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Used to determine wastewater discharges

Used in MassDEP water-supply permits

Used in Massachusetts Drought Management Plan

20+ years of additional sireamflow data since Low-
dy by Ries and Friesz (2001)

erages available fo test as




« Update selected streamflow statistics at selected USGS
sfreamgages

* Analyses potential long-term frends in the annual 7-
day low-flow at selected USGS streamgages

« Compute basin, land-use, and climatic characteristics
ose selected USGS streamgages




 Stafistics done for all unregulated and regulated
sfreamgages in southern New England

« Regionalregression equations will use “unregulated”
gages

wregulated gages (i.e. litftle to no regulation) are




* 149 with 10+ yrs of
record

7 — southern NH, 4 — southern VT, and 15 eastern NY)



a USGS Integrated Water Availability Assessments

Surface Water Flow Trends in the Nation's Streams and Rivers
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Low-Flow Trends

Trends in annual mean 7-day minimum flows, 1990-2020 (30 Years)

L

T~ S~ __~=-—n=27 study sites

Trends in annual mean 7-day minimum flows, 1950-2020 (70 Years)

Trends in annual mean 7-day minimum flows, 1970-2020 (50 Years)

L2

" M\J n = 23 study sites

A .

Trends in annual mean 7-day minimum flows, 1930-2020 (80 Years)

L0

~ 5 7. _~n=15studysites

L0

~ n = 2 study sites

>
Clear decreasing or increasing trends are not apparent spatially or overtime < USGS
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Trends in annual mean 7-day minimum flows, 1950-2020 (70 Years)

Discharge (ft°/s)

ZUSGS
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Low-Flow Trends

PARKER RIVER AT BYFIELD, MA
Year Startina With April 7-dav minimum

- =
O = N W s~ OO N 2O O =

1950 1980 1970 1980 1990 2000 2010 2020

slope is -0.8%,

2030

total change over 70 years is -0.5 cfs

WEST BRANCH WESTFIELD RIVER AT HUNTINGTON, MA

Year Starting With April 7-day minimum

0
1850 1960 1970 1980 1990 2000

slope is 11%,
total change over 70 yearsis 7.8 cfs

2010 2020

2030

Discharge (ft*/s)

Discharge (ft*/s)

/olch neo er 70 eors is 1.1 cfs

PRIEST BROOK NEAR WINCHENDON, MA
Year Starting With April 7-day minimum

N W s O N @ ©

-

U it
1950 1960 1970 1980 1990 2000 2010 2020 2030

slopeis 1.6%,

NORTH RIVER AT SHATTUCKVILLE, MA
Year Startina With April 7-dav minimum

0
1850 1960 1970 1980 1990 2000 2010 2020 2030

slope is 9.9%,
total change over 70 years is 6.9 cfs



Annual flow durations (10) Monthly 50- and 90-percentile (8)

« 50-percent « June

« 60-percent o July

« /0-percent « August

« /5-percent « September

« 80-percent

e Aquatic Base Flow (median of

the monthly means) (3)
* February

Analyses through water year and climatic year 2022



FLOW DURATION CURVE - EXAMPLE
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EXPLANATION
—{@— Adamsville Brook at Adamsville, Rhode Island (01106000) water years 1941-1978
—@— Beaver River near Usquepaug, Rhode Island (01117468) water years 1971-2006

(.t r - + ;£ ;. ++ - 1 [ [ |
0.1 05 1 2 5 10 20 30 40 50 60 70 8 90 95 98 99 995 999

Percentage of time mean daily streamflow is equaled or exceeded

Figure 6. Flow-duration curves at the streamgages Adamsville Brook at Adamsville, R.I. (01106000), and Beaver River near 'f‘?é USGS
Usquepaug, R.I. (01117468). o
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LOW-FLOW FREQUENCY CURVE - EXAMPLE

1,000_ T T T 1 1 T T 1

O Yearly Observed LO07
- Log-Pearson Type lll Frequency
Upper Confidence Limit
Lower Confidence Limit

SWSTATS5.0 run 2023-12-2
Mean: 36.318

Standard Deviation: 20.465
Skew: 1.1918

99 95 75 50 20
ANNUAL NON-EXCEEDANCE PROBABILITY, PERCENT

Station - - % USGS
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« Used common characteristics from otherrecent regional
regression equationsin the northeastern U.S.

« Basin Characteristics

« Drainage area

« Mean basin slope

 Min., max, and mean basin elevation
eam length

ZUSGS
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STREAMFLOW VARIABILITY INDEX (SVI)

Percentage of ime indicated streamflow is equaled or exceeded

95 oy —
I8

1s the streamflow-variability index,

1s the ith percent duration streamflow (i=3,
10, 15, ...95), and

15 the mean of the base 10 logarithms of the
19 streamflow values at 5-percent class
intervals from 3 to 95 percent on the
flow-duration curve of the daily mean flow.

