table 8

d d d d I I d d d I d ToAOURH ‘6ET QINOY AEIS OOIg QUIN UOK] GO IH
JOAOURH
d d d d d I d I I d d 100N S UIRIA| “JOATY JoyemyuLI(] 0} AreinquL, pawreuuy  $0-4H
J9AOUBH
d d d d d 1 d d d d d ‘Kempeord “IOATY peaH uelpu] o) Arenqriy, pawreuun)  [0-JH
uiseg |eiseoq ymnos
KIngsymay,
d I I I I I I I I I I ‘8¢ AINOY AIrIS YooIq IrAH 0} Areinquiy, pawreuu)  [0-N.L
d d d d d d I d d d d pI0dU0D) ‘peOY BIUISHA Noorg wid  [0-LD
JoAOpUY
d d d d d I I d d d d ‘OALI(] Q[OLIQ) “IPALY USAYSMEYS 0) ATEINGLL], powreuun)  [Q-[V
uiseq JaAly uaaysmeys
a3puquinog
d d d d d I I d d d d ‘001§ AT ‘IOATY Sneqaumng) o) Awnqu, pawreuuny  [0-LS
93puqIms
d d I I 1 I 1 I I I 1 ‘peoy ppe] oorq ANSurydIA 0) Areinqui, poweuu ) 20vS
a8puqIins
d d d d d I I d d d I ‘PeOy oe[[EA TOALY Sneqouing) o Arenguy, poweuun)  [0-4S
d d d d d d I d d d d Aorpn( ‘peoy Aopreq ‘youerg syny,  z0-cd
Aorpnq
d d d d d d 1 d d d d ‘peoy [[IA J9ARY Sneqaumng) oy Aremnquif, paweuu ) 10-¢d
peyoolg
d d d d d d 1 d d d d ‘proY 1qqop ‘PuOd SUOT 0) ATeinquiy, paureuu ) 10-L4
d d d d d d d d d d d PIPYWLE ‘PROY PUB[[OH Yoolg SAepy  S0-Od
d d d d d d d d 1 d d pleywLIg ‘pROY MO[[OH “ooId Sa[Tey)  €0-0d
uiseg Janly Bnegauinp
panunuo)—uoifiay uiaise]
smejs
08 58 06 %6 86 g6 Smeis  smeis  dew o smes oN
uonenba suonenfias aiydesf uonenba uoIed0| pue aweu A)s-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIYLS sosn

[soqruu arenbs 1w {AoAIng [80130[090) *S') ‘SHSN LIqUINU “ON "000T ‘ZSL1 pue sary :SLVLSINVAULS utodino Aijiqeqoid

-8€°0 M (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISTADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIUI dOUIPIFU0D JUdd1d-G6 :syruul] 1dddn pue 19mor] ‘uone)s Jurde3-mo[Juweans Xopul AGIedU Je MO[JWEBAI)S I0J dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJRWST "SPUOIIS PUE ‘SINUIW ‘SIIIFIP U] :9pMIISUO] PuL IpMNe T ¢ 2INS1J U0 UMOYS JUSNIULIDIUI SB PIAIISQO SIS WRAL)S PUB ‘7 NI UI UMOYS [RIUUAIAd SB PIAIISQO $)IS WRANS 0N uonels|

panunuo)—:spasnyaessel ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 1aylo pue uonduasag

‘8 9lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

64

ems

€¢ 0¢ 17 CTLL 00 ST 06 100C-10-8 SCTLYOL TEeTI Ty ‘peoy [[IH Yooy oorg punog o) Arenquiy, poweuuny  70-OS
66 6’ L6 [4N4 L9'8¢ S94 S6 [00C-10-8 ¢CO9S0L <T¥LOCY PUBYO0Y ‘@NUSAY YMON ‘Weang youal]  [0-DY
yInowA[J ‘peoy JOON pue
00T v6 66 LT 00°001 SL 8 1002-90-6 0T 6£ 0L 8S9S I¥ V¢ ANOY AeiS “JoqIey YnowL[d o) Arenquif, paweuun)  $0-Md
88" ¢ SL 06°61 00°001 61" 8 100C-L0-6 € 9¥ 0L LS €0Ch oIquIsd IR $SAIZU0D) Yoorg PUBRION  S0-Hd
LY €L 18 LT'89 €1'0¢ 16° 8 100C-L0-6 LS LY OL LEVOTY ayoIquIad 1AM Ia3Teq “Yoord Suppnd dMWIT  ¢0-dd
6 €8’ 16 144 1T¢cs ¢l 78 100C-L0-6 ¥I LY OL LSSOCY AOIqUIS 12aMS IoJeA NI uosuiqoy  70-dd
aoIquiad
8¢ e o Y6'LS 00°1¢C oI 8 100C-L0-6 8% LY OL 0SSO0y ‘€6 2oy IS IOARY YHON 03 Areinquiy, poweuu)  [0-dd
LL 8¢ 89" 8C0S 99°8 8¢ 8 100C-L0-6 Ol 87 0L 11 LOTY [[PMION ‘proy uosjls “Yoorq Arouue], puefedo)  ¢0-GN
[[PMION 19918
76’ 08’ 68’ €' v9 €6°01 6’1l 06 100C-10-8 0¥ LY OL €SS 60TY [e1USD “YooIg SULLISH puoddg 0} Arenquiy, paweuu)  [(-SN
PIRYYSIEIA
16° LS 6L LI'El 796 or 8 1002-L06  9€THOL T¥¥0TH ‘1PMS InUEAy “IOATY 10qIeH Uda1) 0) AIenquif, paweuun)  ¢0-HIN
PIPLYSIBIN
06 L9 18 69°¢S '8 9¢” 8 100C-L0-6 1vTrOL S¥ SOTh ‘JoanS IOARY INOS “IOARY INOS 03 Areinqriy, paweuu)  70-HIA
8’ L9 LL Cs9 00 €6 8 100C-L0-6  ¥S € 0L <T0 60 Tr PIPYYSIBIAL 190 Jowwung “joold sowed yeuuey  [0-HIA
LL €’ 9¢” 9°'L8 7L°98 (44 78 [00C-L0-6 CO¥VrOL LIG6S IV uoJsSTULY 9amn§ YooIq oorg piyL,  L0-DM
6L e’ 65" £8°¢9 00°001 48 8 100C-L0-6 1€ € 0L SO6S I U0JSTULY ‘J921G JOOIg PUOIIS 00Ig PUodRS  $0-D
06 6§ oL 81°89 00001 se 78 [100C-L0-6 Sy v 0L 81651V uoISTUTY| 1221§ JOOoIg YOOI PUONS  70-OYy
uoIs3ury
6 19 18 508 00001 9¢" 78 100C-L0-6 €E€L¥YOL €I 10T 19211§ OIqUId] e JOA[IS O} ATeINqLi], poWeuu)  [0-D3]
uosueH 931§ U0IFUIYSLA\
€6’ 8L 88" 8€°69 799 0T €8 [00C-S0-6 LT ESOL €I1¥0Ch 1S9 H[0o1g MOPESJA] 100 0} ATeingLi] paweuun)  z0-OH
uosue |
06 YL €8 88°19 86°9¢ 89° €8 1002-S0-6 1¥CSO0L 91SOCTH ‘Joon§ SUTY “IOARY JO)EMULI(T 0} ATenquif paweuu()  [0-OH
IOAOUBH ‘QUBT POOMI[PUL))
€60  S90 £8°0 €' ve 00001 LTO 78 1002-L0-6  S€0S 0L 8€90 Ty PUB AL PIdY “IOARY PedH uerpu] 0} Areynqui] paweuun  0-IH
panuniuo)—uiseg [eIseo) yinos
panunuon—uoibay uiajsey
Ajjeruuasad  (yuaaiad) m___“”ﬂ& - (Juaasad)
TTT yuwi  Buimopy weans pue| " P (W) uoneinp  panIasqo o o ‘ON
|aneb eale uo1jeIo| pue aweu ajis-weans
1addp 1amoq  jo Aujiqeqoud 1910} ue pues  obeures MO[} pajew ajeq apnubuo] apmneq uonels
pajewnsy jo eaiy _..S m_“.._< 1eia -ns3

[soqru arenbs ¢ 1w {AaAIng [2130[090) *S'N) ‘SO HRQUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Aiiqeqoid
-8€°0 I (Z00T) PIPYYDIY pue Juag :smyejs uonenbs snoirdad 700z ‘¢ 1oquiada(] UOISTAYY :SNJE)S SUonRSar pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -a1s weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 s[eAIaIUT 90UAPUOD 1ud213d-G6 :syru] Jaddn pue 1m0 ‘uonels Surses-Mo[Juweans Xopul AGIeaU J& MO[JWEans 10 dn[eA UONeINp-MO[J [enbd 0] pawnssy :uoneInp

MO[J PAJBUWINSF "SPUOIS PUE ‘SINUI ‘SIAIFIP U] :DPNJIFUO] puL IpMNe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 2INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palsIA-plaly 1o} uoew.Iojul 1aylo pue uoiduasag

‘8 2lqeL



65

Table 8

2Jemds
d d d I I 1 1 1 1 I 1 ‘peo [ITH poog oord punog o) Arenqu, poweuun  z0-DS
d d d d d d d d d d d PUBPIO0Y ONUSAY YUON ‘Weang youary  [0-DY
SHSOE%_L m@NOM JOON pue
d d d d d d d d d d d V¢ oy ayel§ Joqrey ynowk[d 0) Arenquy, poweuu)  $0-Md
d d d d I I d d d d I 9YOIqUI] ‘}99N§ SSAISUOD Y0ooIq Pue[leIN  S0-dd
d d d d d I d d d d I oyoIquiad ‘19ang IoIeq Yooiq Suppnd oMrT  €0-dd
d d d d d d d d d d d SOIQUIR IS JOIEA NAAID uosuIqoy  Z0-dd
oIquidg
d d d d I I d I I I I ‘G Aoy QIS IRATY YuoN 03 Aenquy, pswreuun)  [0-Hd
d d d d d I d d d d d [[PMION ‘PrOY UosIalg “Sjoorg Awouuey, puejado)  €0-GN
[[OMION 19918
d d d d d d d d d d I [eUR) Yool SULLIDH Puodag 0} Arenqrif, paweuun)  [0-SN
PISLYSIBIA 1991S
d d d d d I d I I d d IMUEA “ISARY J0QIRH U1 0} ArejnqLi], paweuu)  ¢0-HN
PIRYYSIEN
d d d d d I d d d d d 1001§ TOATY (INOS “IARY (INOS 0) Areinqu, pawreuu)  Z0-HIA
d d d d d I d d d d d PIOYUSIEIN 191§ JOUING YOOI souwer yeuueq  [0-HIN
d d d d d I d I I d d UOISIULY J00mg oorg ool PIYL  L0-DM
d d d d d I d I I d d U0ISTUTY] 12211G HOOIg PUOIS YOOI PUONS  H0-DM
d d d d d d d d d d d uolsury| 1021g J001g YOoIg puodds  70-DMN
uo3s3ury|
d d d d d d d d d d d 1901 0IqUIdg ‘e IOA[IS 0} Arenquif, powreuuny  [0-D
UOSUBH 19911§ UOISUIYSBAN ISOM
d d d d d d I d d d d “jooig MOPEaJA 100 0} Arejnqriy, paweuu)  Z0-OH
uosuey
d d d d d I d d d d d 1001§ Sury] “IPARY IojeMyuLI(] 0} Areynquiy, paweuu)  [0-DH
JOAOURH ‘QUBTT POOMI[PUR)) pue
d d I I I I d d d d d SALI( PASY IOATY PEAH ueIpu] o) Arenquiy peureuun)  L0-AH
panunuoj—uiseq |eISe0) yinos
panunuo)—uoifiay uiaise]
smejs
08 58 06 %6 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias aiydesb uonenba uoI}e90| pue 3weu As-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad Je snjejs) SIVISINYIYLS sosn

[soqruu arenbs 1w {AoAIng [80130[090) S ‘SHSN LIqUINU “ON "000T ‘ZSALI pPue sary :SLVLSINVAULS utodino Aijiqeqoid

-8€°0 YNM (Z007) PIOYYIIY pue juag :snjejs uonenba snoiadad ‘700z ‘0 10quiadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Jurmory weans Jo Ajiqeqoid 10§ S[BAINUI dOUIPIFU0D JUdd1d-G6 :syruu] 1oddn pue 19mo] ‘uonels Jurde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UONRINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJBWINST "SPUOIIS PUE ‘SAINUIW ‘SIAIFIP U] :9pMIISUO] Pue IpMNe T "¢ 2INS1J U0 UMOYS JUSIIIULIDIUI SB PIAISSQO SIS WRAL)S PUB ‘Z I Ul UMOYS [RIUUAIAd SB PIAIISQO SIS WRANS 0N uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘L00g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 18ylo pue uoiduasag

‘8 9|qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

66

9" S8 6 81 LTOL Y6 68 100T-S0°6 tP+0IL T 10TH UOISEH 109nG ASMEN “oorq Jor[d 0} Arenqu, poweuun)  SO-INH
uojseq ‘snduwed
99’ NS4 9¢ Se9 00 4% ¢8 1002-S0-6  LSYOIL LEECOTY  9S9[[0D [[IYSUO}S UO ‘PUOJ SAWY 0} AIenqui], poweuu)  $0-INH
uojseq
4 €T e SLEL 1S°0¢ cr 96 1002-C0-8 0l 60 IL LTI0CY ‘901 QANOY LIS IAARY d0ue)) 0} Areinqriy, paweuu)  70-INH
6’ 8L LY 1699 6'0C LY'1 96 1002-20-8 8790 IL o6¥ 10T¥ uojser ‘¢z Moy 9ei§Avang jodoq oorg Yoerd  10-INH
L6 88’ 6’ 01°9¢ e [SSy4 €8 1002-S0-6 00SS0OL TCTIOTY I9)ema3plIg Jseq 19en§ JuddsAI) Yoorg el [0-dd
uoyy3Iq
18 9 eL S8'LL 00’ 86" €8 1002706 €780 1L THOS Iy  ‘Peoy SSTL “IOARY 19sue3aISag 0) ArenqLiy, psweuun)  0-Ld
8L 6S 69’ o' GL 00 6L €8 100C+0-6 9€80 1L €TLY IV UOJYSI( JO21S WY YooId UTeA Uurioqe]  $0-Ld
uoysIq
o eI LT 6L'66 00 (14 €8 100C-+0-6 6060 IL LCTOS I¥ 199§ 19JUD)) “IOATY 19SUBFAIZAG 01 Arenquiy, poweuuny  70-Ld
uopooIg ‘1ans
€6’ LY €8 88°C L6°0C LT g8 100C-S0-6 8€€OIL 60¢€0Th MUY IS\ Y0OoIg 19s99m0D) 03 Areinqri], poweuu)  Z0-dg
66’ 16’ L6 8081 69°C¢ 781 96 1002-C0-8 1CCOIL 1T€0CH U001 192N INUISAYD) ISOM NOOIg MOPEIN IO\ [0-dd
98 oS’ I ey 1666 cr €8 100C-+0-6 8SSSOL TTTSIV IeMa3pLI IanG uIqny oorg 10Aedg  G0-Nd
6’ LL 98" £9°0S 00’ YTl 68 1002-S0-6  LO LS OL 0090 T¥ UOJ3UIQY 199N PUB[YSY IOARY Weans  [0-gV
Aprreg
< ov I< (4% % €L w €8 100C-S0-6 €0SOTIL 0CTOS Iv ‘}931)§ USRID “ISATY UOjUNE], 03 AIeInqLi], poweuu)  (-8V
Kapjleg
99 ¢ 34 ¥6'C8 00’ ¢ €8 1002-S0-6 €C€I0IL €vOSIvY ‘}ong UIBJA] Y3nog ‘Aed J0U0SSY 0} Arejnqui] paweuun)  ¢0-8V
Kopjreg
9L’ 09’ 69’ c0°L9 SE91 49 €8 100C-S0-6 SEI0IL €V O0S I 991§ AJuno) “ISARY A3[30) 03 Arenqui], psweuu)  70-8V
uiseg Janly uoune|
S6’ 8 16’ £€6'9¢ 118 9T'1 ¥8 100C-L0-6 €OvP 0L SEITCTh 9eMIOG ‘prOY USP[LL, Yoold Imes  ¢0-OS
6 oL 98 LT'TIL 9¢y 6L'1 06 1002108 9€9Y 0L 6C 11T denyiog ‘pang S[deIA Yoorg SULISH I8IL]  $0-OS
)eNn)Iog ‘proy
990 8€0 50 IL9% 000 61°0 06 100C-10-8 SSOr 0L 8EIICh ystred 811 Yoorg SULLISH JsIL] 0} Areinqriy, psweuun)  ¢0-DS
panunuo)—uisegq |eISE0) YINos
panunuo9)—uoifiay uia)seq
Ajjeruuasad  (Juaaiad) m___“”ﬂ& - (Juaasad)
ywip  yuwip  Buimopy weans puej " P (W) uoneinp  panasqo "o "o ‘ON
|aneib eale UO0I}BI0| PUE dWeU d)IS-weans
1addp 1amoq  jo Anjiqeqoud )salo} ue pues  abeures Mojj pajews  aje(q apnybuo] apmneq uonels
pajewsy jo ealy _.,S a_“.._< 1eia -ns3

[soqrur arenbs ¢ 1w (AoAIng [0130[090) *S°N) ‘SOS HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Lpiqeqoid
-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -ais weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 S[eAISIUT 90UAPUOD Jud213d-G6 :syrun] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeau Je MO[JWeans 10 dN[eA UONERINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] PUL IpMNe] ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUR ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



67

Table 8

uojseyq
d d d d d d I d d d 1 ‘018 AdIeA Yool doe[d 0} Aremnquiy poweuu)  §0-NA
uojseq ‘snduwred
d d d I I I I I I d I 932[]0D) [[IY2UO0IS UO ‘PUOJ SOy 0} AIeInqriy, pauwreut)  0-NH
uojseq
d d d I I 1 I 1 1 I I ‘901 INOY ALIS “IOARY doue)) 0) Arenqriy, pawreuu)  gO-NH
d d d d d d I d d d I uojseq ‘gz AInoy AeigAeang loda Yoo yoerg  10-NH
d d d d d d I d d d d Io1eMaBpLIg ISE 100N§ 1UedsaI) Yoorg Yorld  [0-dd
uony31(y
d d d d d 1 1 d d d d ‘peoy S3Tng I0ATY JesueFai3eg 01 Areinquy, paweuun  GO-Ld
d d d d d 1 I d d d I uojySI( ‘199N§ Wy YOOI UleA UTI0QeTT  $0-LA
uoyysIq
d d d I 1 I 1 d d I d 9901 19D “TAATY JosueSaISeg 0) Axeinquiy, paweuun)  ¢0-LA
uopoIg 90nS
d d d d I 1 I 1 1 d d NSy ISIM NooIg 10s0am0)) 0} ArejnquL, paureuuy  70-dg
d d d d d d I d d d d UOPO0Ig 991§ INWISAYD) ISOM YOOI MOPBIN[ 1S90, [0-dd
d d d d d I I I I d I Io)ema3plIg 1an§ wnqny Yoorq 1oaedg  G0-N4
d d d d d d I d d d d Uo)SUIQY I9MS PUBIYSY “IOAR] Weans  [0-gV
Aappeg
d d d d d 1 1 d d I 1 J011S UQQID) “IOARY UOJUNE], 0) AIBINQLI], poweuu)  $0-8V
Koppog
d d d I I 1 I d d I I ‘1001§ ure]y YInog ‘Aeg j1ou0ssy o) Areynquf, paureuu)  ¢0-8V
Kapjreg
d d d d d d I d d d d ‘021§ Aiuno) ‘10Ary Aop0) 0y Areinquiy, paweuun  Z0-8V
uiseg Jaaly uojune|
d d d d d I d d d d d 91eMI0S ‘PROY USP[LL, Yooig Imes  G0-DS
d d d d d d d d d d 1 ojenyiog jeong ddey ‘Yoorg SULLLH ISIL]  $0-DS
91BN)I0G ‘prOY
d d d I I I I I I I 1 ystied 18114 “Yoouq SuLLIdH js11 0} A1emnqriy poweuu)  €0-DS
panuiuo)—uiseg |e1seo) ynos
panunuo)—uoifiay uisjsey
snjejs
08 58 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias oaiydesb uonenba uoI}ed0| pue aweu As-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIULS sosn

[soqru arenbs 1w {AoAIng [80130[090) *S') ‘SHSN {IqUINU “ON "000T ‘ZSAL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIMm (Z007) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PISIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIUIL dOUIPIFU0D JUdd1d-G6 :syruul] 1oddn pue 19mo] ‘uonels JuiFe3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SINUI ‘SIAIFIP U] :9pNIISUO] UL IpMNE T "¢ 2INS1J U0 UMOYS JUSNIULIDIUI SB PIAIISGO SIS WRALS PUB ‘Z 2INFI Ul UMOYS [RIUUAIAd SB PIAIISQO $I)IS WRANS 0N uonels|

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

68

86 6% S6’ €09 19 80°¢ €8 1002606 €0€0 1L 0 ¥S 1¥ weyuiey PG YPnog Yoorglojweq  SO-vVy
€8 W YL L0798 0061 €01 €8 1002706  SO00 TL LOSS T¥ weyuiey Jeang duld Yoorg pesseq  €0-vVd
86 S%§ ¥6° SyTe 00001 79 €8 100206 6220 IL 0T SS ¥ weyuiey Jeang sury yoorg oTuweq 70"V
8Ty SL LTS9 SI'Y9 ov' L8 100T40°6 90 11 1L +1SS 1Y UOLION “J991)§ S93POH 1Sty Y0oo1g MOPBIN  [0-¥N
Y3n0I0qa[pPIA
€L vS ¥9° €6'LL 6L°L 09° €8 100240-6 00LSOL SPSSIy  ‘190nS WNOWA[J I9ATY uojune], 0} Arenqu], poweuu) [ <L
S8 oL 8L ¥679 €1'8¢ <) €8 1002706  6€£8S0L 8SSS I¥ Y3n0I0qPPIA ‘1921S YnowL[d Joorg Beid snQ  O1-LIN
Y3n0I0qPPIA
€8 8y oL €€°L9 $9'TE ¥9° €8 1002706 €F #SOL 9€ ¥S T¥  199mS Mnowk[d “TOARY JoysewoN 0} Arenquif, powreuun)  80-LIN
06 SL v8 86°TL 09°LT 6T'1 8 1002-90-6 LS ¥SOL 800S 1% Y3n010qIIPPIA 1991S JI[[IA N0OoIg YOON SN LOLIN
Y3n0I0qa[PPIA
98 09 SL LY'LL ¥9°L9 s 8 1002-906 0T ESO0L 9S0S 1¥ ‘19218 INUBA ‘PUOd BYSYOO4 03 AIRInqui[, pawreuun)  GO-LIN
Y3n0I0qPPIA
8L 09 oL 06TL 96°9¢ 0s €8 1002706  8€ TSOL 65 SS T¥  199mS 190 ‘dwremg 1epa)) jea1p) 0) Arenquif, pawreuun)  $0-LIA
18 09 L 8¢°€8 T 01 €8 100Tv0-6 TSHSOL TESS 1Y Y3noIoqa[pPIAl 193§ UIe|d Yooig we( 0Aedg  ZO-LIN
Y3n0I0qa[ppPIA
I8 19 w 818 2% 001 €8 1002-+0-6  0S €SO0L +T LS 1Y ‘yoong uosdwoy], “yoorg pue[s] yeQ YA\ [0-LIN
S[[IAET ‘60T pue
68 9% oL YL 00001 ¥T 8 1002-90-6  0£ 9S 0L 8S 61 I 8T 20y 91e)§ ‘puod 1esdwomessy 03 Arenquif, poweuuny  90-3'1
S[[rAYeT ‘peoy
Y9 LE 0S’ wse 9T 9¢’ €8 1002-S06 1S00 1L T118b 1% puB[MOH “IoARy dwems 1epa) oy Areinquiy, poweuun)  GO-3'1
98 09 SL 9L°LL €599 €S ) 1002-90-6  €TSSOL TS8P 1¥ S[[IASYET ‘g1 PUB GO SINOY RIS V0oIg NAWER],  $0-N'T
S[[IAdNET ‘6L
08 ¥9 €L 06'1S 90 ve 8 1002906 CTI6S0L TIIS Iy  9MOY elS ‘puod d[0H Iedg Sig 0} Areynqui] psweuu)  ¢0-3'1
o[[1aaye]
o I ST 89°TL 10T 60" 8 1002-90-6 €€8SO0L 178 Iy  ‘Peoy Awuno) Sjooig AemeyieH Jo Arenqui paweuun)  0-31
9. €S S9° 7o 00’ S¢ €8 1002706 01 LOIL 1Tty Iv JOATY [1e] ‘PeOY UOS[Ip “Yoorq dod)s  10-¥d
€80 850 L0 YTv6 97Tl w1 €8 1002-S0-6  SS €0 TL 6£9Y 1¥ UM030a1] ‘proy duked yoord Aol  ¢0-¢d
panuiuo)—uiseq JaAly uoune|
panunuon—uoibay uiajsey
Ajjeruuasad  (yuaaiad) m___“”ﬂ& - (Juaasad)
ywip  ywi  Buimojyweans  pue) " P (z1tt) uoneinp  panIasqo o o ‘ON
|aneb eale uoieoo| pue auieu ajis-weansg
._ca_n_: amo] }o >u___e_ma_o.=._ }salo} ue pues  abeurel Mo|} pajeu aje(q c_:_u_m:c._ apnjieq uonels
pajewnsy jo eaily _U.S m_“.._< 1e1a -ns3

