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The need for streamflow time series

Streamflow time series are essential information for many types of analyses
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Water quality monitoring
and modeling

Water management
decisions

Water quantity
modeling
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Photographs from http://www.labsafety.com/Nalgene-Environmental-Sample-Bottles 24545938,
Zarriello. P.J. and Reis, K.G., 2000, and Waldron and Archfield , 2006. 2 of 40



Obtaining streamflow information

The need to estimate streamflow at ungaged catchments is
SO important that the International Association of Hydrological
Sciences has undertaken a 10-year initiative (2003-2012)
termed Predictions in Ungaged Basins (PUB) to develop new

"!“'USGS methods and insights into this issue.
a (http://pub.iwmi.org/Ul/Content/Default.aspx?PGID=0)
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The USGS and flow estimation at ungaged catchments

" The USGS is a leader in estimating and serving streamflow
iInformation at ungaged catchments across the United States

o ey -
Ty +*.'__
= ,]_-,j.
NHDPlus ;
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Recent motivations for daily streamflow time series

The Natural Flow Regime

Published in: Bioscience, December 1997

A paradigm for river conservation and restoration

N. LeRoy Poff, J. David Allan, Mark B. Bain, James R. Karr, Karen L. Prestegaard,
Brian D. Richter, Richard E. Sparks, and Julie C. Stromberg

The “Natural Flow Regime” is comprised of five characteristics:

Magnitude
Duration
Timing
Frequency
Rate of change
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Slide adapted from Colin Apse, The Nature Conservancy
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Topics for discussion

1. Existing methods to estimate daily
streamflow time series at ungaged
catchments

2. The Map Correlation method: An
enhancement to existing methods

. Integration with a water-availability
decision-support tool and other
applications
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5 Wicrosoft Excel - SustainableYieldEstimator_v1.4_7.xls

Project name:
Archiap fles are located in: C\Documents 33 SeingsisarchiDesHopYERevionsd32506
nosisa 1opS

Controls

Compute Unimpacted | | Review Water-Use.
Streamiow Data
Compute Impacted || Compute Sustainable
Streamfows Yield

Application Overview
Blus worksheet tabs denote worksheets related to the estimation of unimpacted flvs.

Yellow workshset tabs denote work clated to the estimation of sustainable yield and fow stais
eyl worksheet tabs denote workshests with summary information about the scenario.

Methods and documentation
Forinformation on the methods used in the Sustainable-Yield-Estimator application, please ses:
. Vogel, RM., Steeves, P-A. Brandt, SL. ¥ PW..‘and Garabedian, S P., in prep.
m to estimate

reamfow at ungaged
ey Scientiic-imestigations Report 09-

Contact
Stacey Archfied, Hydrologist
Massachusetts-Rhode Island Water Science Center
USS. Geological Sunay

10 Bearfoot Road

Northborough, MA 015

(508) 490-5072

sarch@usgs gov

6 of 40



Existing methods to estimate streamflow time series
using a reference catchment

Drainage-area ratio

Scaling by the at-site

mean and variance
(Hirsch, 1979)

Non-linear spatial

=
. . O
Interpolation 2| Estimate flow- | Ohtdin flowiseries
(Fennessey, 1994, Smakhtin, 1999; 3| duration curve from reference
Smakhtin et al. 1997, Mohamoud, Z b dage

2008; Archfield and others, 2010) EXCEEDANCE TIME

=< USGS
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Non-linear spatial
Interpolation method

(continued)

REFERENCE
GAGE:

UNGAGED
CATCHMENT:

=< USGS
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From Archfield and others, USGS SIR, 2010; adapted from Fennessey, 1994
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Existing methods to estimate streamflow time series

using a reference gage

Estimate_flow-

duration curve
A Y

STREAMFLOW

EXCEEDANCE
PROBABILITY

=< USGS

Obtain flow\series
from reference

gage

TIME

In practice, the nearest gage is used
as the reference gage.

If even a few streamflow data points
are known at the catchment of interest,
one would use the correlation between
the streamflow values.

STREAMFLOW
STREAMFLOW
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Relation between distance and correlation

Streamflow values have a 30-
year period of record extending
from October 1, 1967 through
September 30, 1997.

No major water withdrawals,
discharges or return flows in
the basin and the predominant
land cover is forest.