ZUSGS
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Koltun and Whitehea
related the estimated 7Q10 at low-pa
SVIin Ohio and Kentucky, respectively

Ries and Friesz (2001) estimated flow-durations for the 50-95t"
for over 100 low-flow partfial-record stations /

Bent and others (2013) estimated flow durations for the 50-
95t for over 50 low-flow partial-record stations in Rhode
Island and nearby in CT and MA

Thus, this allowed the inclusion of another 150+ sites |
developing an SVI map for southern New England

USGS

for a changing world
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SVl using flow-durations from the 5-95

Relation of SVI'scomputed using flow-durations from the 5-95
percent to the 50-925 percent

1.20

1.00 !
0.80
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-
8060
O y [ 0.9857x06582
Q —
R? = 0.9583
0.40
0.20
oo b o 4~ .
0.00 0.20 (OR10] 0.60 0.80 1.00

SVI using flow-duration from the 50-925 percent
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SVI MAP
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REGRESSION ANALYSES

**¥* Tinear Model *#*%*

Call: Ilm(formula = log.95fd ~ log.darea + log.SVI, data = POR.FD.REGRESS
Residuals:
Min 1Q Median 30 Max
-0.8332 -0.1978 0.001687 0.1844 0.6944

Coefficients:

Value Std. Error t wvalue Pr(>|t])

(Intercept) -2.2140 0.2468 -8.9725 0.0000
log.darea 1.2566 0.0529 23.7444 0.0000
log.SVI -2.6280 0.7545 -3.4830 0.0008

Rgsidual standard error: 0.286 on 78 degrees of freedom
1:1p1e R-Sguared: 0.8887 Adjusted R-squared: 0.8858
F—-statistic: 311.3 on 2 and 78 degrees of freedom, the p-value i=s 0 science for a changing world




EXAMPLE EVALUATIONS
OF REGRESSION ANALYSIS PLOTS

T
0

Fitted  log darea + o9 SV

Fitted : log darea + log. SVI

Residuals
Cook's Distance

..|||.||||.’|
’ 2 USGS
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Streamflow
variability

index (SVI)
(unitless)

SSURGO
W hydrologic soil

Flow drainage typesA andB
Duration area (mi?) (%)

Intercept Adj. R2 RMSE (%)

50 1.0090 0.1306 - 0.1688 0.9846  17.85
40 1.0248 0.1345 - -0.3352  0.9808  20.35
70 1.0612 0.1424 - -0.5718  0.9716  26.11
75 1.0668 - 14915  -0.9663  0.9675  31.70
80 1.0957 - 1.8698  -1.2460 0.9602  37.78
85 1.1285 - 22595  -1.5491 0.9479  46.03
90 1.1685 - 2.7577  -1.9153  0.9345  56.20
o5 1.2276 - 3.4435  -2.4195 0.9078  75.45
08 1.2923 - 41659  -2.9471 0.8721  103.33
99 1.3474 - 47437  -3.3388  0.8462  130.70




Predicted versus Observed Streamflows
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Estimating Streamflow Data at STG and PRS —
SE Mass and Cape Cod

+ Data
= WMOWVE1 Ling

== MOVE1 Line

z
a
=4
=]
g
2
2
=
f
>

14 16
X: Station : 01105870 Log10(Flow)

Data and MOVE.1 Line for station: 01105835 by station: 01105870 R =0.881

USGS
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MOVE.1 Eq.: Log10[Yi) = 0.279578038766389 + 1.1377237155265 Log10fXi)



GW Contributi
Nng GW models:

a USGS
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« Groundwater contributing area
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Regression Analyses — SE Mass and Cape Cod
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Storage
GW (water bodies

Flow contributing + wetlands)
Duration area (mi?) NLCD16 (%) Intercept Adj. R? RMSE (%)

50 0.8088 -0.2140 0.6652 0.8488 33.65
60 0.7985 -0.2852 0.6952 0.8215 36.92
/0 0.7669 -0.3742 0.7703 0.7885 39.53
75 0.7830 -0.4406 0.7961 0.7797 40.69
80 0.7771 -0.5167 0.8590 0.7636 41.53
85 0.7924 -0.6112 0.9042 0.7389 44.46
90 0.8058 -0.7522 1.0083 0.7094 46.60
95 0.8434 -0.9102 1.0805 0.6713 51.57
98 0.8800 -1.0160 1.0875 0.6460 56.88
99 0.8478 -1.0728 1.126]1 0.5970 61.95

710 . =USGS

science for a changing world




Predicted versus Observed Streamflows —

SE Mass and Cape Cod

99-percent flow duration

equation, in cubic feet per secon

50-percent flow duration

Streamflow estimated from regression

in cubic feet per second

1.00

Streamflow estimated from measured streamflow, in cubic feet pel .2

equation,

Streamflow estimated from regression
=

10.00
Streamflow estimated from measured streamflow, in cubic feet per second




« USGS Scientific Investigation Report
« USGS Data Releases
« USGS StreamStats

%USGS StreamStats M Report @ About 2 Help
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Thanks to Viki Zoltay, Kate Bentsen, and-Julie
Builer who provided input throughout the project %

USGS Team:
Liz Ahearn, Alex Butcher, Carl Carlson, Jenn Fair, Nina
Lobrie,_CoroIine Mazo, Tim McCobb, and Luke S’rur’reyqn’rg
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