[soqru arenbs ¢ 1w {AaAIng [2130[090) *S'N) ‘SO HRQUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Aiiqeqoid
-8€°0 I (Z00T) PIPYYDIY pue Juag :smyejs uonenbs snoirdad 700z ‘¢ 1oquiada(] UOISTAYY :SNJE)S SUonRSar pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -a1s weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 s[eAIaIUT 90UAPUOD 1ud213d-G6 :syru] Jaddn pue 1m0 ‘uonels Surses-Mo[Juweans Xopul AGIeaU J& MO[JWEans 10 dn[eA UONeINp-MO[J [enbd 0] pawnssy :uoneInp

MO[J PAJBUWINSF "SPUOIS PUE ‘SINUI ‘SIAIFIP U] :DPNJIFUO] puL IpMNe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 2INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palsIA-plaly 1o} uoew.Iojul 1aylo pue uoiduasag

‘8 2lqeL



69

Table 8

d d d d d d d d d d d weyuAey 091§ YOS YooIg 0T Wed  S0-VY
d d d d d d I d d d d weyquiey Jeong duld Soorg nassed €0~V
d d d d d d I d d d d weyuiey je0ng Fury Yooig 10T Wwed  70-VH
d d d d d I I d d d d UOMON 1001§ SATPOH ISty YooIg MOPedA  [0-FN
43Nn010G2[PPIA
d d d d d d I d d d I 021§ YINOWA[ “IOARY UOUNE], 0) ATeINqLL], powreuuy) [ [-LIA
d d d d d d I d d d I YSN0I0QR[PPIA 191§ YInowA[d Noorq Neid s OI-LIN
43n010qa[PPIA
d d d d d d I d d d I 10011 YINOWAT TOALY JOYSEUWAN 0} ATeinquy, pawreuu()  80-LIN
d d d d d d I d d d d YSN0IOQ[PPIIA 1001S T[Tl N0OIg YOoN SN LO-LIN
43Nn010q3[PPIA
d d d d d d I d d d d 091§ MUeA| ‘PuOd BYSOOd 0} ArenquL, paureuu)  GO-LIN
Y3Nn010qa[PPIA
d d d d d d I d d d d ‘1021 19[[n] ‘dwems 1epa)) 1eaID 01 AreInquy, powreuun  0-<LIN
d d d d d d I d d d d YSN0I0QI[PPIAL 100N§ UTR[d “foorq W] IAedq  ZO-LI
Y3noI0qa[ppIA
d d d d d d I d I d I ‘020§ uosduwoy], “YooIg pue[s] yeQ aMyM  [0-LIN
Q[[IAMET ‘GO Pue [
d d d d d d 1 d d d 1 N0y 9e1S ‘puod 1osdwomessy 03 Arejnqri], paweuu)  90-N1
o[[Iaaye] POy
d d d d d d I d d I d PUB[MOH “IoARY duremg Iepa) o) Areinqrif, pawreuun) GO~
d d d d d d I d d d I O[[IARYET QT PUE GO AINOY GIEIS YOOI NAWEL, 0~
o[[IANET ‘6L
d d d d d d I d d d d ooy 21elg Puod AOH Ieoq i 0} Arenqu poweuun)  €0-3'1
o[[IAdE]
d d d d I I I d d I I ‘peoy Kuno) Sjoorg Aemeyyey jo Areinqu, powreuuny  g0-3'1
d d d d I I I d d d d TOATY [[B] ‘PEOY UOSIA oorg doays  [0-¥d
d d d d d d I d d d d um0jd21] ‘peoy] duked Soorg AL €0-¢Ad
panuniuo)—uiseg JaAly uojune|
panunuo)—uoifiay uiaise]
snjejs
08 58 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias oaiydesb uonenba uoI}ed0| pue aweu As-weans
SNoIN3ld  pasinay -odo)  pasinay Pon1asqo uonels
(uoneinp mojyJuaaiad je snjejs) SIVISINYIULS sosn

[soqruu arenbs 1w {AoAIng (80130090 *S') ‘SHSN LIqUINU “ON "000T ‘ZSAL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIMm (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PISIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10J S[BAIUIL dOUIPIFU0D JUdd1d-G6 :syruuf 1dddn pue 19mo0] ‘uonels Surde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9pMIISUO] PuL IpMNe T "¢ 2INS1J U0 UMOYS JUSIULIDIUI SB PIAISSQO SIS WEAL)S PUB ‘Z I Ul UMOYS [RIUUAIAd SB PIAIISQO SIS WRANS 0N uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.Ioul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

10

PIOYWHE ‘(PUNOISan) (7

8L LS 89 §C96 1¢°¢ 123 68 100C-20-8 ¢vSIcL T180¢CK 2IN0Y QIS ‘WLdN [[IA NSO 0) AreInqu, powreuun)  90-0fg
96 53 €6’ 9019 00’ 8’1 68 100C-20-8 o6E¥CCL 91 VI TV umouayd[ag 1901g Mo[pn] Noolg Suleoy  £0-SV
€6’ 6L 88 8€9L ¥0°6% o 68 100C-C0-8 1T¥CCL 61S1TY umoLayd[eg ‘proy pleysutdg oorg prorg  70-SV
66 16 L6 €EvL 00 (424 08 100C-L1-8 6% 80CL TSETTH SLEg ‘proy YOMpPIRH Y001g 9S00 SO-CTV
alregqg
99 Le 4% LLYL 00’ LT 08 100C-L1-8 00S0¢CL CI9CCTy ‘ONUDAY ASLIUNG “YOOI{ JUESEJ 0} AIRINqLL], paureuu)  $0-gV
Areq
SL 99 99 £8'¢8 00’ 8¢ 08 100C-L1-8 Iv¥0CL 1y STTY ‘79 QIN0Y AEIS YOOI JULSEA[J 0} AIINGL, poweut)  €0-¢V
€6’ 08’ 38 LO'LL 00 el 08 100C-L1-8 LEYOTL 1¥STTY SLBg 79 ANOY SrIS ooig wesedld 0TV
€6’ 6L L 978 00 4! 08 100C-L1-8 8060CL T1I19CCTh QLR ‘TTI SINOY AILIS/CE AINOY LIS NOOIg SO0 0TV
uiseg Janly aadoaiyy
uoibay wa)sapp
98’ LY 8L YT8L 00° (43! €6 1002-70-6 0T 81 IL +S TS I UOYAS 021§ duld “00Ig $3[0D) 0} Arenquif, paweuun)  [0-HS
uiseq Jany s\ uaL
UeunIgA 199ns
18 LS IL 88 00’ ¢ €8 1002-S0-6  9S+¥SOL 9T S0THF  WNOWK|J “JOARY JUEOEISMEWNYS O) ATRINQLLL, poWreuu)  g0-[X
UeUnIYA
Y6’ 4 06 19°¢S ev'LS 96 €8 100C-S0-6  ¥€LSOL OI ¥OCTh 1021§ UIMgny YooIg MOpeay 01 Areinquy, pawreuuny  [O-IX
101eMO3pLIg 1SOM 1991S
39 9T 6¢ L8'8S 00 ST €8 100C-S0-6 8ETI0TIL LETOCTK JURISAIY) N0OIg MOPEIA ISOM 01 AIEINGLIL, paweuu)  Z0-LM
I9)ema3pLg
L8 LY 6L TLYE LLLS 9T €8 1002-S0-6 8S00 1L #T10TH 1soM ‘10ang Suudg Yoorg MO[[Ip O ATeInqu, poweuu)  [0<LA
06 o €8 ceSL §g'ss €6’ €8 [100C-¥0-6 €v 01 IL ¥V ES IV UOJUNE], 21§ 9Qa[D) TOARY JosueSaIfeg -V
uojune], 3eans ued(q
€6’ 08’ 88" LY I€LE 53 €8 1002-S0-6  LTYOIL 91 ¥S 1¥ [ 9INOY 9IS “IOALY uOjUNE], 0} AreJnqLif, poweuu  Z0-VL
uoreys
950  €€0 ¥¥°0 16718 1€°L 620 S8 1002-50-6 CI80IL TO90TCTH “OALI(] d[IsE)) ‘PUOd SUOT sowry 0) AreynqLif, peweuun)  [(-IS
panuiuo)—uiseg JaAly uowunej
panunuon—uoibay uiajsey
Ajjeruuasad  (Juaaiad) m”__M”H& (Juaosad)
ywip  yun  Buimopy weans  pue) : P (zltt) uoneinp  pan1asqo "o wio ‘ON
|aneah eale uoIea0| pue aweu ais-weans
1addn 1amoq jo Aujiqeqosd  3sasoy pue pues  abeureig mojjpajew  ajeq  apnubuol apmmne] uonels
pajewnsy jo ealy 0 sary ; -ns3

[soqrur arenbs ¢ {AoAIng [e2130[090) *S'N ‘SO HRqUINU “ON "000T ‘ZSALI] Pue sary :SLVLSINVAYLS “utodind Aipiqeqoid
-8€°0 M (Z00T) PIPYYDIY pue Juag :smejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJe)S SuonRNSalr pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -aiis weans 1e A[emu
-uarad Suimory weans Jo Afiqeqoid 10J S[EAIIUI 90UIPLU0D JuddIad-G6 syl Jdddn pue 1omor] ‘uone)s Surdes-mo[jureans xapur £qIeau Je MO[JUIRAI]S I0J dN[BA UONRINP-MO[J [enba 0] pawnssy :uoneanp

MO[J PAJBUWINSF "SPUOIIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] pue IpMINe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUR ‘7 2InT1J UI UMOYS [eruuIad Se PIAIISqO SIS WeaNS *0N uone)s|

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|) ul Aud 1o umo) pue ‘uiseq JaAll Jolew ‘uoibal Aq says wealls palisIA-plaly 1o} UoeW.Io)ul 18Y10 pue uonduasaq

‘8 9lqeL



n

Table 8

ploywiLig (punoqsam) 0z

d d d d d d d d I d d aINoY 21EIS “Weang [[IN HO)So,] 03 AIenqu, pawreuun)  90-Od
d d d d d d I d d d d UMOLIOYD[Og J001S MO[PNT YooIg SuLieoy  €0-§V
d d d d d d | d d d d UMOLIAYD[RE ‘peoy ploySuLids Sjoord peorg 0-SV
d d d d d d d d d d d olred ‘peoy YOIMPIRH JOOId SO0\ S0¢V
aueg
d d d 1 1 1 1 1 1 1 1 ‘QNUIAY 9SLIUNG YOOI Juesed]d 0} ArejnqLi], paweuu) v0-2V
areyqg
d d d d d I I d d d d ‘79 MOy AEIS ooIg Juesed|d o) AremquL, poweul)  ¢0-¢V
d d d d d d I d d d d SLEg ‘79 ANOY eIS Nooig uesedld 0TV
d d d d d d I d d d d dled ‘7T 2IN0Y ABIS/TE ANOY LIS N0OIg SOOI 10-¢v
uiseg Janly aadoaiy
uoibay wa)sapy
d d d d d I I d d d d U032 221§ duUIJ N0O0Ig $I[0)) 0} AIEINGLI[, poweut)  [(-HS
uiseq Janly a|I\ ual
UeunIyApy 199ms
d d d 1 1 1 1 1 1 d d YINOWA[J ‘TOARY JuBdROSNIRWNYS 0] AIInqLi], paweuu) 720 TX
UeunIg A
d d d d d d | 1 | d d ‘jeang wINqny 0oIg MOPEIJN 0} AIBINQLL, paweuu() 10-IX
191eMa3pLIg 1SOM 1991S
d d I I I I I I I I I URISAI) OOIg MOPEAN ISIA OF AIeINqU, pawreuu)  70-LM
191eMma3pLg
d d d d d d I d d d I 159\ 199N§ Sundg YooIg MO[[IAN 0) AIRINqUY, PSWeUU)  T0-LM
d d d d d d I d d d d UOJUNE], J021)S 9qR[D) “IOARY JosueSa1FoS  $0-VL
uojune], Joans ued(
d d d d d d I d d d d /b OIMOY 011§ “IOARY UOIUNE], 0) ATEINQLLL, POWEUU)  Z0-VL
uoreys
d d d d I I I d d I d ‘QALI(] dISE)) ‘PuOd FuO SAUWY 0} AreInqui], paweuuny  [0-[S
panuiuoj—uiseq Janly uoune|
panunuo)—uoifiay uisise]
smejs
08 o8 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfas aiydesf uonenba uoIe90| pue aweu a)s-wWeans
snoinald  pasinay -odo}  pasinay PanIasqo uonels
(uoneinp mojy Juaaiad je snjels) SIVISINYILLS sosn

[soqruu arenbs ¢ 1w {AoAIng [80130[090) S ‘SHSN SIAqUUNU “ON "000 ‘ZSALL] pue sory :SILVLSINVAILS utodino Anjiqeqoid
-8€°0 YIM (Z007) PIOYYDIIY pue juag :snje)s uonenba sno1adad ‘700z ‘07 19quadd(J UOISIAY :SNJE)S SUONBNSAL PIsIARY Jutodind Ajiqeqoid-9g-() uo paseq :snjejs uonenba pasiady -o1s wreans je AJ[eru
-uarad Surmory wreans Jo Ajiqeqoid 10§ S[RAINUI dOUIPIFUOD JUdd1dd-G6 :syruuf Joddn pue 19mo] ‘uone)s SurFe3-mo[Juedns Xopul AGIBIU J& MO[JWBAI)S I0] AN[BA UONRIND-MO]J [enbd 0) pawnssy :uope.Inp

MO[J PAJRWNSF "SPUOIIS PUE ‘SINUIW ‘SIVIFIP U] :9pNIISUO] PuL IpMNe T ¢ 2INSIJ U0 UMOYS JUNIULIIUI SB PIAISSGO SIS WRALS PUL ‘7 2INTIJ Ul UMOYS [IUUAIAd SB PIAIISQO $I)IS WRANS :*0N uonels|

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqolad syl Bunewnsa Joy uoienba uoissalbial a11s160] ays jo Juawdojansp ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|p ul Ao 1o umo) pue ‘uiseq JaAll Jofew ‘uoibal Aq saus wealls palisiA-plaly 10 UOIBWIOUI J3Y10 pue uonduasaq g ajqel



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

12

wemesy

66’ 16 L6 16l 99°¢9 89’ 06 100C-8C-8 €10V TL LECOTY ‘QuE IYBWIAOYS Y0OIq O[Iyd O} ATeInquU, pawreuun)  g0-Av
UMOLI_YI[g ‘peoy

¥6° 08’ 38 €L'88 wel 6v'1 S6 100C-20-8 I¥ LTTL 9¢0CT Ty Istequry IO ‘dwemg eouaime o) Kreinquy, paweuun  [0-SV

uiseg JaAlY IN91398UU0Y

weyeiqip ‘proy

99° or 123 0,08 e 0T 68 100C-¢0-8 ¥S€CTL €V 80T [ITH dUeI) YOOI J[IA SAJOM], 0) ATeINqLIL, paweuun)  [0-fX

86 88" S6’ L¥'98 90°¢1 8CT'¢ 68 100C-¢0-8 LI9ICL Svoltcy QIEA\ ‘prOY sSurmn Yoorg e[l 70-HM
AT .UMOM

08’ 19 |75 S9'L8 SL'8 8t 68 100C-20-8 9¢8ICL ¥091 Ty oyiduny, UOSUOIA ‘ayeT JoArag 0) Areinquiy, pawreuun  [0-HM

00T S6° 86’ 10°€L 99°C1 18°8 08 100C-L1-8 LT 0O0CTL TSSITY 1oouadg ‘proy Kou00)) “IARY Q[IUIUARS  [0-MS

Y6’ 08 68 €r'eo 00 ¥0'C S6 100C-€0-8 ¥S€CTTL ¥y STTh Kmgseinyg ‘zOg Moy aelg Noolg uoudPy  [0-0S
uoixed

9 LE 1< 9L’L8 00 < g6 100C-6C-8 €£9S 1L 1€ LI Ty 9921 [[BYSIBJA TIOAIdSOY UdPSNG 0} Areinquy, poweuun)  [0-gd
Joulred

L6 98’ €6 9%'69 99°9¢ w01 68 100C-20-8 TV LITL S¥80CTK 20218 yoruwdiN “10Ary Seoqeng) 03 Aeanquy, pawreuu)  [0-Vd
weyye

LS 8T w LELO 0 (4 08 1002-L1-8 6% 10CL 900cC ¢y ‘peoy 10ouadg “IOATY S[IWAAL] 0} ATeINqUI, poweuuf)  ¢0-3O0

86 06’ 96’ 8L°0L 86'GC or'e 08 100C-L1-8 T0cCO<CL 0TO0CcTh WepeQ ‘proy 10ouads TOATRY A[IWAAL]  70-MO
weyyeQ

06 oL 78 8S YL (41! L 08 100C-L1-8 91 ¥0CL ¢€€1TTh ‘prOY SWepy Yoolg molmg o) ArenqrLif, paweutn)  [0-NO

L6 LY v6 65798 81°C 6¢°¢ €8 1002-€0-8 €00TCTL €V 8TTh wojeg MON ‘Peoy [[ossny ooig doH  [0-IN
UOSUOJN

06’ I 43 LO'6Y LY0¢ 8T 88 100C-10-8 ¥¥81CL LTSOTY 001§ ssifg ool 9adooty) o) Arenquiy, poweuun  $0-yIA
Jo1mpIey

€8’ €9 vL 12°89 00’ 6¢ 88 100T-L1-8 SITITL T06ICTH ‘VTEAMNOY d4e)S “Yoorg yogue( 0} Arenquiy, paweuuny  [0-HH
preyjoorg

L90  S€°0 15°0 SL'S9 000 €10 76 1002-20-8 60S0CL LTEICTY 10211S UIBIA| ISOA\ YOOI uun(g o) Areynquif, poweuu)  z0-Ld

panunuoj—uiseq Janly aadoaiy)
panunuon—uoibay uis)sap
Ajjeruuasad  (Juaaiad) m___”“‘.__w& - (Juaosad)
ywiy  yuwn  Buimoly weans  puej " P (zltt) uoneinp  panIasqo wio wio 'ON
|oneah eale uo1e90| PpuE dWeu 3}Is-weails
1addn 1amo7 jo Anjiqeqoad  3sasoy mojjpajewn  ajeq  apnubuol apmmne] uonejs
pue pues afeuleiq
pajewnsy jo ealy 0 sary -ns3

[soqrur arenbs ¢, rur iAoAIng [e2130[090) "S N ‘SO HRQUINU “ON "000T ‘ZSALI] Pue sary :SIVLSINVAYLS “utodind Aipiqeqoid
-8€°0 YMM (Z00T) PIOUYSIY pue Juag :snjejs uonenba snoidid 'z00g ‘07 10quiaod(J UOISIAQY :SNJB)s Suonensal pasiady] Jutodino Aijiqeqoid-9¢ () uo pased :snjejs uonenba pasiady o1rs weans je A[eru
-uared Suimory weans jo Aiqeqoid J0J S[eAIIUI 20UIPLU0D Ju1d-G6 syuu] Jaddn pue 19mM07] "uone)s SuIeS-Mo[Jueans Xapul AGIeau Je MO[JWeans I0J dn[eA uoneInp-molj [enba o) pawnssy :uoneanp

AO[J PIJRWIISH "SPUOIAS PUE ‘SANUIW ‘SOAIZIP U] :dPNIISUO] pUe IpmNe’] ‘¢ AINT1 U0 UMOYS JUINIWLINUI SB PIAIISQO SOIIS WEANS PUR ‘7 dINSIJ Ul UMOYS [eIuudIod Se PIAISISqO SIS WednS *ON uone)s|

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqolad syl Bunewnsa Joy uoienba uoissalbial a11s160] ays jo Juawdojansp ul pasn ‘100g
Jaquaydag Ajdea ybnoayy Ainp a1e| ‘spasnyaesse|p ul Ao 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq sas wealls palisIA-plaly 10} UOIBWIOUI J8YI0 pue uonduasa(

‘8 9|qeL



3

Table 8

wemedy
d d d d d d I d d d d ‘oue JOYEWAOYS “Y0oIq O[Iyd 0} AXenqu, poweuu)  70-4V
UMOMIYI[RY ‘peoy
d d d d d d I d d d d Istequry pIO ‘duremg eouaime] o) Areinquy, poweuun  [0-SV
uiseg JaAlY INa1}I8UL0Y
weyeIqIm ‘proy
d d d d d 1 I 1 1 I d [[TH QUEID) YOOI AIA A[OM], 0} ATeInqri], pawreuu ) 10-[X
d d d d d d d d d d d areA\ ‘peoy sSuruwny YooIg L 70-HM
AIBA\ ‘PROY
d d d d d I 1 d d d 1 oyiduIny, UOSUoOJA ‘OyeT JoArag 0) AIeInqui], paweuun  [0-dM
d d d d d d d d d d d Toouadg ‘peoy Aouo0D) TOARY O[IUAARS  [0-MS
d d d d d d I d d d d Kmgsamyg ‘zog Anoy Aelg yoorg uoreyly  [0-0S
uoixed
d d d d d 1 1 d d I d ‘1001 [BYSILIN “TIOAISOY UapSng o) Arenquiy, paureuup) 10-dd
Joued
d d d d d d I d I d d 19008 YorwudiN “IPARY SeoqenQ) 0) ARINQLLL, pAWeUUN  10-Vd
weyye)
d d d d d 1 I 1 1 I 1 ‘peoy 100uadg “JOATY O[IWLAL] 0) AIeInquU], paureuun)  ¢0-M0
d d d d d d I d d d d weygyeQ ‘peoy 100uddg TOARY A[ILAL]  70-MO
WeyEQ
d d d d d I I d d d d ‘proy Swepy yoorg moung o} Areinquy, paweuuny  [0-MO
d d d d d d d d d d d woa[eS MIN ‘Peoy [[ossny Nooig doH  [0-IN
UOSUOIA
d d d d d I I d d d d 10018 ssi[g oorg eedoory) o) Arenqriy, poweutn) 40~y
JormpIey
d d d d d I I I I d d VTE Moy dJeg Yoorg Yuojue( 0} Aemnqu paweuu)  [0-HH
proyjoorg
d d d d I I I I I I I 10018 UIBA IS9M Yoolg uun( o} Arenquiy paweuun)  z0-Ld
panuiuoj—uiseg Janly aadoaiy)
panunuon)—uoibay uis)sap
smejs
08 G8 06 56 86 66 snje)s smejs dew smejs smers oN
uonenba suonenfias aiydesb uonenba uoIe90| pue aweu A)s-weans
m:m_z:n_ pasinay -odoy  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad Je snjejs) SIVISINYIYLS sosn