=< USGS
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Relation between distance and correlation
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Selecting a reference catchment:
Distance versus correlation
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We applied the drainage-area ratio
at each study streamgage using
the nearest and most-correlated

streamgage

Selection of most correlated
streamgage resulted in
a highar Nash-Sutcliffe

efficiency value

Selection of nearest streamgage
resulted in a higher Nash-Suleliffe
efficiency value
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Relation of goodness of fit to correlation

Correlation can also provide an
uncertainty measure for the
estimated streamflows;
distance does not.
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Topics for discussion

1. Existing methods to estimate daily
streamflow time series at ungaged
catchments

2. The Map Correlation method: An
enhancement to existing methods

crosoft Excel - SustainableYieldEstimator_v1.4_7.xls
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3. Integration with a water-availability

Project name: test 100508
Avclap fies are located in: C1Documents and
Water-use datat

decision-support tool and other
applications

ication Overview
ﬁwumsneet tabs denote workshests related o the estimation of unimpacted flows.
worksht tabs danata workshats related to the estimation of impacted fows.
Yollow worksheet tabs danote worksheats related to the estimation ofsustainable yild and flow statstcs.
IR oot tab denots werksheets with summeary information abou the scenari.

tation

Forinformation on the methods used in the Sustainable-Yield-Estimator application, please ses:
Archield, S A. Vogel, RM., Steeves, P A, Brandt, S L., Weiskel, P.W.. and Garabedian, S P.,in prep..
“The Massachuselts Sustainable-Yield Estimator. A decision-support system to estimate.

continuous daiy streamfow & ungaged sites in Massachusstls
! US. Geological Suney Scientifc-nvestigations Report 09:000X. XX p.
e Contat
o Stacey Archfeld, Hydrlogist
Massachuselts-Rhode Isiand Water Science Center
U Gedlogical Suney

10 Bearfoot Road
Northborough, MA 01532
(508) 4905072
sarch@usgs gov




The Map-Correlation Method

Each point on the map is

the Pearson r correlation

, between the natural

. logarithms of the
S streamflows at BURL and

another gage.
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Selection of an index-streamflow gage -- continued

We can obtain estimates of correlation between our ungaged site and
each of the index-streamflow gages in the study area.

Estimated R? between
ungaged site and the
GREC gage = 0.882

We will use the GREC gage to
transform the flow-duration
curve to a time series of flows.

=< USGS

16 of 40



How well does it work?
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streamgage by map correlation
resulted in a higher Nash-Sutcliffe
efficiency value
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Extension to other existing methods:
Regionalization of model catchment parameters

GAGED UNGAGED
CATCHMENT CATCHMENT
=

. O Al
Rainfall-runoff model S Zo
with parameter set: n AN b

(61, O, ..., O] E / ~N
4 >~

-
= USGS S
PENNSTATE
From Archfield, Singh, Wagener and Vogel, in review In collaboration with: IH;E



Hydrologic similarity

" As a proxy for hydrologic similarity, the literature has explored the use of
the closest catchment or a catchment with similar physical properties
(area, geology, etc.) as criteria to select the donor catchment

- However, these approaches have been met with inconsistent success

precipitation

snow

Slope

watershed divide

=< USGS

Watershed diagram from: http://www.depweb.state.pa.us/justforkids/lib/justforkids/watershed.jpg 19 of 40



Correlation as a criterion to select a donor catchment

We hypothesize that the correlation in
daily streamflow between two
catchments would be an improved
metric of hydrologic similarity

STREAMFLOW
STREAMFLOW

TIME

=< USGS
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A case study in the mid-Atlantic U.S.
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bg*J Sa*

drainage

Model has 10 parameters

Calibrated using the SCE-UA
Algorithm with fixed ranges
on the parameters values

Model simulates daily
streamflow from 1980-1989
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The experiment and results
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Use of correlation for parameter transfer
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Topics for discussion
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. Integration with a water-availability it e eemeee et

Project name
Aschliap fles are locate
Water-use database I

decision-support tool and other

Unimpacted
Streamiow

applications

Application Overview
lue worksheet tabs imation of unimpacted fiows.
Bink vorkshest tabs dar imation of impacted fows.
Yellow worsh imation of bl yield and flow

Methods and documentation

For information on the or applcation, pleas:

Steaves, PA. Brand:, L., 1 ‘and Garabedian, S.P., in pr
Sustainable-Yield Estimator. A decision-support system to estimate

continuous daily streamflow at ungaged sites in Massachus
USS. Geological Suney Scisntfic-Investigations Report 09-XX
=, Contact
tacey Archield, Hydrologist
Massachusetts Rhode Isiand Water Scien
S Geological Suriey

10 Bearfoot Road
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The Massachusetts Sustainable-Yield Estimator

2|\ A

2| Flew-duration FloW series from

% curve — | reference gage

Vo/ N
EXCEEDANCE TIME
PROBABILITY

Unregulated streamflow
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Estimating unregulated streamflow

(\ ()

Estimate basin Solve the regression
characteristics g equations

\l/ In(Q50) = a, + b, * (In(Area))
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From Archfield and others (2010)
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Cross-validation of results
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Observed and estimated streamflow (best and worst)