[soqruu arenbs ¢ 1w iAoAIng [B0130[090) S ‘SHSN LIqUINU “ON "000T ‘ZSALI pPue sary :SLVLSINVAULS utodino Aijiqeqoid

-8€°0 YMm (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Jurmory weans Jo Ajiqeqoid 10§ S[BAINUIL dOUIPIFU0D JUdd1d-G6 :syruuf 1oddn pue 19mo] ‘uonels Jurde3-mo[Juwedns Xopul AGIedU J& MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJRWST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9pNIISUO] PuL IpMNe T "¢ 2INS1J U0 UMOYS JUSNIULIDIUI SB PIAIISQO SIS WRALS PUB ‘Z 2INFI Ul UMOYS [RIUUAIAd SB PIAIISQO $I)IS WRANS 0N uonels|

panunuo)—:spasnyaesse ul Ajjeluuasad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 18ylo pue uoiduasag

‘8 9lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

14

66 6’ 86° LY 9L 16°9¢ 9¢°¢ L6 100C-01-8 Sl I¥TL 6081 Ty uojdureyioN ‘peoy uoydweysap yoorg esseqg  10-4N
98’ oL 08’ IvvL 8¢V 65" 16 100C-01-8 1€ LCTL vETY Ty PIOYYMON ‘PeOY [[2mp[e) Noolq wonog  70-¢N
€6 18 68’ Y6'CL 00'CC 6’ 6 1002-01-8 9¢8CTL SECLETY PIOYYHON ‘PrOY SSOID oorg MOPBIN duld  [0-TN
INZeIUOA ‘prOY
68" 9 6L €E€9L 8LC9 Ie 96 [00C-60-8 €T EECL 90 1€y DISMOIBIWS “ISARY INO1OAUU0D) 0} AIeInqui], pawreuu)  Z0-SIN
L6 98" €6 0L'S8 STol 1€¢ 88 100C-10-8 LS ICTL TV e0Ty UOSUOJA ‘Proy Joyseiy], uap[y “Yoorg o[dwl,  ¢0-4IN
PIPEH
00T S6 66 90°cy €L°66 01'c L6 1002-01-8 SI19¢TL €IvCy ‘peoy [[TH UIUOI)) ‘puod Jedrn) o} Areinquy, paweuun)  [0-MH
00T 96 66 S1'9v w6 8I°L 88 100C-10-8 10€CTL vV 0Ty uspdwey ‘peoy 99pun-e-3yo0y ATy onueds  70-AH
uspdwey ‘peoy
6L 9¢” 89" ¥9°L6 L°0C LY 88 100C-10-8 6C€CTL 8¥ €0y UOSUOJN (INOS “ISARY d1ULdG Jo Arenqui], poweuu)  [0-AH
Ko[peH
00’ S6 66 06'¥C 89°C6 LYl L6 100C-01-8 60ScCTL LTICCTY ‘QATI(] JOARY TOATY IMOTOSUUOY) 0} ATeInqui], poweuu)  ¢0-VH
66 6’ 86° 19°Sy 66'LE ST 66 100C-8¢-8 9¥0¢cTL LTEI TV Aqueip 9eang Iseq Yoorg AppnjN  10-3D
mopeow3uo Iseq
86° 06 96 8¢€9¢ C6'Ee LS'1 06 [00C-10-8 LT 6CCL LOECOCY ‘peoy s1oWoS “Yoord Ineydjepy o} Arenqriy, psweuun)  $0-14
mopeawsuo
98" LY 8L 60'89 88'8¢ (43 06 100C-8¢-8 V0 1€ CL LCTOTY ised ‘peoy dsedd ‘AT JUSDSAI)) 0 Areinqriy, paweuu) 7019
66 6’ 86° G1'8¢C 86°61 L1 06 1002-82-8 ST 1€TL SIH0TH MOPBIWSUOT ISeH OnUIAY dpeysd[de]y Yoorg o1snoddd  [10-19
uoydweyjseq
6 8 16’ 9SS 9¢°¢T 6L L6 [00C-01-8 LS 8ECL 60LICY ‘yoong ddeD 10Ary ueyuey 03 Arenquif, paweuu)  O]-HA
66 8 S6’ 98 00°001 €T 66 100C-8¢-8 vIveTL SCIlTy QAL Souwre( ‘oYe] UIRIUNOJA 0} AIeInqLi], pawreuun)  [0-IND
86° 88" g6’ SY'L8 86 81'¢ L6 1002-60-8 9¢€0¢CL o6l 0V Th UoISpIRUIdg ‘([ N0y LIS Yooig A1 €0-Vd
uojspreurog
86° 88" S6° LS6S w's9 L6 L6 100C-60-8 ¥V CETL LEOGETY ‘peOY IOARY “IOATY [[B] 0} Arejnquy psweuu)  70-vVd
L6 LY 76 6€°18 S8'Y 99°C L6 [100C-60-8 ¢S E€ECL 9l vy uojspreutog ‘g Anoy 9els yooig yono)  10-vd
ISIUUIY ‘9T |
66 6 L6 7S 91 98°S9 oL L6 1002-01-8 ST IETL 610TTH QMO 91BIS/I0IS ISOA “IOATY 10,] 03 AIepnqri], pawreuu) 101V
wemedy
860 680 S6°0 8S0Y STES 780 86 100C-8C-8 0SS I¥CL SSE0Th ‘}o01S OIMYINOS “ooId (IS 03 Arenqui] paweuun  ¢0-4V
panunuo)—uiseq JaAlY IN91393uUU07)
panunuon—uoibay uis)sap
Ajjeruuasad  (Juaaiad) m___“”ﬂ& - (Juaosad)
TTT yuwi  Buimopy weans pue| " P (W) uoneinp  paniasqo o o ‘ON
|anesb eale uoleIo| pue aweu ajis-weans
1addp 1amoq  jo Aujiqeqoud 1910} ue pues  obeures MO[} pajew ajeq apnubuo] apmmneq uonels
pajewns] jo eaay _”S m_“:< 1ea -ns3

[soqru arenbs ¢ 1w {AoAIng [2130[090) *S'N) ‘SOS HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Aiiqeqoid
-8€°0 I (Z00Z) PIPYYDIY pue Juag :smyejs uonenbs snoirdad 700z ‘¢ 12quiada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g-() uo paseq :snjejs uonenba pasiaay -ais weans 1e A[eru
-uarad Surmory weans jo Ajiqeqold 10 s[eAIa)UT 90UAPUOD 1udd13d-G6 :syru] Jdddn pue 1m0 ‘uonels Surses-Mo[Jweans Xopul AGIeaU J8 MO[JWeans 10 dn[eA UONRINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIIS PUE ‘SINUI ‘SIAIFIP U] :DPNJIFUO] PUL IpMNe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 2INT1Y UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *ON uone)s]

panunuo)—:spasnyaessel ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palsIA-plaly 1o} uoew.Iojul 1aylo pue uoiduasag

‘8 2lqeL



15

Table 8

d d d d d d d d d d d uoydureyioN ‘peoy uojdweyisom yoorg 1esseqg  [0-IN
d d d d d d I d d d d PISUYHON ‘Proy [[PMP[e) ool wonog  Z0-IN
d d d d d d d d d d I PIOYYMON ‘PrOY SSOI) 0oOoIg MOPEAN duld  [0-IN
an3eIuo ‘proy
d d d d d d I I I d I DYSMOIRILG “JOATY JNO1AUUOY) 0} ATRINqQU, poweuu)  Z0-SIN
d d d d d d I d d d d UOSUOJN ‘Proy Joysely ], uoply “Yoorg o[dwor,  ¢0-vIN
PIeIEH
d d d d d d I d d d d ‘prOY [[1H UIUOI) ‘puod 18I 0} Areinquy, paweuu)  [0-3H
d d d d d d d d d d d uopdurel ‘peoy| 2pun(-e-yo0y AR oNueds  70-AH
uopdweH ‘peoy
d d d d d d I d d d d UOSUOJA] [INOS “JIOARY d1ueds jo Arenqrif, paweuun)  [0-dH
Ko1peH
d d d d d d I d d d d DAL JOARY IOARY IN0OSULOD) 03 AIeIngLi], paweuun)  €0-VH
d d d d d d I d d d d Aquein 1eang Iseq Yooid AppnA  10-3D
MOpeaW3uoT Iseq
d d d d d d I d d d d ‘peOY SISWOS YooIq Sneydiep o) Aremnqu, poureuu) 0~ Td
MOpBaWSU0T
d d d d d d I d d d d Isey ‘proy AsBJ BT JUADSAID) 0} ATRINqU], paweuu) 014
d d d d d d 1 d d d d MOpPBIWSUOT ISBH ‘OnuoAy apeysd[dejy Jooig o1snoooq 10- 19
uoydweyjseqg
d d d d d d I d I d d 001§ dder) “19Ary ueyuepy 0) AIRINqQU, pawreuun  O[-HA
sodooryD
d d d d d d 1 1 I d d ‘AL Sodwe( ‘OyeT] UIRIUNOJN 0} AxengrLi], paweuun)  [0-ND
d d d d d d d d d d I uoysprewIdg ‘0 N0y Aeis yoorg K1 €0-vVd
uojspreurag
d d d d d d I d d d d ‘PrOy JOARY IOANY [[B4 03 AreInqriy paweuun)  Z0-Vd
d d d d d d d d d d d UoIspIeuIag ‘g IN0Y IS Joorg yonod  [0-vd
ISIYWY ‘911
d d d d d d I d d d d AIN0Y ALIG/AMS ISOM IOARY MO 03 AreInquiy, paweuun)  [O]V
wemesy
d d d d d d I d d d d 10011§ YIMYINOG YooIg [[US 01 AmInqu, pawreuun)  ¢0-AV
panuiuoj—uiseq JaAly IN91398UU0Y
panunuon)—uoibay uis)sap
smejs
08 58 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias aiydesf uonenba uoI}e90| pue dweu as-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIULS sosn

[soqru arenbs 1w {AoAIng (80130090 *S') ‘SHSN {IqUINU “ON "000T ‘ZSL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIM (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[PAIUIL OUIPIFU0D JUdd1d-G6 :syruu] 1dddn pue 19mo] ‘uone)s Jurde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UONRINP-MO[J [enbd 0) pawnssy :uoye.Inp
MO[J PAJRWST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9pNIISUO] PUL IpMNE T "¢ 2INS1J U0 UMOYS JUSIIULIDIUI SB PIAIISQO SIS WRALS PUB ‘Z AINTI Ul UMOYS [RIUUAIAd SB PIAIISQO $I)IS WRANS 0N uonels|

panunuo)—:spasnyaessel ul Ajjeluuasad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘,00g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|) ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.loul 1aylo pue uonduasag

‘8 9lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

16

16’ L 78 968 9T 171 06 1002-60-8 SCIvTL 6S 1Y v UIeI[0)) ‘Peoy A[[IASWEPY NOOIg JUdUIA  [(0-SD
juowdrrey)
YL €S 9’ L9883 LY or 06 100C-60-8 80TSTL 618¢TY ‘Y8 N0y 2el§ Yoolq [[IA 0) AreInquy, paureuu)  ¢0-dD
96’ S (4 0206 9L w97 06 100C-60-8 87 €STL LOBETK Juowd[Iey) Proy [[IH 2IeST Yooid [[IH e3eT  [0-HD
96’ 78 (4 ¥S°16 €0’ 6LC L6 100T-60-8 SI¥ECL €ELo6ETH uoIspreulaq ‘peoy [felL, USpH NooIg AN $0-Vd
19 e Ly 8616 00 1T L6 100C-1C-8 ST8YCL LTIETY PIRYYSY ‘TIT Moy Aei§ oord Awear)  70-NV
uiseq Janly plaiiasag
6L 09 oL 99°88 S6'v 0s’ 86  100T-TT8 €ESPTL SISTT Smqsurerip ‘peoy UYson PIO NooIg SIOYIIN  TO-X
Sanqswerim
L €S ¥9° S1¢es 6v'v €¢ L6 100C-01-8 VICThIL OV TTCTh 12218 ploLeH ‘puodiIiA sseiq o) Arenqriy, paweuun)  [0-X
00T 96 66’ €0'IS 8519 8Ly 88 100C-10-8 9¢€ LTTL 8ISOCTY WeyeIqIAy ‘peoy [[1H AUOlS “IAY [[UA YdUBIg YInoS  €0-[X
weyeIqrrm
L6 oL 6 ¥$91 00001 I 68  100C-T0-8 ¥SSTTL +S80TH ‘peOy Puod ‘puod JIWAUIN 0} AXeInqL, poweuun)  z0-rX
A[orey A\ “prOY SIQSWRIIIMN
w6 sL g8 00001 88°CI or'1 76 100C-01-8 C¢I¥TL T09TTY ‘110A1950Y uolduweylIoN 0) AreInqu, paweuu)  [O-HX
uoydureyysop
S6’ 43 06 11°06 wee 091 L6 100T-01-8 6T9YCL 9ILITY ‘PeOY YINog Yoolg Wopog 01 Arenqgu, paweuu)  g0-XM
uoydwreyisop
I8 09 5 c1'86 €8’ I L6 100C-01-8 0¢€9vCL OI 8l ch ‘prOY YINoS ooIg wopos o) Arenquiy, poweuu)  [0-XM
PIPIISOM
06 L €8 S0'¥9 80°S¢ w S6 100C-01-8 0ESYTL 91 11Ty ‘Peoy YLON “Yoorgq preiyoLrg 01 Alnguy, poweuu)  70-AM
66’ 88 96’ 61°S1 €598 s¢ 06 100C-82-8 €SCETL 0€v0Th peysuLidg “0ang Auejiy, “Yoorg o[Sul( Anug  [0-XS
L6 vL 16’ 16'¢ 8976 I 66 100C-8C-8 TOSECL TOVITH Ad[peH yinos ‘91 enoy ayers yoorg Aoung  [0-NS
(43 6L LY S1°59 w661 69’ 66 100C-8C-8 6€TvTL €TElTY uoydweyinog jeeng juesea[d yooig ofdduy,  [0-4S
wey[ed
6T SO cr 00°001 00’ 70’ S6 1002-€0-8 ¥E€+¥TTL SO+T Ty ‘peoy Amgsonys Sjooiq isAyjoury o) Arenquip paweuun)  70-Ad
wey[ad ‘peoy
90 8¢0 (40 17766 819 8T0 6 100T-€0-8 SSSTTL 9€€TTH AaeA yroN “Yooiq 1sAyjewry 0y Aremnquiy, paweuuny  [0-Ad
panunuoj—uiseg Janly N01398uUU0)
panunuon—uoibay uis)sap
Ajjeruuasad  (Juaaiad) m___“”ﬂ& - (Juaosad)
yunp  yunp  Buimopy weans  puej " P (z1tt) uoneinp  pPanIasqo wio wio 'ON
|aneah eale uo01JeI0| pUE dWeu 3}Is-weails
1addn 1amoq jo Anjiqeqosd  3sasoy uepues  ofeuieaq VOB PAlRW  3leg apnybuoy apmneq uonels
pajewnsy jo ealry _.,S m_“.._< 1e1a -ns3

[soqrur arenbs ¢ 1w (AoAIng [0130[090) *S°N) ‘SOS HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Lpiqeqoid
-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -ais weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 S[eAISIUT 90UAPUOD Jud213d-G6 :syrun] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeau Je MO[JWeans 10 dN[eA UONERINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] PUL IpMNe] ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUR ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



mn

Table 8

d d d d d d d d d d d UreI[o)) ‘peoy I[[IASWEPY OOIg WUAUIA  [0-SD
juowidfIey )
d d d d d I I I I d d V8 9oy 2elg Moorg [[IA 01 Areinquiy, powreuun)  z0-40
d d d d d d d d d d d JuowdIey ) Peoy [[1H 1e5aT Yooid [[iH e3oT  [0-H0
d d d d d d I d d d d uojspIeutog ‘Peoy [IeL] UopH NOoIg [N #0-Vd
d d d d d I I I I I I PIPYYSY ‘TTT 9oy dels Noorg Apwear) — 0-NV
uiseg Janly p|aipasQg
d d d d d d I d d d I SIQSWEI[[IA ‘PEOY UAYSOD) PIO N0OIq S[OYIIN  T0-IX
Smqswerim
d d d d d I I d d d d ‘1021 playIeH ‘puodiiy sserg o) Areinquiy, pawreuun)  [0-MX
d d d d d d d d d d d WeyeIq[IAy ‘peoy [[1H AUOIS “TPARY [[IA YoUuBIg YInos  £0-[X
WereIqIIAL
d d d d d I I d d d d ‘prOY puOd ‘puod [rwauiN o) Arenguiy, pawreuun)  g0-[X
A1orey M ‘prOy Smqswerim
d d d d d d d d d d d ‘I10A195Y uojduwepIoN 0) Areinqu, powreuun)  [0-HX
uoydweyysopy
d d d d d d d d d d d “UNOM ymos “MOO.Hm wopos 03 \Csse.ﬂﬁ patueuun) 70-XM
uoydweysop
d d d d d d I d I d d ‘PrOY YINOG NooIg Wopog 0) AlLINGU, powreut)  [0-XM
PloLIsom
d d d d d d I I I d d ‘peoy YLON “oolq preAyoLg o) ATeIngLif, paweuun)  g0-AM
d d d d d d I d d d d preysundg ‘10ong Auegif, “Yyoorg o[Sulq Anug  [0-XS
d d d d d I I I I d d AS[peH mnog ‘91 | AInoy aelg Yoorg Arenng  [0-NS
d d d d d d I d d d I uoydwreyinog eang Juesed|d yoorg o[dduy,  10-¥S
wey[ed ‘proy
d I I I I I I I I I I Kmgsainyg “yoorg 1skypawry o) Kreinquiy, paweuun  g0-Ad
wey[ed ‘peoy
d d d d d I I I I I I Aa1eA tpIoN “Yoorg IsApewry o) Aremnquif, pawreuuny  [0-dd
panuiuo)—uiseg JaAlY INJ1398UU0Y)
panunuon)—uoibay uis)sap
snje)s
08 58 06 56 86 g6 Smeis  smes  dew - smes oN
uonenba suonenfias oaiydesb uonenba uoI}ed0| pue aweu As-weans
SNoIN3ld  pasinay -odo)  pasinay Pon1asqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIULS sosn

[soqru arenbs 1w {AoAIng [80130[090) S ‘SHSN {IqUINU “ON "000T ‘ZSAL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIM (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIUI OUIPIFU0D JUdd1d-G6 :syruu] 1dddn pue 19mo] ‘uonels Surde3-mo[Juwedns Xopul AGIBdU Je MO[JWEBAI)S I0] dN[BA UONRINP-MmO[J [enbd 0) pawnssy :uone.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9PNIISUO] PuL IpMNE T "¢ 2INSIJ U0 UMOYS JUSIIULIDIUI SB PIAIISQO SIS WRALS PUB ‘Z 2INTIJ Ul UMOYS [RIUUAIAd Sk PIAIISQO $I)IS WRANS 0N uonels|

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.oul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

18

pueqoL
1S 1T 143 00001 00 ST L6 100C+¥C-8 TE€10€L 10S0Ch ‘LG Moy 2eIg Yoorg I0[Ae], 01 Arenqriy, paureuu)  [Q-d.L
Y6 6L 68’ $6'96 8¢ SI'C L6 100C-¥C-8 €S €0¢L 0S€0TY PIRYSIPUES ‘g N0y ayers Yoorg dioyy,  10-OS
w6 aL S 98°¢6 99’ 67’1 L6 100C+¥C-8 1€¥0€L €160Ch snQ ‘peoy Suudg p[o) YooIq U $0-LO
oL 9¢° LY 0¥°06 00 Ly L6 100C-¥C-8 01CO€EL ¥IOICTH S1Q ‘Proy I MOAIdSAY S1Q 01 AreInquiy, paweuun  ¢0-10
LY [44 ¢ 0S°L8 00 9T L6 100C-¥¢-8 vSI10¢€L SICICh STQ ‘PrOY QULS[Y ‘puod Sig 01 Areinquy, powreuu)  Z0-LO
€6’ 6L 88" 8L°68 00 L9°] L6 1002-vC-8 TILOEL 9T IITH SO ‘Proy puod d[dedads reddn “oorg puod dpoeiveds  10-LO
66 €6’ 86° $6'88 9T ol L6 100C-¥C-8 €18SCTL Tr¥0TY QI[IAURID “LC 9INOY RIS “IOARY PIeqqnH  SO-1D
J[1AuRID)
78 99 oL 0T’L8 00 89 L6 100C+¥C-8 S 9STL LEVOTY ‘LG @Oy ArIS YooIg puod 01 Aremquiy, paweuuny  $0-10
J[[TAURID)
9 I¢ 9 6¥'SL 00’ 48 L6 100C-vT-8 919STL LEVOTY ‘LS @Oy A1rIS YooIg puod 01 Aremquiy, paweuuy  g0-I0
S6’ €8 16 €168 ¥9°C 61T L6 100C-¥C-8 Se¥STL TSHOTY O[[IAUBID) /G ANOY AABIS NooId Kd[[eA  [0-TD
plojpuerq
78 sy oL 9916 00 I8 L6 100C-+2-8 LI TOEL 1€80TH ‘PEOY ASNOY[OOYIS “IOAIdSIY SUQ O) ATRINqLL], pawreuun)  §O-He
06 sL 78 LL'6L 00 Y6 S6 100C-CC-8 00LO€EL TS9TCTH 10009 ‘peoy quinid Yooig duky,  [0-€V
uiseg Janly uoibuiwie
LY L 08 °S8L 00 oL 06 1002-60-8 1£SSTL OV 0¥ ch M0y ‘proy Ie0Z oord I0[ABL  10-O
JeaH ‘peoy
I8 €9 €L 17°C8 09°CC I 06 1002608 LT ISTL LTEY TP QUIN IoquInN “YOoIg youelg 1sopy 0) AreInquiy, pawreuun)  ¢0-NH
19 0¢ St 98'LL 00° 148 06 1002-60-8 SO0STL €06€TY [eoH ‘proy YInos “ooId SHIA  [0-NH
88" L I8 £€9°0L 8y 65" 96 1002-60-8 6CLETL ¥0OSETY PIOYULID) ‘PROY SUIGQOY ool peawls  70-ND
L6 123 €6’ rrey 8CIL 144 96 1002-60-8 €1 LETL TSSETY PIRYUSAID ‘prOY UIRI[0]) Hoolg SUY  [0-ND
66’ 16 L6 ST68 00’ 819 88 100C-1C-8 6V 10 €L 8S 6E£Th EPLIOL] ‘PeOY AJUNo) YOS AR Plo)  10-NA
ureljop) h_umovm d[IAstuepy
vP’0  ¥I°0 970 €T'L6 00° 600 06 1002-60-8 LI €FTL 0S6€TY “IOATY YHON] YOUBIg ISOA 0} Arenqui], poweutn)  70-SO
panunuoj—uiseq Janly p|aiasg
panunuon—uoibay uis)sap
Ajjeruuasad  (yuaaiad) m”__“”“ﬂ& (Juaasad)
yuwnp  yuny Buimop weans  puej : P (e1tt) uoneinp  pPamIasqo wio wio 'ON
|aneah eaile uo1JeI0| puUE dWeu 3}Is-weails
1addn 1amoq jo Anjiqeqosd  3sasoy pue pues  abeureig mojjpajew  ajeq  apnubuol apmmne] uonels
pajewnsy jo ealy 0 eary : -ns3

[soqru arenbs ¢ 1w {AaAIng [2130[090) *S'N) ‘SO HRQUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Aiiqeqoid
-8€°0 I (Z00T) PIPYYDIY pue Juag :smyejs uonenbs snoirdad 700z ‘¢ 1oquiada(] UOISTAYY :SNJE)S SUonRSar pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -a1s weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 s[eAIaIUT 90UAPUOD 1ud213d-G6 :syru] Jaddn pue 1m0 ‘uonels Surses-Mo[Juweans Xopul AGIeaU J& MO[JWEans 10 dn[eA UONeINp-MO[J [enbd 0] pawnssy :uoneInp

MO[J PAJBUWINSF "SPUOIS PUE ‘SINUI ‘SIAIFIP U] :DPNJIFUO] puL IpMNe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 2INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palsIA-plaly 1o} uoew.Iojul 1aylo pue uoiduasag

‘8 2lqeL



19

Table 8

puejor,
d d d d I I I I I d d ‘LS 2oy djelg Yooug I0]Ae] 0} Areynquiy pawreuu)  [0-dL
d d d d d d d d d d d pleysipues ‘g anoy aer§ yoorg dioyy,  10-0S
d d d d d d I d d d d snQ ‘peoy Suuds pjo) yoorg WUIN  $0-LO
d d d d d I I d d d d SIQ ‘Peoy NI “MOAISIY SO 0} AIeINqLL], pawreuun)  ¢0-LO
d d d d I I I d d I I STQ ‘peOY SLSY Puod Sg 0 Areinqu, peweuun)  Z0-LO
d d d d d d I d d d d s1Q ‘Peoy puod d[oe1dads reddp “yoorg puod dpeioads 010
d d d d d d d d d d d O[IIAUBID) /G ANOY LIS IARY PIBqqNH  GO-1D
J[[IAURID)
d d d d d I I d d d d ‘LS oy 21el§ YooIg puod o) Areinquiy, paweuun  $0-10
J[[TAURID)
d d d I I I I I I I I ‘LS 2oy aeI§ Yoorg puod o) Arenqriy, pauwreuun)  g0-1D
d d d d d d d d d d d Q[[IAULID) ‘LG ANOY ABIS NooId A[[EA [0 1D
plojpue[g
d d d d d I I d d d d ‘PrOY ASNOY[00YDS TOAILSIY SUQ 03 Aenqu, pawreuu)  GO-H4
d d d d d d I d I d d 10300 ‘peoy quinid YooIg UKL [0-¢V
uiseg Janly uolbuiwiey
d d d d d d I d I d d 2MOY ‘peOY Ie0Z Yooiq 10[AeL,  [0-OY
peoy
d d d d d d I I I d d QUIN IoquInN “YooIg youelg 1sopy 0) AreingrLif, pawreuun)  Z0-NH
d d d d I I I I I I I e ‘peoy ynog ooId s - [0-NH
d d d d d d I d d d I PO UDAID) ‘PEOY SUIQQOY YOOI peawls  70-ND
d d d d d d I d d d d PO UL ‘PEOY UIRI[0)) “§OOIg SWIY  [(-ND
d d d d d d d d d d d epLIOL ‘peoy AJUN0) YINog “10ARY PI0D  [0-Nd
urelop) ﬁﬁmoam Q[IAstuepY
d d d d I I I d d I I “IOAIY YHON Youelg 1SOM 01 Arenqgrif, poweuun)  70-SO
panunuo)—uiseg JaAly p|aiaaq
panunuon)—uoibay uis)sap
snje)s
08 58 06 56 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias oaiydesb uonenba uoI}ed0| pue aweu As-weans
SNoIN3ld  pasinay -odo)  pasinay Pon1asqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIULS sosn

[soqru arenbs 1w {AoAIng [80130[090) S ‘SHSN {IqUINU “ON "000T ‘ZSL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIM (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10J S[BAIAUIL dOUIPIFU0D JUdd1d-G6 :spruul] 1dddn pue 19m0] ‘uonels Jurde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uoye.Inp
MO[J PAJBWIST "SPUOIIS PUE ‘SINUI ‘SIAIFIP U] :9PNIISUO] UL IpMNE T ¢ 2INS1J U0 UMOYS JUSIIULIDIUI SB PIAIISQO SIS WRALS PUB ‘Z dINTI Ul UMOYS [RIUUAIAd SB PIAIISQO $I)IS WRANS 0N uonels|

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|) ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.loul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

80

66 76’ 86 £7'08 [AN0) (SO 96 100C-€2-8 8SEI €L SPTOTy  USnOIOQUEIN MON ‘PEOY S[[Ed [[2qdure)) “IeAry Suniym  ¢0-3IN
ySnoroqieN

oL o’ 8¢ 01°S6 06C g 96 1002-€2-8 TEEIEL LSHO T MAN ‘PeOy N[OJION ‘Puod uowlreH o) Areinqrif, paweuun)  [0-3N
uoISUIYSeAp

LL 124 <X 89°6Y 00’ 148 96 1002-€2-8 €8T EL 980 TH  IUNOIN 1091§ ISEH foolq Ioures| o) ATenqLif, poweuun)  [0-§IA
KQIQIUOIN

68’ 75 43 8706 00’ ! 96 100C-€C-8 €ITIEL 9TIITY ‘peoy 1dny ‘poyren axe 0) AreInquy, pawreuun)  ¢0-9N

66 6’ L6 yE€8 00’ €e’L 96 100C-€2-8 8y Tl €L SV OITY KAI01UOIA “€T 9INOY dlel§ “IOARY Jodeyuoy  [0-9IN

66 [4} L6 YLOL 09 (43 g6 100C-CC-8 ¥CSIEL 1STTTy X0uar] ‘1901g Isey “Yoolg umjox  z0-O1
90

68" €L 43 L9C9 €L'9 €S’ 96 100T-€2-8 SPOI €L €0LITP 921G Yoy “IOATY duojesnoy oy Aremquy, pawreuun)  €0-0'1

66 [ L6 19°88 (YA oL S6 100T-CC-8 €STIEL 8SLITY 9T ‘(T INOY LIS HOOI LIRMURID  70-O'1
ySnorogsoue|

98’ LY 8L 09°¢6 00’ 88 88 100C-1C-8 8I €l €L 9S€ETy 19211§ UIE] YUON 001 UMOJ, 0} ATeInqLL], pawreuun)  [O-IA'T

66 €6 86° 89°¢8 LT¢E 006 68 100C-CC-8 87 SOEL €06CT Ty S[BPSULH ‘PrOY JOSPUIM PO “[00Ig I0SPUIM  [0-dH
No0ouRH ‘[§ 2INOY LIS JO

YL s €9 0t'96 00° or 68 1002-TZ-8 10 1TEL 6E£STTY  ISOM ‘0T ANOY LIS SOOI UouRqaT A yduelg YuoN  €0-dH

09 Ie Sy’ 00001 00’ €T 96 100C-€2-8 €S9I €L 6V ElTY Uo)FULLIEY 1BAID) ‘PEOY UMOLIEIY YOOIg IS LO-IND
uojSurieg

€8’ 99 SL 9L'8L 00’ €s’ 96 1002-€¢-8 18I €L TLIL Ty  JealD ‘€7 ANOY alel§ ‘[ong e o) Areinqrif, paweuun)  90-WO
uojuLLeg 18I0

98" LY 8L 1596 S6'C €6’ 96 1002-€C-8 SYOTEL SSEITH ‘€81 AINOY LIS “IOARY OIUOJESNOH 0} AIeINQLI, poweuu)  S0-ND

L6 98’ ¥6° 0896 00 SI'y 96 100C-€C-8 60 LI €L €TSITY uojSuLLIRE JBOID) PEOY UMOMEBIH YOOI ISOM  H0-IND

L6 ¥8 €6’ 0g'cy oL S6’ 96 100C-€C-8 ITPTEL 9560y uojuLLIeg JealD) ‘€T INOY IeIS NooIg preqqny  £0-ND
uojuLLe g 18ID)

L6 88" Y6 1€°0L €8°81 06'T 96 1002-€2-8  TSO6LEL 0 1L TH ‘€T NO0Y LIS “IOATY JIUOJESNOH 0 ATRINqLL], paweuun)  g0-IND
JjuowaI3g

L60 L8O €60 €5°¢9 000 6L'1 96 100T-€C-8 8€9T€EL SS 60Ty ‘€T AMOY AvI§ Yoorg Iourey] o) Arenquy, pawreuu) - ¢0-OH

uiseq Janly o1u0lesnoy
panunuon—uoibay uis)sap
Ajjeruuasad  (Juaaiad) m___“”ﬂ& - (Juaosad)
ywip  yuwy  Buimopy weans  pue) " P (z1tt) uoneinp  pan1asqo "o wio ‘0N
|anesb eale uoI}ea0| pue aweu Ajis-weans
1addn 1amoq jo Anjiqeqosd  3sasoy ue nues  abeuesq OM PElRW  aleq apmifuoy apmneq uonels
pajew)sy jo ealy _..S m_“.._< 1e1a -ns3

[soqrur arenbs ¢ 1w (AoAIng [0130[090) *S°N) ‘SOS HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Lpiqeqoid
-8€°0 M (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad 700z ‘07 1quiada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -ais weans 1e A[eru
-uarad Surmory weans Jo Ajiqeqold 10 S[eAISIUT 90UAPUOD Jud213d-G6 :syrun] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeau Je MO[JWeans 10 dN[eA UONERINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIS PUE ‘SINUI ‘SIVIFIP U] :DPNJIFUO] PUL IpMNe] ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUR ‘7 INT1J UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *ON uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.ojul 1aylo pue uonduasag

‘8 2lqeL



81

Table 8

d d d d d d d d d d d y3noIoqIejN MaN ‘Peoy S[[e] [[oqdue) TOAR Suniypy  Z0-3IN
EMSO&OQC&E MIN
d d d d d 1 I 1 1 d d ‘peoy Y[0JION ‘puO UOULIRH 0} AIenqu], paweuun)  [0-3IN
uoIuIySBA\
d d d d d 1 1 1 1 d d JUNOJA] 9931G ISBY Y001 IouIey| 0} AIRINqLI], paweuU() 10-8IN
KQI9)UOIN
d d d d d d I d d d d ‘peoy 1dny ‘peren e 0) Arenqriy, poweuu)  Z0-9N
d d d d d d d d d d d AQIIUOIN ‘€T Aoy el “JOATY Jodeuos]  [0-9IN
d d d d d d d d d d d XOUdT 921§ ey oolg unjox 70-01
RT
d d d d d d 1 d 1 d d 1991§ YoINY) “ISARY OIUOJBSNO 0) AIenqriy, pawreuu) £0-O1
d d d d d d d d d d d 997 ‘(T AIN0Y AIeIS 00l I9eMUIID 20-071
ySnoroqsoue|
d d d d d d d d d d 1 991§ UIRJAl YHON Y0oIg umo], 0) Krenquiy, poweuun)  [Q-IN'T
d d d d d d d d d d d 9[epsulH ‘peoy I0Spuipy p[Q NooIg IoSpuip 10-dH
Yo0ouRH ‘T{ AINOY AeIS JO
d d d d d I I I I d I 1SOM, 0T 2INOY AIBIS YOOI UOUBQ JA YoueIg YUON  €0-HH
d d d d d I I d d I I uojSULLIEY JEQID) ‘PLOY UMOMEIY YOOI ISOM  LO-ND
uoj3urLeyg
d d d d d d 1 d I d d 121D ‘€7 ANOY dJeIS ‘Tong e 03 ATenquiy, paweuu)  90-IND
uoj3urLreq 18I0 ‘¢][
d d d d d d d d d d d QINOY AIBIS TOARY JTUOJESNOH 01 ATeInqu], pawreuu)  ¢O-AD
d d d d d d d d d d d uojSuLLIEY JERID) ‘PLOY UMOMEIY YOOI ISOM  $0-ND
d d d d d d I d d d d uo)3uLLIeg JBRID) ‘¢T INOY IS Yoord preqqny - €0-IND
uoj3urLLeq 18I0
d d d d d d d d d d d ‘€T AINOY QIS TATY JTUOJESNOH 0} AXRINQLIL, pauwreuu)  70-ND
JjuowaI3g
d d d d d d I d d d d ‘€T PINOY AIrIS YOOIg JAUIEY 0) AIeINQU, powreuu)  g0-OH
uiseq Janly 91u0leSNOH
panunuon—uoibay uis)sap
snje)s
08 o8 06 %6 86 g6 Smeis  osmes o dew o smes oN
uonenba suonejnfias oydesb uonenba uoea0| pue Sweu as-weans
. . paniasqQ uonels
snoinald  pasinay -odo}  pasinay
(uoneinp mojj Juaaiad je snje)s) SIVISINYIHLS Sosn

[soqru axenbs 1w {AoAng [80130]090) S ‘SDSN “IoqUNU “ON "000 ‘ZSN pue sary :SLVLSINVAULS utodino Aijiqeqoid
-8€°0 I (Z00T) PIOYYIIY pue juag :snjejs uonenba sno1adad ‘700z ‘0z 10quadd(J UOISIAY :SNJE)S SUONBINSAL PIsIARY Jutodind Ajiqeqoid-9g-() uo paseq :snje)s uonenba pasiady -a11s weans je Afferu
-uarad Surmory weans Jo A1jiqeqoid 10J S[RAIIUT OUIPIFU0D Judd13d-G6 :sprun] 1dddn pue 1omor] ‘uone)s FurdeS-mo[juweans xopul AGIedu Je MO[JWERALS I0J dN[BA UONRIND-MO[) [Bnbd 0) pawnssy :uone.inp

MO[J PaJeWISY SPUOIIS PUEB ‘SAINUI ‘SIAIFIP U] :9pMIZUO] Pue IpMNe ] "¢ 2INS1J U0 UMOYS JUSNIUWLIDIUI SB PIAIISQO SIS WIS PUB ‘7 AINTIJ UT UMOYS [BIUUId SB PIAISSqO SIS WeaNS :*0N uone)s]

panuiuo)—:spasnyaessel) ul Ajjeiuusaiad Buimoyy weals e jo Aljigeqoad ayy Buiewnnsa Joy uonenba uoissalbial onsibo| ayy jo Juswdojaaap ul pasn ‘100g
Jaquaydag Ajzea ybnoayy Ainp a1e| ‘spasnyoesse|y ul A1o 10 umoy pue ‘uiseq Jaall Jolew ‘uoibal Aq saus wealls palsiA-p|aly 10} UOIBWIOUI JBYI0 pue uonduasaq g ajqel



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

82

16 vL 4 €C°L6 00’ (3! 88 100T-1C-8 TILIEL Sheecy J000URH ‘prOY UMEIUNOIA dIpoig Noolg Adpudg  ¢0-HH
96 e8’ 6’ 00°€9 9¢'1 or'l 88 100C-1C-8 O8I €L Seyely JO00URH ‘g AINOY AeI§ oorg wnqyey  [0-HH
3mgsyreD
06’ oL 78 7868 81°0¢ w 88 100C-1C-8 STYOEL v Ty Ty 19215 IY[EA YooIg uokue) 0) Kreinquif, paweuun)  [0-0D
QIYsAYD)
88" |75 18 L9°06 00’ w1 88 1002-12-8 6T SOEL 0StvETh ‘911 Moy AeIg “ooig AIq 01 AreInqu, pawreuun)  Z0-[D
96 78 6’ 90°8Y 00° SO'L 88 100T-12-8 TELOEL 61SETy  aysayD ‘peoy S[M Yoorq A1 o) Aremnqu, paweuun)  [0-[D
06’ vL €8’ 01°69 LS |75 88 100C-12-8 0I190€L 8S9¢TH SWEpY ‘preoy Iseq Noolg pady  TO-HV
00T 96 66° L6'€9 Le'E 901 88 100C-1C-8 TELOEL LTIECY SwWepy Jeang preuod| yoorg Kiq  [0-dV
uiseg Jaaly uospny
1 9IN0Y AvIS
68 o 43 8876 78'¢ SO'1 96 1002-€2-8 LY TTEL LOOI TH “IOARY SWEI[IAL 01 9TPLIGAO0IS 1S9p “ATeInqu], powreuun)  [0-AX
33 Sy oL 11°66 LT 16 L6 100C-+¥C-8 SEIT €L 8V EITh weySuLIAY, ‘peoy Urejy yoold [BsA1)  10-AL
86° 06’ 96’ LT°09 4 L9C 96 100C-€C-8 SS LI €L 6S0CCY 95PLIQYO0I§ 10N AUIOYIMEH YOOI USIBN  $0-ZS
PIPYJRUS ‘Proy
w0 oL 98’ 89°LS 00’ 9’ 96 100C-€C-8 8CT8I €L 11S0CY [[TH NR[NH ‘I9ATY OIUOJESNOH O} AIeINQLL], paweuuny 0[S
PIPIJRYS
86 16 96’ 99°09 866¢ So'1 96 1002-€2-8 8S0TEL 80Y0TH  ‘Peoy odeuury ToAry OIUOIESNOH 0) AIRINQU], POWRUU)  $(-[S
86 06’ 6’ 99°C8 90°LT er'e 96 100C-€C-8 LEYTEL LOVOTY PeYRYS ‘Proy Las[ay] Yooig AIq  €0-[S
PIRUIAYS
96’ 53 (43 80°IL c1os €0°1 96 1002-€2-8 1TETEL $T80Ty  ‘PeOY U[owIT Hoolg preqqny o) Aenquif, poweuun [0S
123 SY oL STY6 00’ 18 68 100T-CC-8 ¢€cel €L 90STTY PIOYSNIJ ‘PeOY XOUST MIN 1SBH ooIg SMAS  €0-Ld
PIRYsnid
(<3 SL 98 rr'86 00’ L1 68 100T-CC-8 SO0TEL €SSTTY ‘T 9INOY 1LIS JO IS ‘0T SIMOY LIS Yoolg IMeys  70-Ld
y3no1oqIej\l MIN ‘PrOY
) 33 ot 0L'L9 00’ er 96 1002-€2-8  6SLLEL 61S0TH  Youelg Jomalg IOARY OIUOJESNOH O} AIeINqLI], POWeUU)  #0-MN
y3noioqIej\ MAN ‘PrOY
¥6'0 180 680 8S°0L 170 8I'T 96 100C-€2-8 80 ST €L TO¢E0CY Ao[eA ueuRR)) “TOATRY SUNIYA 0) ATEINQU powEUU)  €0-3N
panunuo)—uiseg JaAly J1u0lesSNoH
panunuo)—uoibiay uia)sapy
Ajjeluuaiad  (yuaaiad) m“__””“_mw& . (uaauad)
yunj  punp Buimojy weans  pue) : g (zh) uoneinp  paniasqo wio wio ‘oN
laddp  1amo7 o Anjigeqosd  1saloy |aneiB eole mojypajewn  ajeq  apmibuol apmme] 1o1ea0] pue auiey a)is-weals uonels
pue pues abeureiq
pejewnsy jo ealy 10 BoIy -ns3

[sortur arenbs ‘1w {£oAIng [€9150[090) "S'() ‘SOSN oqunu “ON "000¢ ‘ZSALL] pue sory :SLVILSINVAILS utodino Kijiqeqoxd
-8¢°0 WIM (Z00T) PIPYYLIY pue Juog :snjejs uonenba snoradid 'g00g ‘07 I0quIadd(] UOISIAYY :SNJe)s suonensaa pasiady Jurodino Aiqeqoid-96 () uo paseq :snjejs uonenba pasiady] -ois weans je A[feru
-uarad Surmory weans jo Ajiqeqoid 103 S[eAIo)ul 90UapIJu0d JuadI1ad-G6 :syruf Jaddn pue 1amor ‘uonels SurSes-mo[jueans Xopul AqIedu Je MO[Jueas J0J an[ea uoneInp-mofj [enba 0 pownssy :uoneInp

MO[J PIJRWISF "SPUOIIS PUE ‘SINUIW ‘SI2ITP U] :9pNIISUO[ PuE Ipmne| ¢ dINSIJ U0 UMOYS JUSPTULISIUI SB POAISSQO SI)IS WEAN)S PUL ‘7 9INTIJ Ul UMOYS [eruuaIad st POAISSQO SA)IS WIS *0N uone)s|

panuiuo)—:spasnyaessel) ul Ajjeiuusaiad Buimoyy weals e jo Ayjigeqoad ayy Bunewnsa Joy uoienba uoissalbial onnsibo| ay3 jo Juswdojaaap ul pasn ‘100g
Jaquaydag Ajzea ybnoayy Ainp a1e| ‘spasnyoesse|) ul A1o 10 umoy pue ‘uiseq Jaall Jolew ‘uoibal Aq saus weaJls palsIA-p|aly 10} uoeWIOUl JaYl0 pue uonduasaq g ajqer



83

Table 8

d d d d d d d d d d d 3000UBH ‘PeOY UIRNOIA dIpoig ‘yooig Adpueg  Z0-dH
d d d d d d d d d d d J00JURH ‘Ef 9INOY AYeIS NooIg umquey  10-dH
3qgsyreD
d d d d d d d d I d d ‘1001§ IY[ep| oorg uokue)) o) Kreynqu, paureuuy  [0-0D
oISy
d d d d d d I d d d d ‘911 2Oy AeIS yoorq A1 0) Axeinqriy, pawreuun)  g0-rD
d d d d d d I d d d I a1ysay) ‘peoy S[lep oorg K1 03 Areinguiy, paweuun)  [0-[D
d d d d d d d d I d d Swepy ‘peoy ised NooIg paoy  70-AV
d d d d d d d d d d I SWepy )2an§ pIeuod Yoorqg &1q  [0-AY
uiseg Janly uospny
3pLIQYO0IS ISOM
d d d d d d d d I d I ‘Tt AINOY LIS “TOATY SWRI[[IM 0) Arenquy, paureuun)  [0-AX
d d d d d d I d d d d weySuLkL, ‘peoy Uy oord [eISA1)  [0-AL
d d d d d d d d d d d 93PLIQYO0)S 10ANS QUIOMEH NooId USIBIN  $0-ZS
PIoUJRYS ‘proy
d d d d d I I I I d d [ITH WS[NH ‘I9ARY OIUOJESNOH 0) ATEINqLI], powreuuf)  GO-[S
EIHENN
d d d d d d 1 d d d d ‘peoy odeuury IOALY O1UOJBSNOH 0) AIRINQLL], paWeUU) 0-[S
d d d d d d d d d d d PIRIJAYS ‘peoy Kos[oy oord AId  €0-[S
QEIENN
d d d d d d I d I d d ‘peoy upjawIT Yoolg preqqny o) AreInqu, poweuun [0S
d d d d d d I d d d d PIoYsNId ‘PeoY X0uo] MON Iseq NooIg soYAS  €0-Ld
PloYSIId
d d d d d d d d d d d ‘Tt INOY 9IS JO ISOM 0T N0y del§ Yooxg 10¥eys  70-Ld
[y3no1oqie|\ MON ‘Peoy
d d d 1 1 1 1 1 1 1 1 youelg Iomalg IOARY OIU0JesSnNOH 0} A1eInqui] paweuu)  $0-N
ySnoloqIe]N MaN ‘peoy
d d d d d d I d I d d Ad[eA uBURE)) “TOARY SUNIYA 03 AIRINQUL poweuun)  0-3N
panuiuo)—uiseg JaAlY 91U0}LSNOH
panunuo)—uoibay uis)sapp
snje)s
08 8 06 6 86 66 snjejs snjejs dew snje)s smejs ‘oN
uonenba suonenfias aiydesf uonenba uoI}e90| pue Sweu As-weans
SNoIN3ld  pasinay -odo)  pasinay Pon1asq0 uonels
(uoneinp mojjuaaiad je snjels) SIVISINVIYLS sosn

[soqru arenbs 1w {AoAIng [80130[090) S ‘SHSN {IqUINU “ON "000T ‘ZSAL1 pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YIM (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISIADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiAdy -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIUI OUIPIFU0D JUdd1d-G6 :syruu] 1dddn pue 19mo] ‘uonels Surde3-mo[Juwedns Xopul AGIBdU Je MO[JWEBAI)S I0] dN[BA UONRINP-MmO[J [enbd 0) pawnssy :uone.Inp
MO[J PAJBWST "SPUOIIS PUE ‘SAINUIW ‘SIAIFIP U] :9pMIZUO] Pue IpMNe T "¢ 2INS1J U0 UMOYS JUSIIULIDIUI SB PIAISSQO SIS WLAL)S PUB ‘Z I UI UMOYS [RIUUAIAd SB PIAIISQO SI)IS WRANS 0N uone)s]

panunuo)—:spasnyaessel) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly Joj uoew.oul 1aylo pue uonduasag

‘8 2lqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

84

UOPUYOUTA

08 09 [V 6’16 e 8¢ 16 100T-L1-8 T€¥0TL 1S8ETY ‘001§ 105V ‘uostua(y e o} Aremnquy, paweuu)  Z0-NX
UOPUIYOUTIA ‘peOY

€8 a4 99’ 66'9L 6L9L 4 16 100C-L1-8 0S¥0CTL 118¢TY 21LIS [IAUIMP[EE “IOATY JONIQ 0} ATeInqU, pawreuun)  [0-NX

66 06 96’ 00°L6 ¥9°¢C ws €8 100C-€0-8 6¢£1CCL 8ESETy [[OPUSAL ‘PrOY 10do( [[OPUA YOOI AUOISIOYA  €0-OM

€6’ 8L LY 6v'16 LT 9S1 16 1002-01-8 <COICTL 1S6¢£Th JOIMIBAN ‘PROY [[OPUSM YOOIg 2081  7O-HM

S6’ 08’ 68’ 78'L6 8S'1 1€C 16 1002-01-8 ¥#ITCTL tO8ETH JOIMIBA ‘PBOY OFE] Y0OoId SSON  [0-HM

66’ 16’ 96’ 8¢°¢8 7061 wy 16 100C-L1-8 SI0ICL o6vOycy uojsiefoy ‘peoy umorq Yoorg IAedg  70-Xd
UOIS[RAOY ‘prROY WRI[[IMZ)T]

YL €S ¥9’ 0L'+8 00 9¢ 16 100C-L1-8 CITICL 6v 0¥y 1SEAULION YOOI duaIMET] 0) AIINqLL], paureuu)  [0-X¥

96 S (4 798 10°¢€T 0T 16 100C-L1-8 9€LOTL SOvETK uoysdI[Iyd ‘peoy 93e[[IA SHOOIH Noolq JoArdg 10-1d
a3ue1Q

I LY 09 CL'E6 6¢°¢l 4% €8 100C-€0-8 8¥ 91 CL 0Ol S€ Ty VT Aoy Q1vlS “TOATY SIR[[IA 0} AreInquiy, powreuun)  70-Y0
A3ueI

89 oy 179 L6'66 SLLT 8T €8 100C-€0-8 tE€1CTL LSSETY ‘YT 2IN0Y 21eI§ TOARY SIAIA 03 ATeInquiy, paweuun)  [0-JO
oYy ‘peoy

06 oL 43 18°68 €6'¢S s 16 100C-L1-8 €0EITL 6TEETH  UIOQIdYS MON Yoorg poomurig o} Aremqu, poweuu)  g0-qV

8L 8¢ 69’ ¥0°€8 00’ e 16 T100T-L1-8 LSETTL 0STETY [0Y1V ‘PrOy 1UBUOD Y0OoIg MOIYL,  [0-dV
weyuInqusy

LL LS 89’ yT€8 00 (44 68 1002-60-8  €09S 1L OF OF ¢ ‘Peoy SLIBH ‘e SeayneN 1omo] o) Areinqu, paweuuny [0~V

uiseg Janty sJa||iN

UMO)ISWRI[[IA\ ‘€1 9INOY

oL 94 8¢ 65796 SE6 € 88 100C-1C-8 CTSSIEL LO6ETY 9IBIS TOARY UAAID) youeld ISIM 03 Aremnqu, powreuu)  €0-IX

66" 16 L6’ L9°68 sTe 699 88  100T-1T-8 Se€TlEL SEOV T UMOISWEI[IAL ‘peoy Joddoy “yoorg roddoy  70-TX
swepy

YLO [0 ¥9°0 ¥C'88 000 8¢0 88 100C-12-8 €£90€L SO Iy Ty YHON ‘1001G 91BIS “IOARY OISOOH 0} ATenqgriy, poweuu)  [0-ON

panunuo)—uiseq JaAly Uospny
panunuon—uoibay uis)sapy
Ajjeruuasad  (Juaaiad) m”__M”“_M& (Juaosad)
yuwiyp  yun  Buimopy weans  puej : P (z1tH) uoneinp  pPamIasqo wio wio 'ON
|1aneah eale uo1JeI0| pUE dWeU 3}Is-weails
1addn 1amo7 jo Anjiqeqosd  3sasoy pue pues  abeureig mojjpajew  ajeq  apnubuol apmmne] uonels
pajewns] jo eany 10 wary : -ns3

[soqrur arenbs ¢ 1w (AoAIng [2130[090) *S'N ‘SO HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Kipiqeqoid
-8€°0 I (Z00T) PIPYYDIY Pue Juag :smyejs uonenbs snoirdad -z00g ‘07 1quada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g () uo paseq :snjejs uonenba pasiaay] -ais weans 1e A[eru
-uarad Surmory weans jo Ajiqeqold 10 s[eAIaIUT 90UAPUOD 1udd13d-G6 :syru] Jdddn pue 1m0 ‘uonels Surses-Mo[Jjueans Xopul AGIeau Je MO[JWeans 10 dN[eA UONeINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIIS PUE ‘SINUI ‘SIAIFIP U] :9PNJIFUO] puL IpMNe ¢ 2INTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUL ‘7 InT1J UI UMOYS [eIutdIad Se PIAIISQO SIS WeaNS *0N uone)s]

panunuo)—spasnyaesselp ul Ajjeluuasad Buimoyy weasss e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAl Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.Ioul 1aylo pue uonduasag

‘8 2lqeL



85

Table 8

UOPUIYIUIA\
d d d d d I I d d d I ‘J0an§ JO3Y ‘uostua( e 03 AeInqril, paweuun)  Z0-NX
UOPUAYIUIA nﬂ:wowﬁ
d d d d d 1 1 1 1 d d QJB)S S[IAUIMP[EE TOATY IONQ 0} ATBINQU, pawreuu)  [0-NX
d d d d d d d d d d d [[9pUapy “‘peoy 10do(T [[OPUIA YOOIg AUOISIYM  £0-OM
d d d d d d d d d d d NOIMIBAN ‘PROY [[OPUSM N0OIg 201D  TO-HM
d d d d d d d d d d d JOIMIBA ‘PrOY dFed N0oOoIg SSON  [0-HM
d d d d d d d d d d d u0IS[eA0Y ‘PrOY UMOIF YooIg JArRd  70-X
UOJS[eA0Y ‘PeOY WERI[[IMZII]
d d d d d I I d d d d ISEAYIION YOOIg AOUIMET] 0) AXEINqU, poweuu)  [0-XY
d d d d d d I d d d d uoysdi[[iyd ‘peoy S5E[[IA $Y00Ig Noolg IoAedq 10-1d
a3ue1Q
d d d d d I I d d d d VT N0y AEIS IARY SI[[IA 03 AreInquL, pawreuu)  Z0-d40
J3ue1n
d d d d d I I d d I I VT 20y AIBIS TOARY SIA[[IA 03 Aeinqu, pawreuuny  [0-YO
oy ‘peoy
d d d d d d I d d d d wI0gIoYS MAN “Joo1g poomul[[g o) ATenqrif, poweuun)  z0-¥v
d d d d d I I d d d d [OyIY ‘prOY JUBUOD NooIg PMOIYL  [0-YV
weyunqusy ‘peoy
d d d d d I I d d d d SLLIEH ‘oyer] SeayneN 1omo 0} Areinqu, poweuuny  [0-TV
uiseg Jany siaiAl
UMOJSWERI[[TA\ ‘Cf N0y
d d d d d d d d d d d 0J}S “IOATY UOAID) YOURIE JSOM O} ATENqLIL, poweuu)  €0-IX
d d d d d d d d d d d UMOJSWEI[[IA\ ‘PeOY Joddoy “yoorg seddoy  z0-TX
swepy
d d d d d I I d d d I UHON 991G 9JelS ISARY JISOOH 03 Areynqui] paweuun)  [0-ON
panuuo)—uiseq JaAlY UOSPNH
panunuon)—uoibay uis)sap
snje)s
08 58 06 %6 86 g6 Smeis  smeis  dew - smes oN
uonenba suonenfias oaiydesf uonenba uoI}e90| pue aweu a)s-weans
m:m_zz."_ _E.m_>$_ -odo)  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIYLS sosn

[soqruu arenbs ;1w {AoAIng [80130[090) S ‘SHSN LIqUINU “ON "000T ‘ZSALI pue sary :SLVLSINVAULS utodino Ajiqeqoid

-8€°0 YMm (Z007) PIOYYIIY pue juag :snje)s uonenba snoradad ‘700z ‘0 10quiadd(J UOISTADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96-() uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIAUIL dOUIPIFU0D JUdd1d-G6 :syruu] 1oddn pue 19mo] ‘uonels Surde3-mo[Juwedns Xopul AGIedU Je MO[JWEBAI)S I0] dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJRWNST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9pMISUO] Pue IpMNe T "¢ 2INS1J U0 UMOYS JUSIULIDIUI SB PIAIISQO SIS WLALS PUB ‘Z I Ul UMOYS [RIUUAIAd SB PIAIISQO SI)IS WRANS 0N uone)s]

panunuo)—:spasnyaesselp ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 911s160] 8y jo Juawdojanap ul pasn ‘L00g
Jaquaydas Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Aud 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palisIA-plaly 1o} uoew.lojul 1aylo pue uonduasag

‘8 2lqel



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

86

86 06 S6 L8'SY LOTS L6 L6 100C-¥C-8 81 9% TL 9090 T¥ PIPLISOA “PrOY OPIS[[TH YOOI AO[USY  H0-AM
PIRISOM
€6’ 6L LY €TEL 69°6¢ 69’ S6 100C-01-8 €16V CL ¥I180CK ‘PeOY ISOM YUON oA d[NIT 01 Areinquiy, paweuun)  [0-AM
OIAMINOG ‘7T INOY
oL LE 8¢ 99°8% 0L 9% LO L6 1002-vC-8  6S SPTL 8S¥0 TH QIS/QT N0y Ael§ oord FO[[o3] 03 ATRINQUIL, powreuu)  GO-AS
(<) 8L 98’ eviL 00° €6’ L6 100C-¥C-8 SOLYTL LSEOTY SOIAYINOS “PROY [[TH $90D NooIg anL  $0-AS
FOIAYINOS “ProY
8L IS 99 05°8S 00 1T L6 100C-+¥C-8 Ov LV TL 10€0Ch UOSYOB( PAL] OOIg uosuyof 03 Arenquy, paweut)  ¢0-AS
A21AyInos
66 16’ 96 6899 81 L9°¢ L6 100C-¥¢-8 ¥0 Ly CTL STT0CTY ‘70T MO0y LIS/ 2IMOY AeIS NooIg uosuyof  ¢0-AS
S 69 8L 9¢'SL 0°¢S1 0s L6 10028 019%TL 9v 0Ty JOIMYINOS ‘peoy dpiskuung yoorg S0[[@y  [0-AS
86 06 96’ 6€CL 01’8 0ce g6 100C-01-8 CTIISCTL 9560 Y [[98SNY ‘€T 2IM0yY AeI§ Noorg yseiod  10-Ad
68 €L 43 00CL 00 |75 L6 100C-12-8 8SESTL €0IETh PISYUIRI] ‘9] [ AINOY ANvIS Nooig MOPeaN  [0-Nd
o 6v’ 19 99°88 00 143 L6 100C-1C-8 LETSTL TELeeTh KojmeH ‘peoy ployureld IOARY YIMS  [0-INH
06 L 78 €188 00 811 g6 100C-01-8 ¥y S TL 808l CY uo)Sununy ‘peoy [[1H ss0D oorq sekyS  ¢0-cH
€6’ 8L LY 9¢'16 00 99°'1 g6 100C-01-8 +1¢CSTL I€LITY uo)Sununy ‘g [ ANOY AeI§ yoorq saYAkS  [0-cH
68 €L 43 78'88 00 SOl 86 100C-CC-8 v1 8y CTL LSSTTY Uayson 991§ ISOM YOOI INSPM  ¥0-dD
06’ SL 123 87799 00’ 89 86 100T-TC-8 0V SSTL €Y 9T Y uojSuruIwuny) ‘peoy [[IH 40304 Y0ooId SPIIyD  10-AD
plojpuerg
oL i w9 81°9¢ 00’ LT L6 100C-¥C-8 1¥00€L LITICY ‘PeOY SqqID Y0oIg uosieAy 01 Areinquiy, poweuun  $0-44
06 sL 78 €L'6L 00 Y6 S6 100C-01-8 €T LSTL LSTICTY piojpue[g ‘peoy 210D Yooiq Aueyil,  ¢0-HY
plojpue[q ‘PROY
oL ey 8¢ 2999 00 81 S6 100C-01-8 9T LSTL 00CIcCy pIojpuE[d YION 0oIg wepag 0} Areinqu, paweuun  g0-44
66 €6’ 86° 9¥°68 s¢ 9¢’6 g6 100C-01-8 LO8STL %001 CY pIoJpue[{ ‘PROY e[ WeIH Yooig puod  10-H9
66 ¥6° 86’ 01°C8 61T 9601 L6 100C-12-8 101STL 800¢€CTh PIRYYUSY ‘91 [9INOY 3RS IOARI YIMS  [0-NV
L6 LY 76 L9€8 61'Y 96'C S6 100C-CC-8 9¥COEL 0SSITh 19094 ‘()T AINOY ALIS/Q AINOY ALIS ool IY[BM  €0-EV
19Y39g
6L°0 8S0 0L°0 SLY6 000 650 6 1002-22-8 9EV0 €L LY ST TP ‘0T 2MOY 91BIS/§ ANOY 9ILIS YOOI ION[BA YOURIG ISOM  T0-€V
uiseg Janly pialasapn
panunuon—uoibay uis)sap
Ajjeruuasad  (Juaaiad) m”__“”“ﬂ& (Juaosad)
yunp  yun  Buimopy weans  puej : P (elth) uoneinp  pPanIasqo wio 'ON
|aneah eale uo01JeI0| pUE dWeu 3}Is-weails
1addn 1amoq jo Anjiqeqosd  3sasoy pue pues  abeureig mojjpajew  ajeq  apnubuol apmmne] uoneis
pajewnsy jo ealy 10 el : -ns3

[soqru arenbs ¢ 1w {AoAIng [2130[090) *S'N) ‘SOS HRqUINU “ON "000T ‘ZSALI] pue sary :SLVLSINVAYLS “utodino Aiiqeqoid
-8€°0 I (Z00Z) PIPYYDIY pue Juag :smyejs uonenbs snoirdad 700z ‘¢ 12quiada(] UOISTAYY :SNJE)S SUoNRNSaI pasiady utodind Aiqeqoid-9g-() uo paseq :snjejs uonenba pasiaay -ais weans 1e A[eru
-uarad Surmory weans jo Ajiqeqold 10 s[eAIa)UT 90UAPUOD 1udd13d-G6 :syru] Jdddn pue 1m0 ‘uonels Surses-Mo[Jweans Xopul AGIeaU J8 MO[JWeans 10 dn[eA UONRINP-MO[J [enbd 0] pawnssy :uoneInp

MO[J PIJBUWINSF "SPUOIIS PUE ‘SINUI ‘SIAIFIP U] :DPNJIFUO] PUL IpMNe ¢ AINTIJ U0 UMOYS JUINTULIAIUI SB PIAIISQO SIS WIS PUB ‘7 2INT1Y UI UMOYS [eIutdIad SB PIAIISQO SIS WEeANS *ON uone)s]

panunuo)—:spasnyaessel ul Ajjeluuaiad Buimoyy weasss e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Auo 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq saus wealls palsIA-plaly 1o} uoew.Iojul 1aylo pue uoiduasag

‘8 2lqeL



87

Table 8

d d d d d d I d d d d PIPIISIA ‘PeOY SPISIITH MOOIT AA[USY  #0-AM
PIOLISOM

d d d d d d d d I d d ‘PROY ISOM YHON “I0ARY 91T 03 ATeInqu, powreuun)  [0-AM
YOIMYINOS ‘ZOT INOY LIS

d d d I I I I I I d I /01 AN0Y IS “jooig SO[AY 0} AINQUL PAWRUUN)  GO-AS

d d d d d d I d d d d YOIMYINOS ‘peoy [MIH S0 “0oIg AWML $0-AS

YoImyINOg ‘peoy

d d d d d I I I I d d UOSYO'[ PAL YOOI UOSUYO[ O) ATeINqUI], POWEBUU()  €0-AS
JoImynog
d d d d d d d d d d d ‘70T AN0Y ALIS/Q[ ANOY SBIS Y0OoIg UoSUYof  Z0-AS
d d d d d d I d I d d JOIMIINOS ‘PrOY dpIsAuung Yoo So[[dy  [0-AS
d d d d d d d d d d d [1ossTy ‘¢ ANOY aJeIg Noord yselod  [0-AM
d d d d d I I I I d d PIRYUIBI] ‘9] | IMOY 31LIS ooIg MOPEIN  [0-Nd
d d d d d I I d d d d AS[MEH ‘prOY pleyuIR]d JOARY YIMS  [0-INH
d d d d d d I d d d d uo)Sununy ‘peoy [[1H $soH Yoorq saANS  €0-CH
d d d d d d d d d d d uojSununy ‘g | ANOY AAeIS Yoorq saYAS  [0-CH
d d d d d d I d d d d UDYSOD) 100N ISOM YOOI 1ISQIM  $0-AD
d d d d d I I I I d d uoySurwny) ‘peoy [[1H Jo1od Yoord spiyd  10-AD
piojpue[g
d d d d I I I I I d I ‘peoy SqqID) ool UOSIEA\ 0} AxeingLi], paweuun)  $0-dd
d d d d d d I d d d I piojpue[g ‘peoy 2100 Yooiq Aueyty,  ¢0-dd
plojpueld ‘peoy
d d d d d 1 1 d d d d pIoJpuE[d YLON “0oIg We[pag 0} AXeINqu, paweuun  g0-d4
d d d d d d d d d d d plojpuelq ‘prOY Ire[g WRIIH “0oIg puod 10-44
d d d d d d d d d d d PIPYYSY ‘91 [9INOY LIS TAR] YIMS  [O-NV
d d d d d d d d d d d 19599 ‘(T AINOY ALIS/Q AINOY ALIS YOOI I[P €0-EV
193994 ‘0T
d d d d d I I d d d d AIN0Y AIG/Q ANOY LIS Y00oIg IOY[EA YOUBIF IO\ T0-EV
uiseg J8Aly paiasspn
panunuon)—uoibay uis)sap
smejs
08 G8 06 56 86 66 snje)s smejs dew smejs smers -oN
uonenba suonenfias aiydesf uonenba uoIed0| pue aweu A)s-weans
snoinald  pasinay -odo}  pasinay ponIasqo uonels
(uoneinp mojyjuaaiad je snjejs) SIVISINYIYLS sosn

[soqruu arenbs 1w {AoAIng [80130[090) *S') ‘SHSN LIqUINU “ON "000T ‘ZSL1 pue sary :SLVLSINVAULS utodino Aijiqeqoid

-8€°0 M (Z00Z) PIOYYIIY pue juag :snje)s uonenba snoiadad ‘700z ‘0 10quadd(J UOISTADY :SNJE)S SUONBNSAL PIsIANY 1utodind Ajiqeqoid-96 () uo paseq :snjejs uonenba pasiady -o1Is weans je A[[eru
-uarad Surmory weans Jo Ajiqeqoid 10§ S[BAIUI dOUIPIFU0D JUdd1d-G6 :syruul] 1dddn pue 19mor] ‘uone)s Jurde3-mo[Juweans Xopul AGIedU Je MO[JWEBAI)S I0J dN[BA UORINP-MO[J [enbd 0) pawnssy :uope.Inp
MO[J PAJBWNST "SPUOIIS PUE ‘SINUIW ‘SIAIFIP U] :9pMIISUO] Pue IpMNe T "¢ 2INS1J U0 UMOYS JUSIULIDIUI SB PIAISSQO SIS WEAL)S PUB ‘Z I Ul UMOYS [RIUUAIAd SB PIAIISQO SIS WRANS 0N uone)s]

panunuo)—:spasnyaessel ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 211s160] 8y jo Juawdojanap ul pasn ‘100g
Jaquaydag Ajdea ybnosyy Ainp a1e| ‘spasnyoesse|y ul Ao 1o umoy pue ‘uiseq JaAll Jolew ‘uoibal Aq says wealls palisiA-plaly Joj uoew.ojul 1aylo pue uonduasaq g ajqel



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

(42 124 99 19°T1 00°1¢ [ ¢8 c00c-1¢-L 8OSIIL OFcecy BOLID[[I ‘PROY Y0OIg QoA YooIg qgam  80-D9
BOLId[IIY

S6 78 16’ G9'8¢ LEEE LO'T ¢8 c00c-1e-L OvvI IL CEeety ‘aue aueyg Yoog souof 0} Aremnquiy, pawreuu L0-Dd
BOLIS[[IY ‘PROY OOIGPIIAM

LY 6S" oL 66°C1 €8¢ LT ¢8 c00c-1e-L 9evI IL vPIETy “IOATY UddYsMeyS 01 Aremnquiy, paweuun - 90-0g
BOLID[[I ‘pROY UYSmeys

96’ 18 16° 9¢T1 £€6°0¢ 6S ¢8 c00c-1e-L LIVIIL Ty IccTy “IOATY UQAUSMEYS 01 ATRINqLL], paweuu ) S0-0d

L 9¢ LY ¥8'Cr 09°CI 6C ¢8 c00c-1e-L  LvvI IL LTIETY BOLIS[[I ‘PROY UOLQ[Y OOI 3OW  #0-Od
uojurpng

9¢ €e 124 11°¢8 €9°LI 9T ¢8 00T-1e-L  PSETIL 1S 6CCTh ‘PeOY JUIY YOOIg dUIA 0} AreInqgLi, paweuup) co-vd
IoAOpUY ‘)9anS

g6’ 8L 68" 09°1C 069 SL 6 c00¢-10-8  vI80IL vIOV Ty YSIH “IOATY Uddysmeys 0} AIeinqLiy, paureuup) [1-IV
J9A0PUY ‘Q[OII) PLIISIWOH

86 LY Y6’ L9°8C 66'8L 6L 6 <00C-10-8  CC60 1L 0S8E Ty “IOATY UddYsMeYS 0} AreinqLiy, paureuu o1-rv
I9A0PUY ‘prOY

86 LY Y6’ 89'8¢ 9T’6L 08 6 c00C-10-8 6160 1L LYy8ETY E[[ISIY “IOARY U22YSMEYS O} ATeINqLI], powreuu ) 60-IV

Y6’ L 88’ 79°6C 00° 68" 6 c00C-10-8 9V LOIL TC6E Ty IoA0pUY 1091 UOMOJ YOOI SI950Y 80V
IoAOpUY 19918

LY 9¢ 43 SY'LE Ice 145 6 c00c-1e-L €80 1L vC8ETY 10QqV “IOARY UQ2YSMEYS 0) ATRINQLL], PoWreuu ) LO IV
JOAOPUY ‘pROY SA0ID)

o 8T 144 £€e'6¢ €0 [ 6 c00C-1¢-L  9¢80 1L TC8ETY Suridg “reARy udaysmeys o) Areynquif, poureuup) 90-[V
IsAOpUY ‘19anS

L6 88" Y6’ 0TIy LETY 8¥'l 6 T00T-1€-L  LP8OIL $0LETF  UINQOA “IOALY USAYSMEYS O) ATEINGLL], POWEUU ) SO-rv
IOAOPUY

06’ oL €8’ yoee 6691 4% 6 T00T-10-8  1€LOIL €79 TH ‘PeOY AUNOD ‘puod S1dIS04 0) ATeINqLi], poureuu ) Y0 IV
JOAOPUY ‘PrOY NOOIqIdPIY

€90 6CT0 9%°0 16°€¢ 00°0 170 6 ¢00¢-10-8 0SS LOIL 0OCTLECTY “IOATY U2AYSMEYS 0} AIeinquiy, pawreut) €0V

uiseg J1anly uaaysmeys
Ajjeluuaiad  (yuassad)  (Juaoiad) - (uaaiad)
nwip  ywip Buimoyy weans puej susodap (ztt) uoneinp panias ‘ON
ealje .0 o uoijedo| pue aweu ajis-weans
1addp 1amoq o Ayjiqeqoud Jsalo} |aneib pue abeures mojj -qo ajeq apnubuoq apmune uonels
pajewnsy joealy pues jo ealy te1a pajewnsy

[soqru arenbs ¢, rur iAoAIng [eo130[090) "S°N ‘SOSN
LIquInu “oN "000¢ ‘ZSOH] pue sory :SLVLSINVIALS utodino Liriqeqoid-g¢-0 yim (Z00Z) PIOYYSTY pue juag :snjels uonenbd sno1adad 7007 ‘07 J0quado(] UOTSIAY :SNJe)s SUone[n3ax pasiady
Jurodino Ly11qeqoid-g¢ () uo paseq :smyejs uonenba pasiady -as weans e A[reruuared Surmory weans Jo Ljiqeqoid 10J S[eAIUT 90UdPIJU0d JuddIad-G6 syl Jaddn pue Jomory ‘uonels Surses-mofjueans
Xopur £QIeall Je MO[JWEans J0J dN[eA UONILINP-MO[J [ENbo 0) pawnssy :uoneInp Mo[j pajewsy "SPuodds pue ‘SANUI ‘SaI39p U] :apnJISuUo| pue Ipmyper| '/ 2In3IJ U0 UMOYS SIS WEANS :*0u uone)s|

'spasnyaesse| ul Ajjeluualad Buimol) weans e jo Aljigeqoad ayl Bunewnsa Joj uonenba uoissalbal 913s160] 8y3 Jo UoIRIYLIBA Ul PASN ‘Z00g 1SnBny
Ajpea ybnoayy Ainp a1e| ‘spasnyoesse|) uialseayuou ‘uiseq Janly uaaysmeys ayl ut Ao 1o umol Aq says weasls paysiA-plaly 1o uoiewlojul Jayio pue uondiasaq

‘691qeL



89

Table 9

d d d d I I I d d d d BOLID[[IF ‘PrOY YOOI q9OM ooId AgeM  80-Dd
eLId[Ig

d d d d d d I d I d d ‘Quer] auryg “Yoog seuof o} Arenqu, paweuu)  L0-Dd
BOLIJ[[I] ‘PROY

d d d d d I I I I d d JOOIGP[IAN “IOALY USRUSMEYS 01 AIeIngLLL, paweuun)  90-Dd
BOLIR[[IY “Peoy

d d d d d d I d I d d USRYSMBYS “JOARY UddYsmeyg o} Areinqu, paweuun)  G0-Dd

d d d d I I I d d d I BOLIA[I ‘PrOY UOIAIY NoOIg 33PN $0-Dd
uoj3urpng

d d d d d I I I I I d ‘prOY JUAY YOOIf AUIA 0) AIeINQU, powreuu) S04
JIoAopuy

d d d d d d I d I d d 991§ YSIH “IPARY USSYsmeyS 0) Arenquif, psweuuf)  [[-[V
JOAOPUY “Q[II1D)

d d d d d d I d d d d PEAISIWIOH “IOATY USIYSMEYS 0} ATeINqLI], poureut ) o1-[v
I9A0PUY ‘prOY

d d d d d d I d d d d P[[ISIV TOAR USRUSMEYS O) ATEINqLIL, poWeuty)  60-[V

d d d d d I I d d d d IOA0PUY ‘J02NG UOHOIN YooIg SIS0y 80-[V
JOAOPUY 1921)S

d d d I I I I I I I d 104qV ISARY USAYSMEBYS 0} AIeinqu, psweuuny  LO-[V
IOAOPUY ‘pROY SA0ID)

d d d I I I I I I I I Sundg ‘1oARy uedysmeyg o) Awnquy, psweuu)  90-[V
IoAOpUY 191§

d d d d d d I d d d d UINGOAY ‘TOATY USQUSMEYS 0) AIeInqL], paureuup) SO v
JoAOpUY

d d d d d I I I I d d ‘proy AJUno) ‘puod s19180,f 03 AIeINQU, powreuu)  H0-[V
JOAOpUY ‘PeOY

d d I I I I I I I I d JOOIQISP[Y ‘ISATY USUSMEYS O} AIBINqU, paweuuf) €0V

panunuog)—uiseg Janly uaaysmeys
snje)s
08 58 06 56 86 66 Smels SIS oydess S smegs ‘oN
uonenba suonejnfial uonenba uoneao| pue a)is wWeansg
snomald  pasinay -odoy pasinay  PeMesd0 uonels
(uoneinp mojjuaaiad je smejs) S1VISINVIYLS soasn

[o1mur axenbs ;1w (AoAIng 01301000 S N ‘SHSN
froquinu “oN "000¢ ‘ZSL] pue sory :SLVLSINVAULS utodino Lrjiqeqoid-g¢-0 Yim (z00g) PIOUYSIY Pue udg :snjeys uonenba snoiadiad ‘700z ‘07 JoquIood(] UOISIADY :SNJe)s SUOE[NIAL PISIARY
Juroding Apiqeqoid-96( uo paseq :snjejs uoryenba pasiAdy "9s weans e Afjeruuoiod Juimory weans Jo A1rqeqoid 10J S[EAIIUL 99UIPIFU0D JuadIad-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans
XOpuI £QIeou Je MOJJWEANS J0J dN[eA UOIIEINP-MO[J [enba 0] poWNSSy :UONeINP MO[J PIJLWINSF "SPUOOIS PUE ‘SAINUIW ‘SOITOP U :9pMISUO] pue Ipmpe | ‘/ AInS1 U0 UMOYS SIS WEedNS :*ou uone)s]

panuiuo)—:spasnyoesse) ul Ajjeluusaiad Buimoyy weasls e jo Aujigeqoad ayy Buinewnsa Joy uonenba uoissalbial 013s160] 8y} Jo uoneaIIBA Ul pasn ‘goog Isnbny
Ajea ybnoayy Ajnp 83e| ‘spasnyoesse) ulalseayuou ‘uiseq JaAly uaaysmeys ayl ul Alo 1o umol Aq Sals Weasls pasIA-p|aly 404 uoijewloul Jay3o pue uondiasag

‘6 21qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

90

UOJSUTW]IA, }99MmS S[eApIe[[eg

9¢ cr (44 GS'18 00° I 06 c00C-1-8 YE€60 IL €C9ETh “IOATY UQYSMEYS 0] ATRINQLLY, POWRUU)  $0-JAX

L6 L8 Y6’ L1y 6879 'l ¢8 c00c-1e-L LSTIIL vPLETY AIgsyma, 1021g d[orulld Yoorq doeuuld  O[-NL
AIgsymal, ‘c€

06 89 I8 Ly 6¢ IL1 0¢ ¢8 c00c-1e-L  CTIvIIL €€8ECTy N0y LIS PUO SAWY 0} ATEINGLLL, powreut)  §0-N.L
AIgsymay, ‘peoy

€s 148 0¢ YL'0€ 00° SO ¢8 c00c-1¢-L 9evI IL PS8y pooma[de]Al ‘puod soury o) Arenqrif, paweuun)  £O-N.L
AINgsyMa], ‘Moy

68’ LY 08 SSey Ov'SL 8T I3 c00c-1¢-L  €eTlLIL 0SLETY IoUIEH 001 MOPEIN 0) ATEINGLL], powreut)  90-N.L
KIngsymay, ‘peoy

Y6’ 08 68’ €Cey SI'L9 19 ¢8 c00c-1¢-L 9¢ 0l IL 00 LE Ty 9[BA “TOARY UddUsmeyS 0} Arenqrif, pawreut)  GO-NL
AINgsyMma], ‘19o1§ BIOA[OH

78 6¢ S°) 8CCC 6586 90 ¢8 c00c-1¢-L  SSElIL 6C9¢c Ty “oorg Iaep\ Suong o) Aenquy, pawreuun  $0-NL
AIngsyma], ‘19o1§ BIOA[PH

S6’ LL 68’ 6S°LI 6V'IL e ¢8 c00c-1e-L ISEl 1L 8I9E Ty “oorg Iorep Suong 01 Arenquy, powreuun  ¢0-NL
JOAOPUY YUON ‘(f]] 2In0Y 238IS) J2anS

LY 69 6L ¥6'Cy 9C'6 cs 6 T00T-10-8 0180 1L +SOFTh oYdum[ “IoARY UdaYsMEYS 0) ATeINqLL], poweut)  $0-SN
IOAOPUY UMON ‘peoy

98 NS YL §C0c 00’ e 6 T00T-10-8  6SLOIL 87OV Th  A[10ABA\ “IOARY USAYSMEYS 0) ATRINGLL], powreut)  ¢0-SN
uo)3uIXa|

L6 3 Y6’ 10l et LL ¢8 c00c-1e-L OvvI IL ¥$SLTTY ‘peoy Ad[[eA Yoorg u[ry] o) Aremnqui, paweuup) €0-L1
u0)3urxe|

Y6’ L LY 9Tl €669 T ¢8 TO0T-1€-L  9SELIL 0E€LTTH  “10oMg AIAdY “0OIq U[IY 0) ATeINqLL], powreut ) C0-L'T
uo)3urxe|

L0 9%0 650 €6’y LE8 1T0 ¢8 T00T-1€-L  SPELIL TI9TTH ‘Peoy [[epuey “ooig auIA o) Areinqri], powreuun 10-L'T

panunuog)—uiseg lanly uasaysmeys
Ajjewuasad  (yuaossad)  (yuaaiad) - (yuaaiad)
nwip  ywi Buimoyy weans pue| sysodap (zit) uoneinp panias "'ON
eale 2o ~ 2o uoieson| pue aweu a)is-weans
1addn 1amo7  jo Anjiqeqoud )saloy |anelb pue abeures Moy} -qo ajeq apnufuoy apmue uonels
pajewn)sy joealy  pues jo ealry 1ea pajewn)sy

[sormw arenbs ¢ 1w {AoAIng 01301090 *S' M) ‘SOSN
fquinu “oN "000¢ ‘ZSol] pue sary :SLVLSINVAULS utodino Lrpiqeqoid-g¢-0 yim (z00g) PIOUYSIY pue juag :snjejs uonenbd snoiadad 7007 ‘0 J0quQd9(] UOISIAY :SNJe)s SUONE[NIAL PISIARY
Jurodino A)11qeqoid-96 () uo paseq :snjejs uonenba pasiady s weans e A[feruuarad Juimor) weans Jo Ajiqeqold 10J S[EAIIUL 90UPHUOD JuadIiad-Gg sy Jdddn pue Jamor| ‘uone)s Juiges-mojueans
Xopur £qIeau Je MO[JWEaI)s JOJ 9N[eA UOTeInp-mo[J [enbo 0] pownssy :uoneInp Mo[j pajewsy "SPuodds pue ‘SAINUIW ‘SodISIP U] :IPNIISUO] pue IpnjneT '/ 2SIy U0 UMOYS SIS WednS :'0u uone)s|

panuiuo)—:spasnyoesse) ul Ajjeluusaiad Buimoyy weasss e jo Aujigeqoad ayy Bunnewnsa Joy uonenba uoissalbial 013s160] 8y} Jo uoneaIIBA Ul pasn ‘goog Isnbny
Ajea ybnoayy Ajnp 83e| ‘spasnyoesse) ulalseayuou ‘uiseq JaAly uaaysmeys ayi ul Alo 10 umol Aq Sals Wealls pasIA-p|aly 404 uoijewloul Jaylo pue uondiasag

‘6 21qeL



91

Table 9

uojSUIWIA ‘19oNS

d d I I I I I I I I I S[eApIe[[eg “IOARY USQUSMEYS 0} AIBINgLI], pawreut)  $0-AX

d d d d d d I d d d d AIngsymay, 10ang apeuuld yoorg opeuuld  O[-NL
AIngsymay,

d d d d d I I d d d d ‘€1 AINOY Ae)S ‘puod sewry 0} Areinqu, paweuun)  §0-N.L
AImgsymay,

d I I I I I I I I I I ‘peoy pooma[dely ‘puod souwry o} AreInqrif, paweuuy)  £0-NL
AIgsymay,

d d d d d I I I I d d ‘M0 JOYIBAH 00Ig MOPEIN 0} ATeInqLiL, psweuuf)  90-NL
AIngsymay,

d d d d d d I d I d d ‘PrOY S[BA “JOALY USSYSMEYS 0} AIpInqLi] poweuu)  GO-NL
AIngsymay, ‘1eams

d d d I I I I I I d I BNOA[OH YooIq Iojep Suong o) AIeInqrif, powreuty)  $0-N.L
AIngsymay, 10ong

d d d d d I I d d d I eNRA[RH “Joouq Jojea\ Suong o) Arenquif, psweuuf)  ¢0-NL
JIOAOPUY YLION ‘(1] In0Y d1elS) 1021

d d d d d I I d d d d oyrduIn, “IoAry uaaysMey§ 01 ATeInquy, poweuu)  $0-SN
JOAOPUY [ILION ‘peoy

d d d d I I I I I d I A30ABA “IOARY USSYSMEYS 0) ATRINqLIL, pSweuu()  ¢0-SN
u0)3uIXa|

d d d d d d I d d d d ‘proy AS[[BA “YooIg Ul 0} Arenqu, paweuuny 0L
uol3urxa|

d d d d d I I d d d d 10911G 1A YooIg U[ry 0} Arenquy, paweuun)  Z0<L1
uoj3UIX|

d d d I I I I d d d I ‘prOY [[EPURY] YOOI SUIA 0} Arenqu, paweuun)  [OLT

panunuog)—uiseg Janly uaaysmeys
snje)s
08 58 06 56 86 66 Smels SIS ydess S smegs ‘oN
uonenbha suonejnfial uonenba uoneao| pue a)is wWeang
snomald  pasinay -odoy pasinay PeMesd0 uonels
(uoneinp mojjjuaaiad je smejs) S1VISINVIYLS sosn

[o1mur axenbs ;1w (AoAIng 01301000 S N ‘SHSN
froquinu “oN "000¢ ‘ZSL] pue sory :SLVLSINVAULS utodino Lrjiqeqoid-g¢-0 Yim (z00g) PIOUYSIY pue udg :snjeys uonenba snoisdiad ‘700z ‘07 JoquIood(] UOISIADY :SNJe)s SUONe[NIAI PIsIAdY
Jurodingd Apiqeqoid-96( uo paseq :snjejs uoryenba pasiAdy "91s weans e Afjeruuoiod Juimory weans Jo A1rqeqoid 10J S[EAIIUL 99UIPIFUO0D JuadIdd-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans
XOpul AQIeou e MOJJWEANS J0J dN[eA UOIIEINP-MO[J [enba 0] PAWNSSy :UOneINp MO[J PIJEWISF "SPUOOIS PUE ‘SAINUIW ‘SOITOP U :9pMISUO] pue Ipmpe | “/ 2InS1j U0 uUMOyS SIS WEedNS :*ou uone)s]

panuiuo)—:spasnyoesse) ul Ajjeluusaiad Buimoyy weasss e jo Aujigeqoad ayy Bunewnsa Joy uonenba uoissalbial 013s160] 8y} Jo uoneaIIBA Ul pasn ‘goog Isnbny

Ajea ybnoayy Ajnp 83e| ‘spasnyoesse) ulalseaynou ‘uiseq JaAly uaaysmeys ayl ul Alo 10 umol Aq Sals Weasls palsIA-plaly 404 uoijewloul Jaylo pue uondiasag

‘6 21qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

92

Amgxng
24 ST LT 1S 18 €6'LE 60’ 68 6661-90-8 91 S¥ 0L €0 S0 TH 10211§ QULay Yooig Surppnd 01 Aenqu, poweuun  Lg-Xd
Amgxn(
LY 4% eL or'19 00°00T (44 96 6661-S0-8 0l SPOL SPI0TY AL I01EMILA]D) YooId S[[EH 0} Arenqu, poweuun)  1¢-Ad
96’ 08’ 16 609 S92 <2 96 6661-50-8 60 SY 0L tE€10Th Amqxn(g ‘AL 1eMIed]) Yoord S[[EH  0¢-Ad
18 o’ €9y S8¥S 007001 1% 96 6661-S0-8 9SS 0L 0¢ 10 ¢y Amqxn( Jeang auld ooliq auld 0 Areinquy, paweuun)  Lz-Ad
18 144 ¥9 0S€L e8'¢8 14 68 6661-90-8 SYSYOL St e0Th Amgxn(g “eang ssaIsuo) yoorg auddy  9z-Ad
123 Sy oL 15708 Y6'17¢ €8 68 6661-90-8 61 S¥ 0L TT YO TY Amgxn(g 190§ uorun “jooiq auddy  Gz-Ad
88" 19 LL 81°CE Y18 81 96 6661-60-8 65 t¥P 0L 6£ 10Ty Amgxn( ‘onuaAy uwmny Yoorg s[leH  [Z-Ad
Amgxnq
76’ o LY S6'LE 007001 £ 96 6661-S0-8 80t¥ 0L LTCTOTY ‘prOY Se[og IeAR YINOS 01 AXeINgL, poweuu)  G-Ad
AmgxnQ
06 6S 8L LE6Y 007001 w 96 6661-S0-8 CC¥yOL +TT0Th 19211§ IO[PUBYD) “IARY YINOS 0} ATeINgLLf, powreuun)  ¢[-Ad
Kmqxn( ‘opeln
€6’ 9¢’ 08’ L1 00001 80’ 96 6661-S0-8 0S I 0L 0T I0TY peodrey p[Q ‘Aegq uois3ury] o) Kreynquif, powreuuny  g[-Ad
Amgxn(
06 €S oL 0¢°ST 00°00T 60’ 96 6661-50-8 O I+ 0L 81 10¢TH ‘peoy Aeg ‘Keq uoisSury o) Areinquiy, paweuun  [[-Ad
Amgxng
oL 124 LS 9Ty 1L°0¥ 148 96 6661-S0-8 CEYPOL 6C 10Ty ‘101G IIUIA YooIg Nesseq o) Arenqu, poweuun)  G0-Ad
68’ 1S YL yT1T 99'66 60’ 96 6661-S0-8 TI¥¥ 0L 6T 10TY Amqxn(g ‘g Anoy Aelg Noorg nasseqd  #0-Ad
AENNHI(Vg)
6L IS 99 61°9¢ 00 LT 96 6661-SI-L  ¥¥ 87 0L 9V €I TH V¢ amoy el ‘puod Ay o) Arenqrif, pawreuun)  O[<LD
6L0 850 0L0 IS°LY 000 170 96 6661-S1-L €€ LFOL 9E€ €I Ty 19Sseyo) 000§ UIRIN ‘J[ND dY[, 0) ATeIngLi], poweuun) (<L)
uiseg |ejseo? ynos
Ajjeruuaisad (Juaosad) m___“”“_ﬂa: - (Juaasad)
ywi  ywiy fuimopy weans pue| " P (atw) uonjeinp  paniasqo ‘ON
|1oneih eale 40 “s0 uo01JED0| PUE dWEU 3)IS-WEed]S
1addpn 1amoq o Anjiqeqoud )saloy Moy} ajeq  opnubuoq apnmmeq uonels
pue pues  abeureiqg
pajewnsy jo ealy 10 very pajewnsy

[soqruu arenbs ;1w iAoAIng [80130[090) *S'M] ‘SDSN
dequunu “oN ‘000 ‘ZS9L pue sory :SLVLSINVAYILS utodino Liiqeqord-g¢-o pim (Z007) PIOUYSIY pue juog :snjejs uonenbd snoidid ‘700 ‘07 10quado( UOISIAGY :SNJB)S SUoe[N3aI PISIARY
Jutodino Kipiqeqord-9g o uo paseq :snyeys uonenba pasiady -9is weans je A[jeruuaiod Juimor) weans jo Ajiqeqoid 10J S[EAIUI 93UIPIJUOI JU21dd-G6 :syruur] Jdddn pue 1amorT ‘uone)s Juides-mojueans
XOpul AQIeau J8 MO[JWERA)S 10J dN[BA UOIIRINP-MO[J [ENbd 0] PAWNSSY :UOHRIND MO[J PIJRWISH "SPUOIIS PUB ‘SAINUIW ‘SI2ISIP U] :9pMISUO] puR Ipmyne’] 'g 2In31J UO UMOYS SIS WEedNS *0N uone)s]

‘spasnyaesse|p ul Ajjeiuualad Buimoyy weals e jo Ayjigeqoad ayy Bunewnsa 1oy uonenba uoissalhial 913s160| 8y} JO UOIBIYLIBA Ul Pasn ‘gee| Jaqualdag
Ajdea ybnoayy Ainp-piw ‘spasnyaessel UI8ISEaYIN0S ‘uiseq [BISL0) YinoS ayl ul A19 10 umo) Aq Sals Wealls palisIA-p|al) 104 uoieWwIoUl Jaylo pue uonduasaq ‘gL 3lqelL



93

Table 10

KmgxnQ
d d d d d I d d d I d ‘1001g duaay] “Yoorg Surppnd o) Areynqu, paweuuy  L-Ad
AgxnQg
d d d d d I d d d d d “DALI( JoYEMIEI[D) Yooiq S[[EH 0} Arenqu, poweuu)  [¢-Ad
d d d d d d d d d d d Amqxn(q ‘oAu( 1eMIBA) ooId S[[EH  0¢-Ad
d d d I I I I d d d I Amqxn(g yeeng duld “yoorq auid 0} Arenquy, powreuu)  Lg-Ad
d d d d d d d d I d d Amqxn(g 1e0ng ssaISuo) oorg ouedy  9z-Ad
d d d d d d d d d d I Amqxn( ‘190§ uotU[) 0OIg UNY  GT-Ad
d d d d d I d d d d d £mqxn( ‘onueAy uwmny yoorq s[eH  1¢-Ad
d d d d d d d d d d d Amqxn(g ‘peoy se[og “TARY yInog o) Areinqu, poweuu)  G[-Ad
Amgxn(
d d d d d d d d d d I 1001§ I9[PUBYD) “IAATY YINOg 03 Areinqu, powreuu)  ¢[-Ad
apeln Amgxn(
d d d d d I d I I d I ‘peoifrey pIQ ‘Aeq uols3uryy o) Areinqrif, paweuun)  g[-Ad
d d d d I I d I I d d Amqxn( ‘peoy Leq ‘Aeq uois3ury] 01 Arenquiy, powreuun)  [1-Ad
Agxng
d d d d d I d I I d I ‘1000§ IAUIA oorg Nasseg o) Aremnqu, pouwreuu)  G0-Ad
d d d d d I d I I d d Amqxn( ‘¢g Anoy delg Noorg nassed  $0-Ad
Jasseyo)
d d d d I I d d d d d V¢ oy ael§ ‘puod Ay o3 Kremnqu, powreuuy  O[-LD
d d d d I I d d d d I 19SSEYOD) 1001 UIR ‘J[ND Y], 03 ATeInquy, powreuu)  $0-LD
panunuog)—uiseg |eiseos yinos
snjejs
snjejs
08 G8 06 56 86 6 SMES  con dew — smews oo ‘oN
uonenba y oiydesb uonenba uoneao| pue ays wealsg
snoinaig -ejnbas ‘odoy pasinay PeMesH0 uoneis
pasinay
sasn

(uonenp mojyjuaaisad je snpes) SIVISINYIYLS

[somur arenbs ;1w (AoAIng 01301000 SN ‘SHSN
froquinu “oN "000¢ ‘ZSoL pue sy :SIVLSINVAILS urodino Lipiqeqoid-g¢ 0 yum (z007) PIOUYSIY pue judg :snjejs uonenba snoradid ‘700z ‘0 1quiood(] UOISIADY :SnJe)s SUoe[n3AI PIsiAdy
quroding £i1qeqoid-96 () uo paseq :snjeys uonenba pasiady -ays weans e A[jeruuarod Juimory weans Jo A11qeqold 10J S[RAINUL 9OUIPIFUO0D JuadIdd-Gg sy Jdddn pue Jamor| ‘uone)s Jurdes-mopjueans

Xopur AQIeou Je MO[JWeans J0J dN[eA UOHEINP-MO[J [enbo 0} poWINSSY :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SONUI ‘SOISIP U] :apMIISUO] pue Ipnjne | ‘g IS U0 UMOYS SIS WENS *ON Uone)s]|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aujigeqolad syl Bunewnsa Joy uoirenba uoissaibial 211s160] 8y Jo uoneIILIBA Ul pasn ‘geeL Jaqualdas
Ajrea ybnoayy Ainp-piw ‘spasnyoesse|) UIa1SeayInos ‘uiseq |e1Seos yinos ayl ul A1o 1o umol Aq saus wealls palisIA-plaly 10} UOBWIOUI JBYI0 pue uonduasaq "0l d|qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

99

IoAOUBH

96 g8 6 8Ly ¥S°19 60'1 S6 6661-01-8 8CISOL +FLOCy  90MS IBPa)) “IARY IolemYULI(] O ATeInqU, pawreuun)  [H-3¥H
JIoAOUBH

16° LL 98’ €6'¢€S S8 I S6 6661-C1-8 ¥LISOL ¥SLOTF ‘1991 UOIU() “IOATY IoleMYUL(] O) ATeINqLL], poweuu)  6¢-¥H
JIoAOUBRH

gL €T 87 0T'¥¢ 00°00T 0’ S6 6661-CI-8 €CESOL T1L0Cy  “199NS IPAOURH ‘WeANS Youal] 0} ATeInqu], powreuu()  ¢-yH

96 8L 06 yTTe L8'66 LE S6 6661-C1-8  1S0S0L 90 L0CT¥ IoAOUBH 021§ UIBJN Yooiq SA[ON  8C-¥H

96 08’ 16’ LS8V 007001 9’ €6 6661-€1-8  60CS0L 0090 ¥ IoAOURH 1221G INUIA Yool Aomio],  SZ-YH

68’ 8y’ eL LL'6 00°00T L0 S6 6661-C1-8 01 ISOL 9% 90Tv I0AOUBH “10211§ A01D) “Yooid SA[[ON  TT-¥H
IOAOURH “QALI(]

€6’ 99 €8 89°C¢ 00001 1T €6 6661-€1-8  6€0S0L TE90TY 921, duld “IOATY] peaH ueIpu] 0} Areinqriy, paureuu)  G1-YH
IOAOUBH

LL 43 9¢° 1T°¢9 00001 I €6 6661-€1-8 65 6F 0L €£90TH  ‘OUET ALINET “IOARY PedH UeIpU[ 0) ATeInqLi], poweuun)  ¢[-YH
IOAOURH ‘19on§

€8’ (44 S 9¢es 00°00T1 el €6 6661-€1-8 Ly 6v 0L LTO0TY Kempeord “IoARy peaH ueIpu[ 0) Arenqu, poweuun  Z[-¥H
JoAOUBRH

[ 99 €8’ (48 %° 007001 1T €6 6661-€1-8 LYy 67 0L +190Cy ‘PeOy UdILY IOARY PedH UeIpU] O ATeInqu, pawreuun)  [[-YH
IoAOURH ‘1oonS

6L g 6S 98°1¥ 00°001 LO €6 6661-€1-8 0C0S0L 8I90¢TH Kempeord “IoARy peaH ueIpu[ 0) Areinqu, paweuun  O[-¥H
JoAOUBRH

6L g 6S 1L°8S 00001 I ) 6661-€1-8 8C0OSOL 67 SOCy 100Mg IJEAN TOARY PedH UBIPU] 0} ATeInqu, powreuun)  §0-¥H
IOAOUBH

€6’ 69 5 66'6¢ 00001 LT €6 6661-€1-8  €€6F0L 8090 TH 1921 INEA “IOARY PedH UBIpUJ 0) ATeInqLi], poweuun)  L0-¥H
AmgxnQ

¥6° oL 5 66'S¢ 00°00T LT 66 6661-€0-6 0¥ 0¥ 0L 6€ 10Ty  ‘Peoy 93pLured “IoARy ysyon[g o) AreingLif, poweuun)  ¢6-Ad
Amgxn(

L6'0  6L0 260 €9°0 007001 (44 96 6661-50-8 9 I¥ 0L 00 10¢C¥ ‘peoy Aeq ‘Aeq uoissury] o) Kremnqu, powreuuny  [H-Ad

panupuo)—uiseq [eiseo?) ynos
Ajjeluuaisad (waaiad) m___MM“_M& - (yuaaiad)
nwip  ywip  Buimopy weans puej " P (i) uoneinp  paniasqo ‘'ON
|1aneih eale “ <0 “ 0 UO0I}BI0| PUE dWeU A)IS-weans
1addn 1amoq o Ayjiqeqoad )saloy Moy} ajeq  apnubuoy apnmmeq uonels
pue pues  afieulesqg
pajewnsy jo ealy j0 BRIy pajewnsy

[somw axenbs ;1w (AoAIng (01301000 S N ‘SHSN
fIoquinu “oN ‘000¢ ‘ZSAL] pue sary :SLVLSINVAILS utodinod Ajiqeqoid-g¢ o yum (Z00g) PIRYYLIY pue juag :smyejs uonenba snoirdad 'z00g ‘07 12quiadd(] UOISIADY :SNJB)S SUONR[NSAT PISIARY

quroding Aiqeqoid-96 () uo paseq :snjeys uonenba pasiady -aus weans e Afjeruuorod Juimory weans Jo A1rqeqoid 10J S[EAIIUL 9OUIPIFUO0D JuadIad-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans
XOpur AQIeou Je MO[JUWEans J0J dN[eA UOeINp-Mmo[J [enbo 0} powINsSSy :UOHeINP MO[J PIJBWIISH "SPUOOIS PUE ‘SOINUI ‘SOITIP UJ :9pMISUO[ pue Ipnine | '{ IS U0 UMOYS SIS WeanS "oN uone)s|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 211s160] 8y1 Jo uoieIILIBA Ul pasn ‘pee| J8qualdas
Ajea ybnoayl Ainp-piw ‘spasnyoesse|) UI81SEaAYINOS ‘uiseq |e1SL0T YnoS ayl ul A1o 10 umol Aq S8)Is wealls palisIA-plal) 10} UoeW.IoUl J8Y10 pue uonduasaq "0l d|qeL



95

Table 10

JoAOUBRH
d d d d d d d d d d d 1001§ Tepa)) IOARY IajeMNULI(] 0) AreINqU, pawreuu)  [#-dH
IoAoueH
d d d d d d d d d d d 1091)§ UOTU[) ‘IOALY JoJeMNULI(] 0} ATEINqLIL, pawreuu)  6¢-YH
JOAOUBH
d d d 1 1 1 d d d 1 1 901§ JOAOUBH ‘Wean§ youal 0} A1einquy, paweuu)  H¢-YH
d d d d d I d d d d I TOAOUBH 90211§ UIBIA Yooiq SA[[ON  8C-¥H
d d d d d d d d d d d ToAOUBH 011G IOWIA “YOOIg AALIOL,  GZT-4H
d d I I I I I d d I I ToAOURH 001G 9A0ID) Yoord SK[OIN  7¢-dH
JOAOURH “QALI(]
d d d I I I d d d d d 921, duld ‘IO Pea uerpu] 0) AreInquy, powreuuf)  G1-YH
JoAOuRH
d d d d I I d d d d d ‘QUETT QLMET] IOARY PESH UEBIPU] 0) ATeInqu, poweuu)  ¢[-YH
JoAOUBRH Joobw
d d d d I I d d d d d Kemprorg ToARy peoH UBIpU 0) AXeInqu, poweuu)  Z[-YH
JoAOUBRH
d d d d d I d d d d d ‘PrOY USIEY] “IOATY PEH UeIpu] 0) AreInquiy, poureuun) [ [-dH
J9AOUBRH Joobw
d d d I I I I I I d I Kemprorg ToARy peoH UBIpu] 0) AXeinqu, poweuun)  O[-YH
JoAOUBRH
d d d d I I d I I d I 1001§ IoJEA\ “IOATY P UeIpu] 0) AreInquiy, powreuup)  80-YH
JoAoueRH
d d d d d I d d d d d 1091§ JOJEA\ “JOARY PESH UeIpu] 0) AreInquiy, pawreuun)  L0-dH
Amgxn(
d d d d d d d d d d I ‘proy A8pLIIed “TARY ysyan[g o) Aremnqu, poweuun)  ¢6-Ad
d d d d d I d I I d d Amqxn(g ‘peoy Leq ‘Aeq uos3ury o) Arenquy, powreuun)  [#-Ad
panunuo)—uiseg |ejseo) yinos
snjejs
snjels
08 58 06 56 86 66  SMES  qon dew — smels oo ‘oN
uonenba ; oiydesb uonenba uoieaIo| pue aIs weansg
snoinaig -ejnbas ‘odoy  peswoey paniasqQ uonels
pasinay
sIsn

(uoneanp mojjjuaaiad je snieys) S1VISINYIYLS

[somw axenbs ;1w (AoAIng [BO130[09D) S N ‘SDSN
foquuinu “oN "000¢ ‘ZS9L] pue sory :SLVLSINVAYULS utodino Lrjiqeqoid-g¢-o s (z00z) PIOUYSITY pue 1udg :snjejs uonenba snodid 'z00g ‘07 10quiood UOISIASY :SnJe)s suone[nsal pasiady
Jurodind Ajiqeqoid-96 () uo paseq :snjeys uonenba pasiady -aus weans je Afjeruuordd Juimory weans Jo A1rqeqoid 10J S[EAIIUL 9OUIPIFUOD JuadIad-Gg sy Jdddn pue Jamor| "uone)s Juides-mopjueans

XopuI AQIeau Je MO[JUWEans J0J dN[eA UOHRINP-MO]J [enbo 0} pOWINSSY :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SONUIW ‘SOITP U] :9pMISUO] pue Ipmine | ‘g AINS1J U0 UMOYS SIS WEINS "ON Uone)S]

panunuo)—:spasnyaessel ul Ajjeluuasad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalfial 911s160] 8yy Jo uoieIILIBA Ul pasn ‘el Jaqualdas
Ajrea ybnoayl Ainp-piw ‘spasnyaesse|) UI8ISEAYIN0S ‘Uiseq |BISEOT YInoS ayl ul A1o 10 umol Ag S8)is wealls palisIA-plal) 10} uoiew.loyul Jaylo pue uonduosaq "ol ajqeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

96

UOSUBH

oL 0¢ 123 96°¢tY 007001 90’ 08 6661-61-L SETSOL 8SH0OTH  199NG UBUNIYA ‘PUOd 10308 O) ATEINqLLL, powreuty)  9[-NH
uosueH

8¢ cr (14 SL'Y8 09°¢C 60 08 6661-61-L SSTSOL SSHOTH  192n§ UBUNIYAL ‘PUOd K10308,] 0) ATEINGLL], poweut)  +[-NH
uosuey

[43 S 43 Loy 00001 €T 08 6661-61-L ¥¥0S0L TEVOTY ‘1001§ Yyoorq ‘puod weyp[Q 03 Areinquy, pawreuur)  80-NH
uosuey ‘199n§

8¢ or 8T SL'8Y 00001 0 08 6661-61-L ¥SI1S0L 10S0¢Tr IOWUIAN YOOI PedH ueIpuf o) ATeinqrif, poweuun)  ¢0-NH
UOSURH “OALI(J

24 I €T €S9L LSOV 90’ 08 6661-61-L CTIISOL OI SOcTv auld PO “oo1g PedH ueIpuf 0} ATeIngLif, paweuun)  0-NH
UuosueH ‘192nS

99 (2 6 9609 7699 I 08 6661-61-L 1TISOL €IS0CTr ueing “yoorg pedH ueIpuy o) ATejnqrif, paweutn)  ¢0-NH
IoAOUBH

78 o 89’ 1Tss 00001 ST ¥6 6661-01-8 SYe€S0L LIBOCTY 10211§ 115G Yool UUBN 0} Areinquiy, paweuun)  G9-YH

e8 69 8L 8669 9T 09’ S6 6661-01-8 6CCS0OL 0€80¢Ch IoAoueH ‘peoy Anuno) “ooId [[MWL[SuryS  £9-¥H

78 LY LL 10°L9 YT ov 123 S6 6661-01-8 9€CS0OL 1€80CF IoAOUBH ‘QALI(J PUOd SNAYOBH ooIq [[IWA[SUlYS  ¢9-YH
JIOAOUBH

16° o €8’ [48°i% 89°¢L 6t S6 6661-01-8 91 TSOL 0S80 TH ‘PeOY POOMYOOIF ‘PUOd NXORH O) ATEINqLL], powreutn)  ()9-¥H
JI9AOUBRH

16° oL €8 VLY €T'6L 9¢ S6 6661-01-8 91 TSOL SS80Cy ‘PEOY POOMIEPI)) ‘PUOJ NOYOBH O} ATeInqu, powreuur)  6S-yH

78 <) L 0969 €5°6S 94 S6 6661-01-8 ¥STSOL 0¥ 80¢CK IoAOUBH 001§ 191SqRAN YooIq [[IWA[SUIYS  9S-YH
ISAOURH 1931

s 0T 143 90§ 00 or S6 6661-01-8 SY ISOL 0¥ 80¢CH weySulf[I ALY 1JeMULI( 0) AeIngu, paweuu)  0S-YH
IoAOUBH

SL e 09 8679 ST'vL LT g6 6661-01-8 01 CSOL T060°TH 10018 UTRJAl ‘Puod NYOrH 03 Areinqu, poureuu()  gy-¥H
JOAOURH

€80 090 €L’0 9L'6C €I'LT ¥T0 S6 6661-01-8 €SISO0L +¥C80Cy  199NS UIRIA “IOARY IoleMYULI(] O ATeINqU], powreuu)  SH-3H

panupuo)—uiseg [eiseo?) ynos
Ajjeluuasad (wuaaiad) m___MM“_M& - (yuaaiad)
ywip  ywip Buimopy weans puej " P (i) uoneInp  paniasqo ‘'ON
|1aneih eale “ <0 “ 0 U0I}BI0| PUE AWeEU A)IS-weans
1addn  1amoq o Ayjiqeqoad )saloy Moy} ajeq  apnubuo] apnmmeq uonels
pue pues  afieuleig
pajewnsy jo ealy j0 BRIy pajewnsy

[somw axenbs ;1w (A9AIng (01301000 S N ‘SHSN

SIaquinu “oN ‘(00T ‘ZSALL] pue sary :SLVILSINVARALS urodino Ljiqeqoid-g¢ o yum (Z007) PIRLYIIY pue juag :snjejs uonenbd snoradag '700g ‘07 Jquiada(] UOISIADY :SNJe)s Suone[ngar pasiaay
Jurodind Aiqeqoid-96 () uo paseq :snjeys uonenba pasiady -aus weans e Ajjeruuorod Juimory weans Jo A1rqeqoid 10J S[EAIIUL 9OUIPIFUO0D JuadI1dd-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans
Xopur AQIeou Je MO[JUWeans J0J dN[eA UoneInp-mo[J [enbo 0} powNssy :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SONUI ‘SOITIP UJ :9pMIISUO] pue Ipnjne | '{ IS U0 UMOYS SIS WeanS "oN uone)s|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8yy Jo uoieIIIBA Ul pasn ‘g6l Jaqualdas
Ajrea ybnoayl Ainp-piw ‘spasnyoesse|) UI81SEaYIN0S ‘uiseq |LISLOT YnoS ayl ul A1o 10 umol Aq S81Is wealls palisIA-plaly 10 UOIBWIOUI 1810 pue uonduasaq "0l @|qeL



97

Table 10

uosuey

d d d d d I d I 1 I 1 ‘100n§ uBUIYAL ‘Puod K1010e 0} Kremnqu, paweuun)  91-NH
uosueyq

d I I I I I I I I I I ‘10onS UBUNIYA ‘Puod A1030E4 03 Arengrif, poweuun)  +[-NH
uosueyq

d d d d d d d d d d 1 ‘1001§ YyooIrq ‘puod weyp[Q 03 Areinqu, powreuu()  80-NH
uosuey

1 I I I 1 I 1 I 1 I 1 100N§ IIUIA ooIg PeaH uerpuf o} AreInqu, paweuu)  G0-NH
UOSURH “9ALI(]

d d I I I I I I I I d auld PIO oorg PedH UEIpuf o) Areinquf, poweuu)  0-NH
uosuey

d d d d 1 I d I 1 I d ‘101§ uBILINg YooIg peay uelpu] 0) Arenqriy, powreuu)  ¢0-NH
IoAoueH

d d d d I I d d d d I 191§ J9ISGOA “YooIq UUEN 0} AIeInqri], paweuu)  §9-yH

d d d d d I d d d d 1 ToAoueH ‘peoy Anuno) “ooId [[IWL[SUlYS  ¢9-¥H

d d d d d I d d d d 1 ToAOURH ‘@ATI(J PUO SHAYORH ooIq [[IWA[SUlYS  Z9-YH
JoAOUBRH

d d d d d I d d d d d ‘PrOY POOMYO0IY ‘PUOJ NOYORH 01 ATeInqui], powreuu)  09-YH
IoAOUBRH

d d d d d I d d d d d ‘PrOY POOMIEPI)) ‘PUOJ WXORH 0} ATEINqLL], pawreuuy)  6S-YH

d d d d d I d d d d 1 ToAOUBH 001G 10ISqOAL YOoOoIq [[IWA[SUlYS  9S-YH
JOAOURH 191§

d d I I I I I I I I d WeySUI[[I TARY 1IeMYULI( 0) ATeINqLLY, poweuun  0S-YH
IoAOUBRH

d d d d 1 I d I I d d 191§ UTRIAl ‘puod NAYOEH 0 Aremnqu, pouwreuu)  gp-¥H
I9AOUBRH

d d d d d I d I 1 d d 1001 UTRA| “IOATY TJemyuLI(] 0} ATeinquf, poureuu()  Gp-yH

panunuog)—uiseg |eiseos yinos
snjejs
snjejs smess dew snjejs
08 G8 06 G6 86 66 suon snje)s ‘ON
uonenba : aiydesb uonenba uoieaon| pue ajis weansg
-enbas paniasqQ uonels
SNoIndlg -odo)}  pasinay
pasinay
sosn

(uonenp mojyjuaaisad je snyess) SIVISINYIYLS

[somur axenbs ;1w (AoAIng [eo1301000) SN ‘SHSN
SIoquinu “oN "000¢ ‘ZSoL pue sary :SILVLSINVAILS utodino Lipiqeqoid-g¢ 0 yum (z007) PIOYYSIY pue judg :snjejs uonenba snoradid ‘700z ‘0 1quiood(] UOISIADY :SnJe)s SUoe[n3aL pasiady
Juroding £11qeqoid-96-() uo paseq :snyeys uonenba pasiady -ays weans je A[jeruuarod Juimory weans Jo A11qeqold 10J S[RAINIUL 9OUIPIFUO0D JuadIdd-Gg :syrun] Jdddn pue Jamor| ‘uone)s Jurdes-mopjureans

Xopur AQIeou Je MO[JWeans J0J dN[eA UOHEINP-MO[J [enbo 0} poWNSSY :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SOINUI ‘SOISIP U] :apMIISUO] pue Ipnjne | ‘g IS U0 UMOYS SIS WENS *ON Uonels|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aujigeqolad syl Bunewnsa Joy uoirenba uoissaibial 211s160] 8y Jo uoneIILIBA Ul pasn ‘geeL Jaqualdas
Ajrea ybnoayy Ainp-piw ‘spasnyoesse|) UIa1SeayInos ‘uiseq |e1Seos yinos ayl ul A1o 1o umol Aq saus wealls palisIA-plaly 10} UOBWIOUI JBYI0 pue uonduasaq "0l d|qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

98

[[OMION

oL 123 €9’ 60'19 69°61 € 68 6661-0C-8 LTIY 0L ¥S60Cr 10018 13j1Ed “YooIg Auoig 0} Areinquiy, pawreuun)  GZ-IN

19 LT ey’ 66'6S 98°¢9 60 68 6661-0C-8 ST 9% 0L 8I10ITH [[oMION 1021 501D Yoorq Auol§  #Z-IN
[[PMION ‘Que] yooigq

oL s S 6L'T¥ €6'S LT 68 6661-0C-8 VvI8Y 0L 1TOICTY mno1], oorg SULLIOH puodag 03 Areinquy, powreuur)  [Z-IN
[[oMION

98’ 75 08’ 6879 ol 68’ €6 6661-€1-8 €87 0L S060Cr 901§ 1IN0 YooIg JeIP[IAL 03 AreanqrLiy, pawreuun)  9[-IN
[[MION

€9’ oy 43 8Y°LS 43! 4 38 6661-€2-8 1187 0L t¥L0OTH 19218 duld “oolq SULLIDH pIIY[, 0} ATeInqLL], poweuun)  4[-IN
[[PMION

L LS 99 01°89 79 123 €6 6661-€1-8 9T87 0L LI 607TK 1991§ 15210, ‘Y0oIg 1LIP[IA 01 ATeInqui], pawreuun)  ¢1-"IN

43 123 69’ 60°LS 8S°GL < €6 6661-€1-8 8587 0L 8S80CK [[PMION 19§ Juesed]d OoIg JBIPIM - CTI-IN
[[MION ‘1oonS

oL 0¢ 0s’ 6°0L L3808 el 68 6661-0C-8 1C0SO0L 1S60TH 1adsoid ‘dwremg ureld umg o) Arenguy, peweuun  L0~IN
[[PMION

ey 89 8L LYY 0691 6t 88 6661-€C-8 €T8V 0L 10LOTY ‘peoy Noorg MopedN Yoord Arouuel, puejedo)  ¢0-IN
PIRYYSIE

75 Sy’ 65 LS T¥ 00’ €T 38 6661-€7-8  €TSFOL ¥ L0TH ‘AL POOMAUOIS ‘PUO WEYNeQ 0) ATeInqLi], paweutn)  9¢-qN
PIPYYSTEIN

143 90" 98 LT'YY 86'S €0’ 88 6661-€C-8  LO9Y 0L LOBOTY 1291§ UoIU[) ‘Y0oIg 2A0)) 0} Arenqriy, pauwreuu()  Ge-IN
PRSI

65" g Ly 029 00 (14 88 6661-€C-8 STSYOL 9T80CK 10218 e YooIq 240D 0) ATeINqLL], powreut)  H¢- N
PIPYYSIEN

€9’ er 123 YT6¢ 00°00T (49 38 6661-€7-8 LS IFOL €T90TH  ‘PROY IPARY INOS “IOARY YINOS 0} ATeIngLi], poweuun)  9z-qN

8L 09’ oL 81°89 00 89" 88 6661-€C-8 SEVPOL LO 60TV PIPYYSIRIAL V€ N0 LIS Yoolq sdwey YeuueH [0-AIN
uoys3uryy

690 970 L¥'0 S0'89 9¢'98 01°0 S6 6661-1¢-8 87 S¥ 0L 9¢€00 T 1001§ ooy IPARY SAUO[ 0) ATRINQLLY, poweUU)  7Z-NM

panupuo)—uiseg [eiseo?) ynos
Ajjeluuasad (wuaaiad) m___MM“_M& - (yuaaiad)
ywip  ywip Buimopy weans puej " P (i) uoneInp  paniasqo ‘'ON
|1aneih eale “ <0 “ 0 U0I}BI0| PUE AWeEU A)IS-weans
1addn  1amoq o Ayjiqeqoad )saloy Moy} ajeq  apnubuo] apnmmeq uonels
pue pues  afieuleig
pajewnsy jo ealy j0 BRIy pajewnsy

[somw axenbs ;1w (A9AIng (01301000 S N ‘SHSN
foquuinu “oN "000¢ ‘Zs9L] pue sory :SLVLSINVAYULS utodino Kiqeqoid-g¢-o s (Z007) PIOYYSITY pue 1udg :snjejs uonenba snodid 'z00g ‘07 J0quiadd( UOISIAJY :SNJe)s Suone[n3al pasiady
Jurodind Aiqeqoid-96 () uo paseq :snjeys uonenba pasiady -aus weans e Ajjeruuorod Juimory weans Jo A1rqeqoid 10J S[EAIIUL 9OUIPIFUO0D JuadI1dd-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans
Xopur AQIeou Je MO[JUWeans J0J dN[eA UoneInp-mo[J [enbo 0} powNssy :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SONUI ‘SOITIP UJ :9pMIISUO] pue Ipnjne | '{ IS U0 UMOYS SIS WeanS "oN uone)s|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunnewnsa Joy uoienba uoissalbial 211s160] 8yy Jo uoieIIIBA Ul pasn ‘g6l Jaqualdas
Ajrea ybnoayl Ainp-piw ‘spasnyoesse|) UI81SEaYIN0S ‘uiseq |LISLOT YnoS ayl ul A1o 10 umol Aq S81Is wealls palisIA-plaly 10 UOIBWIOUI 1810 pue uonduasaq "0l @|qeL



99

Table 10

[[PMION

d d d d d I d d d d I 901§ Jo\IE] Y0OIg AUOIS 0) AIRINqUL, pawreuu)  SZ-IN

d d d I I I I d d I d [[PAION 1201 $501D) “Yooig AuolS  $7-IN
[[OMION] ‘QueT JyooIg

d d d d d I d 1 1 d d 01, “YooIg SULIGH Pu0ddg 0} KIeINqUL pawreuu)  [Z-IN
[PMION

d d d d d I d d d d d 90211§ 1NOIY) §ooIg 1LIP[IA 01 AIEINQU, powreuu()  9[-IN
[[oMION

d d d d I I d I I I d 901§ duIg “Y0o1g FULLIOH PAIYL 0) KIeINqU, pawreuu)  $1-IN
[PMION

d d d d d I d I I d I 90911 15910,] Y0OIE 1EIP[IA O) AreINquL, powreuun €[N

d d d d d I d d d d I [[9MION ‘1991 Jueses[d “ooig 1eoplim  TI-IN
[[OMION 19911

d d d I 1 I 1 d d I 1 10dsoid ‘dwemg ure[d Juing o) Areinqu, poweuuny  £0-IN

d d d d d 1 d d d d d  [PMION ‘Peoy YooIg mOpedly “Yoog Aruuel puejedo)  €0-IN
PIOYYSIE

d d d d I I d I I d d “OALI(] POOMOUOIS “PUOJ WEYEQ 0) AIBINQL, poweuu)  9¢-qIN
PIOYYSIE

I I I I 1 1 d I I I I 1091 UOIU[) YOOI 240D 0) KeINqU, paweuun  SE-AN
PIOYYSIE

d d d d 1 I d I I I d 90911§ YeQ Y0OIg 9A0D) 0) AIRINQLLL, PAWEUU[)  HE-IN
PIOYYSIEI

1 I 1 I 1 I I d d I 1 “PROY JOARY UINOS “IPARY YINOS 0) AreInquL, paweuun)  9z-AqN

d d d d d 1 d d d d 1 PIOLUSIEIA ‘Y€ 9INOY JBIS YOOI Sowed YeuueH (-

d d d d 1 I d d d I 1 u0)s3ury ‘1eon§ paoy ‘IOARY seuof 0} Arenquy, paweuu)  7Z-N3

panunuo)—uiseg [LISL0Y YOS
snjels
snjels
08 G8 06 %6 86 6  SMES  con dew — smews oo ‘oN
uonenba : aiydesb uonenba uoieo| pue 3)S Weang
snoinaig -ejnbas ‘odoy pasinay PeMesH0 uoneis
pasinay
s8N

(uonenp mojyjuaaisad je snyess) SIVISINYIYLS

[somur axenbs ;1w (AoAIng [eo1301000) SN ‘SHSN
SIoquinu “oN "000¢ ‘ZSoL pue sary :SILVLSINVAILS utodino Lipiqeqoid-g¢ 0 yum (z007) PIOYYSIY pue judg :snjejs uonenba snoradid ‘700z ‘0 1quiood(] UOISIADY :SnJe)s SUoe[n3aL pasiady
Juroding £11qeqoid-96-() uo paseq :snyeys uonenba pasiady -ays weans je A[jeruuarod Juimory weans Jo A11qeqold 10J S[RAINIUL 9OUIPIFUO0D JuadIdd-Gg :syrun] Jdddn pue Jamor| ‘uone)s Jurdes-mopjureans

Xopur AQIeou Je MO[JWeans J0J dN[eA UOHEINP-MO[J [enbo 0} poWNSSY :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SOINUI ‘SOISIP U] :apMIISUO] pue Ipnjne | ‘g IS U0 UMOYS SIS WENS *ON Uonels|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aujigeqolad syl Bunewnsa Joy uoirenba uoissaibial 211s160] 8y Jo uoneIILIBA Ul pasn ‘geeL Jaqualdas
Ajrea ybnoayy Ainp-piw ‘spasnyoesse|) UIa1SeayInos ‘uiseq |e1Seos yinos ayl ul A1o 1o umol Aq saus wealls palisIA-plaly 10} UOBWIOUI JBYI0 pue uonduasaq "0l d|qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

100

I8 09 I (48974 98'Y 6t 6 6661-€0-8 €09S0L TI80¢CH PUBO0Y ‘1001§ 20nIdg ‘Weang yduaL]  60-aY
PUB[O0Y

LY LY 6L r'8S 9¥°89 or 68 6661-70-8 ¥r¥SOL €790 Tr 001§ Sundg ‘weang youar o) Areynquy, paureuuny  90-Ad
PUBYI0Y

8L 123 LY or'ey 0€9¢ 8T 68 6661-70-8 LI ¥SOL SE90TH  I00MS IoWWNG ‘WLANG YOUAL] 0) ATEINgLLL, poweuu)  ¢0-ay
PUE[I0Y

8y’ 14 ce LETL Ly'e LT 68 6661-70-8 65 €S0L T SO Ty I00ng yooag ‘dwemg [[IH Yooog 03 AreingLif, paweuun)  z0-ad
PUEBO0Y

96 6L 06 ST'vv 00001 43 68 6661-70-8 €€ E€S0L €790Cy  199NS IoWWNG ‘WedN§ Youar] 0} Areinquy, paweuun)  [0-Ad

96 e8’ 6 69°LS €€°65 6¢'1 €L 6661-6C-L  STSYOL O SO¢Ty ayoiquiad ‘10ang Sutdg “oorg Suppnd  61-dd
yoIquIag

I 24 LS 6¢°6¢ 06°CE cr €L 6661-6C-L 6C6V 0L €SV0TH ‘peoy [[emo Yoorq dwremg o) Kremnquiy, paweuun  £[-dd
oIquIdg

06 19’ 6L ¥1°8¢ Y676 61" €L 6661-6C-L 9T 6V 0L 6C+0Cr 000§ wig oorq dwremg oy Kreanqu, powreuuny  O[-dd
NoIquIdd 19a1S

g¢ 144 8¢ 'Ly 8I'¢ce 80° €L 6661-6T-L ¥ 97 0L 9L $0TH  UOISUIYSEAY OOIg PUBIEJIIN O} ATeINqLL], powreuun)  60-dd

68’ 65 8L 98°6¥ 00°00T (74 €L 6661-6C-L  6€£9¥ 0L 6010 Ch oIquIad 121§ UOITUIYSEAY “YOOIF PUBLIBIIN  80-Hd
[[9MION 19a1S

gL 123 9 05°6S 09 9¢ 88 6661-€C-8 0€870L TELOTY Auegyiy, “Yoorq SurLoy paryy, o) Areinquy, paweuun)  Lp-IN
[[oMION ‘QueT]

LY o LS ¥0°9¢ 6C'S LT 88 6661-€C-8 LISV OL vE€LOTY pIeuoa oolg SULLIDY PIIY[, 0) ATeINqLL], poweutn) 94N

€6’ 6L LY 2099 06°SC o'l €6 6661-€1-8 CTI 6V 0L €7 80CH [[9MION QU JBOP[IA YOOIg 1BOPIIM  THIN

69 LT Ly 8¢€°L9 6£98 or €6 6661-€1-8 00 67 0L 9T 60T [[PMION 991§ UIRIA YOOI JBOPIIM €€ IN

160 8L0 980 86°GS YL Sy 6L°0 68 6661-0C-8 1097 0L €S60¢Cr [[PMION 1221§ UIBJN Yooiq AuolS 67~ IN

panupuo)—uiseg [eiseo?) ynos
Ajjeluuasad (wuaaiad) m___MM“_M& - (yuaauad)
ywip  ywip Buimopy weans puej " P (i) uoneInp  paniasqo ‘'ON
|1aneih eale “ <0 “ 0 U0I}eI0| PUE AWeU A)IS-weans
1addn  1amoq o Ayjiqeqoad )saloy Moy} ajeq  apnubuoy apnmmeq uonels
pue pues  afieuleig
pajewnsy jo ealy J0 BRIy pajewnsy

[somw axenbs ;1w (AoAIng (01301000 S N ‘SHSN
foquuinu “oN "000¢ ‘ZS9L] pue sory :SLVLSINVAYULS utodino Ljiqeqoid-g¢-o s (Z007) PIOYYSITY pue 1udg :snjejs uonenba snodid 'z00¢ ‘07 J0quiodd UOISIAJY :SNJe)s Suone[n3al pasiady
Jurodind Aiqeqoid-96 () uo paseq :snjeys uonenba pasiady -ays weans e Afjeruuorod Juimory weans Jo A1rqeqolid 10J S[EAIIUL 9OUIPIFUO0D JuadIdd-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans
XOpur AQIeou Je MO[JUWEans J0J dN[eA UOeINp-Mo[J [enbo 0} powINSSY :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SONUI ‘SOITIP UJ :9pMIISUO] pue Ipnjne | '§ IS U0 UMOYS SIS WeanS "oN uone)s|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold ayl Bunewnsa Joy uoienba uoissalbial 211s160] 8y1 Jo uoieIILIBA Ul pasn ‘pee| J8qualdas
Ajea ybnoayl Ainp-piw ‘spasnyoesse|) UI81SEaYINOS ‘uiseq |e1SE0T) YInoS ayl ul A1o 10 umol Ag S8)Is wealls palisIA-plal) 10 UOBWIOUI 1810 pue uonduasaq "0l @|qeL



101

Table 10

d d d I I I d d d d d PUEPOY ‘10ang onidg ‘weang youdld  60-AA
puepPROy

d d d d d I d I I d d ‘pang Suudg ‘weang youdxq o} Arenqu, paweuun  90-qy
PUBYO0Y]

d d d d 1 1 d 1 1 d 1 Joa1§ Jowwing ‘weang youal o) Areinquy, paweuu)  ¢0-Qd
PUePOY

d d d I I I d d d I I ‘001§ yooog ‘dwremg [[TH Yoo 0} Areinqu, poweuu)  Z0-ad
puepPROy

d d d d d d d d d d d Joa1m§ Jowwing ‘weang youal o} Areinquy, paweuun)  [0-Qd

d d d d d d d d d d d oyoIquad ‘pang Sutdg “oorg Sulppnd  61-Ad
oIquiad

d d d d I I d I I d d ‘peoy [[omo] Yooig dwemg 03 Arenquiy, poweuun)  L]-Hd
oIquad

d d d d d d d d I d I “Rang Wiy “Yoorg duremg o) Kreinqui, poweuur)  O[-dd
AJoIqUId] 19N

d d d I I I d d d I I UOISUIYSEAN “YOOIg PUBLIBIII 0} AremquiL, poweuu)  60-dd

d d d d I I d d d d d 0IqUId )RS UOISUIYSEAN OOIg PUBLRIOIN  80-Hd
[[PMION 1921

d d d d d I d I I d d Auegyiy, “Yoorq Surtoy paryy, o) Areinquy, paweuun)  Lp-IN
[[9MION] ‘Que|

d d d d I I d I I d d PIBUOST Yoorg SULLIDH pAIY], 0} AreingrLi], psweuun)  9p-"IN

d d d d d d d d d d d [[9MION “UBT JBOP[IAN YOOI IBOP[IM ¥~ 1IN

d d d d d I d I 1 I d [[9MION 19918 UIRIA JOOIg 1BOP[IM  €£€-IN

d d d d d d d d d d d [[MION 199N§ UIEIN “YooId Auol§  6Z-IN

panunuo)—uiseg |ejseos ynos
smejs
smejs
08 G8 06 G6 86 66 smejs suon dew smejs snje)s ‘ON
uonenba aydesf  uonenba uoneso| pue ais wWeans
snoineg -ejnbai lodoy  pesney paniasqQ uonels
pasinay
sosn

(uopeinp mojy Juaasad je smejs) SIVISINYILLS

[somur axenbs ;1w (AoAIng 01301090 SN ‘SHSN
froquinu “oN "000¢ ‘ZSoL pue sy :SIVLSINVAILS utodino Lrjiqeqoid-g¢ 0 yum (z007) PIOYYdIY pue judg :snjejs uonenba snoidid ‘7007 ‘0 JoquIood(] UOISIADY :SNJe)s SUOe[NIAL PISIAdY
Jurodinod A1qeqoid-96 () uo paseq :snjeys uonenba pasiady -aus weans e Aqjeruuorod Juimory weans Jo A1rqeqolid 10J S[RAINIUL 9OUIPIFUO0D JuadIdd-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans

Xopur AQIeou Je MO[JWeans J0J dN[eA UOHeINP-MO[J [enbo 0} poWINSSY :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SONUI ‘SOIFIP U] :9pMIISUO] pue Ipnine | ‘g IS U0 UMOYS SIS WEaNS *ON Uone)s|

panunuoj—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aujigeqolad syl Bunewnsa Joy uoienba uoissalbial 211s160] 8y1 Jo uoieIILIBA Ul pasn ‘pee| Jaqualdas
Ajrea ybnouayy Ainp-piw ‘spasnyoesse|) UI81SEaYIN0S ‘uiseq |e1SL0T Ynos ayl ul A1o 10 umol Ag S8)Is wealls palisIA-plaly 10} UOIIBWIOUI 1810 pue uonduasaq "0l d|qeL



Revised Equation and Procedure for Mapping the Probability of a Stream Flowing Perennially in Massachusetts

102

emIdS Ve

69’ 87 65 91°8S €0 eg €6 6661-91-L LI9Y 0L 9S T1TH QIMOY dAeIS YooIq SULLIH ISIL] 0} Arenquy, psweuun)  6[-HS
1L S4 8¢ LETY 9Tl 6l €6 6661-91-L €SSPOL STTICy  emidg ‘Kepy youerq Jno oy, o) Areinqu, poweuuny  L0-gS
QJeNIINg
98’ 99 8L §9°0¢ 01°sC (43 €6 6661-91-L  SO9¥ 0L 6£TI Ty  ‘Proy eo1eld urerde) ‘o dyf, 0 Areanquif, poweuun)  90-dS
S6’ 43 16 18°9C 81°¢T 98’ €6 6661-91-L 9L 9 0L 6STI Ty OEMIdS 10008 NO[[OH ‘J[ND AU, 0} AreIngLL], poweuun)  $0-dS
16 oL e8 oc'ey ILC1 08’ €6 6661-91-L 0CtvyOL SSIITY BMIOG “PROY WR( Ioavag Yoorg mes  [0-dS
PUEOY
96 6L 06’ Yov1 99°01 |75 €6 6661-¥0-8 1CSSOL 0€L0Th 021§ Ule[d ‘puod sA_[pmg 01 Arenqu, pawreuun)  Op-qy
S6’ 6L 06’ Y91 €TS8 LS 06 6661-€0-8  8I¥SOL +SLO0TY PUBYO0Y ‘121§ A11aqrT yoorg Surysn) - Oz-Ad
Y6’ oL 88 LE6Y 7688 0s” 6 6661-€0-8 9T PSOL SO 80CY PUEO0Y 1091§ 1AISqap “Yoorg Sutysn)  61-Ad
puePOYy
9¢0 810 SN0 9C'TE 000 LO0 86 6661-1¢-8  CTESSOL TSLOTY ‘ONURAY [UON ‘Puod sA9[pnig 0) Areanqriy, pawreuun) -y
panunuo)—uiseg |eiseo? ynos
Ajjeluuasad (yuaaiad) m___MM“_M& - (yuaaiad)
yuip  yun uimopj weans pue| " P (i) uoneinp  paniasqo "'ON
|1aneih vale <o “ <0 uo1ed0| pue aweu ajs-weans
1addn 1amoq o Ayjiqeqoad )saloy Moy} ajeq  apnubuo] apnmmeq uonels
pue pues  afieuleig
pajewnsy jo ealy j0 BRIy pajewnsy

[somw axenbs ;1w (AoAIng (01301000 S N ‘SHSN
foquuinu “oN "000¢ ‘ZS9L] pue sory :SLVLSINVAYULS utodino Kjiqeqoid-g¢-o s (Z00z) PIOYYSITY pue 1udg :snjejs uonenba snordid 'z00g ‘07 J0quiadd UOISIASY :SNJe)s Suone[n3al pasiady
qurodind Aiqeqoid-96 () uo paseq :snjeys uonenba pasiady -aus weans e Afjeruuoiod Juimory weans Jo A1rqeqoid 10J S[EAIIUL 9OUIPIFUO0D JuadI1dd-Gg sy Jdddn pue Jamor| ‘uone)s Juides-mopjueans
Xopur AQIeou Je MO[JUWEans J0J dN[eA UoneInp-mo[J [enbo 0} powINSSy :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SOINUI ‘SOIFIP U :dpMISUO] pue Ipnine | ‘g IS U0 UMOYS SIS WeanS "oN uone)s|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aljigeqold syl Bunewnsa Joy uoienba uoissalbial 211s160] 8y Jo uoieIILIBA Ul pasn ‘pee| Jaqualdas
Ajrea ybnoayl Ainp-piw ‘spasnyoesse|) UI81SEAYINOS ‘uiseq |e1SL0T) YnoS ayl ul A1o 10 umol Ag S8)Is wealls palisIA-plaly 10} UOBW.IoUI J8Y10 pue uonduasaq "0l d|qeL



103

Table 10

AemDS Ve

d d d I I I I I I d I 3N0Y QLIS Yooig SULLIDY Is1L 03 Arenqri] poweuun)  61-HS
d d d d d I d I I d I Mg ‘Aepy youerq Jno AY[ 0) AreInqLiL, powreuty)  L0-AS
91eN)I0S
d d d d d I d d d d d ‘peoy 20101d urerde) o oy, o) Aremnqu, psweuuy  90-dS
d d d d d d d d d d d Q)emIOS J001S WA[[OH JND Y, 0} AXeINqU, poweuu)  $0-dS
d d d d d I d d d d 2)BMIOG ‘prOY WR( JoARSY YooIg JImes  [0-dS
PUBO0Y
d d d d d I d I I d d ‘Jang ure[d ‘puod SAI[pmIS 01 AreInqu, poweuu)  Op-ay
d d d d d I d d d d d pueo0y ‘RRang Auaqr Yoorg Surysn)  0Z-AY
d d d d d 1 d d d d d PUBPD0Y 10aN§ 1aIsqop Yoo Surysn) 61~
PUBO0Y]
d I I I I I I I I I I ‘ONUAAY [LION ‘Puod SA[pS 0) ATeInqLif, powreuun) O~
panupuo)—uiseq [eIseo?) ynos
snjejs
snje)s Smels dew snjejs
08 G8 06 G6 86 66 suon snje)s ‘ON
uonenha oiydesb uonenba uoneso| pue ais wWeans
-enbas paniasqQ uonels
SNoInadlg -odo)}  pasinay
pasinay
sasn

(uonenp mojyjuaaisad je smeys) SIVISINYIYLS

[somur axenbs ;1w (AoAIng (01301000 SN ‘SHSN
SIoquinu “oN "000¢ ‘ZSoL pue sy :SIVLSINVAILS utodino Lipiqeqoid-g¢ 0 yum (z007) PIOUYSIY pue judg :snjejs uonenba snoradid ‘700z ‘0 1oquidod(] UOISIADY :SNJe)s SUO[NIAL PISIAY
qurodino £i1qeqoid-96 () uo paseq :snjeys uonenba pasiady -ays weans e A[jeruuorod Jurmory weans Jo A11qeqold 10J S[RAINIUL 9IUIPIFUO0D JuadIdd-Gg :syrun] Jdddn pue Jamor| ‘uone)s Jurdes-mopjureans

Xopur AQIeou Je MO[JWeans J0J dN[eA UOHeINP-MO[J [enbo 0} poWINSSY :UOHEINP MO[J PIJBWIISH "SPUOOIS PUE ‘SOINUI ‘SOISIP U] :apNIISUO] pue Ipnjne | ‘g IS U0 UMOYS SIS WEdNS *ON Uonels|

panunuo)—:spasnyoesse) ul Ajjeluuaiad Buimoyy weasis e jo Aujigeqolad syl Bunewnsa Joy uoirenba uoissalbial 211s160] 8y Jo uoneIIIIBA Ul pasn ‘geeL Jaqualdas
Ajrea ybnoayy Ainp-piw ‘spasnyoesse|) UI81SeaYINOS ‘uiseq |e1Se0] Yyinos ayl ul A1o 1o umol Aq $a)s wealls palisIA-plaly 10} UOBWIOUI J8Y10 pue uonduasaq "0l d|qeL






Appendix 1. Summary Statistics for Selected Logistic
Regression Analyses Tested for Use in Development of an

Equation for Estimating the Probability of a Stream Flowing
Perennially in Massachusetts
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