Hubbard River near West Hartland, CT (Best case)

—— Estimated streamflows —— Estimated streamflows
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Burlington Brook near Burlington, CT (Worst case)
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The Massachusetts Sustainable-Yield Estimator

Water-use adjusted
streamflow

=< USGS
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Estimating regulated streamflow

location
‘cay

Regulated streamflow, = Unregulated streamflow,

— X' (Surface-water withdrawals,)
— 2’ (Ground-water withdrawals,)

+ 2 (Ground-water discharges,)
+ 2 (Return flows,)

=< USGS
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The Massachusetts Sustainable-Yield Estimator

The Massachusetts Sustainable-Yield Estimator

(Decision-support tool)

=< USGS
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Point-and-click GIS user-interface

= SYEvipt4.mxd - ArcMap - Arcinfo

Terrain Preprocessing > Ter

VAR NEES ) B®

Ele Edit View Insert Selection Tools Window Help

rain Morphology > Watershed Process

ing ™  Attribute Tools ™  Metwork Tools ™ ApUtilities ~ ':i £ @ 53 ‘IE m B # Hep A | Search | Z

d‘/ 1:241.341 hd :s.fZ @ % a2 Geostatistical Analyst

-1 £F Layers
+ dendrite_all
= Sub-basins
+ MA Towns
[Z] Annotation - Hydrography
+ 1:25,000 USGS Hydrography
# [ 1:25,000 USGS Hydrography
+ wateruse_pnts
# O Pws_sources 042208
# [ centroid
#
# bl Global Iu tershed
# O huc_net_Junctions

Users begin by opening an D e g
ESRI ArcMap document and L 8
locating the stream of interest.

= g65902. tif
= O al_ow_g
# O al_wet_g
# [ forest_g

# [0 surfgeo_g
# O tempmax_30y

ZUSGS

[X] | Streamstats Setup 9 [® )
shapefile @ Expart map

Sustainable-Yield Estimator
V= set folder and file locations

@ Export files f Export basin as

OpenSocket Delete Al PreproTools » @

The user clicks on the stream Tbeaﬁon to deCW]eate angyy s s
on-the-fly watershed, comp&te basm ch’ara teristics, / i

and query the water- use databaée j@r pmﬁts Wlthm fhze
watershed.

Users also have the option to
export a map and shapefile of
the study area.
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Navigating the tool

& test100508
File Edit Wew Favorites Tools Help

O Back - > ir /.- ) search Folders Ev

Address || C:\Documents and Settings\sarch'Desktop'\SYERevisions032508\test 100508
| MName
| test100508_gisfiles
| test100508&_scenarios
test100508 shapefile
2] test 100508, xls

File and Folder Tasks &

7 Make a new folder
@ F‘ubllsh this folder to

All relevant data is stored in
a user-specified location
and project folder.

A master Microsoft Excel file
guides the user through the
post-processing, graphing and
reporting of the results.
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Microsoft Excel - SustainableYieldEstimator_v1.4_7.xls

IE_] File Edit View Insert Format Tools Data Window Help Adobe PDF
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Welcome to the Massachusetts Sustainable-Yield Estimator Version 1.4
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Project name: test100508
ArcMap files are located in: C:\Documents and Settings\sarch\Desktop\5 v ERevision=032508
Water-use database located in: C:\Documents and Settings\sarch\Deskiop\SYERevisions032508
Index-gage spreadsheet located in: C\Documents and Settings\sarch\Desktop\3'YERevisions122807
Project description: testing all azpects of program

Controls

Compute Unimpacted Review Water-Use
Strearmflow Data

Compute Impacted Compute Sustainable
Streamflows Yield

Application Overview
Blue worksheet tabs denote worksheets related to the estimation of unimpacted flows.
Pink worksheet tabs denote worksheets related to the estimation of impacted flows.

‘Yellow worksheet tabs denote worksheets related to the estimation of sustainable yield and flow statistics.
Grey worksheet tabs denote worksheets with summary information about the scenario.

Methods and documentation

For information on the methods used in the Sustainable-Yield-Estimator application, please see:
Archfield, S.A., Vogel, R.M., Steeves. P_A_, Brandt. S.L., Weiskel, P.W_, and Garabedian, S.P_. in prep.,
The Massachusetts Sustainable-Yield Estimator: A decision-support system to estimate

continuous daily streamflow at ungaged sites in Massachusetts:

U.5. Geological Survey Scientific-Investigations Report 0930000 XX p.

Contact

Stacey Archfield, Hydrologist
Massachusetts-Rhode Island Water Science Center
U.5. Geological Survey

10 Bearfoot Road

MNorthborough, MA 01532

(508) 490-5072

sarch@usgs.gov
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Microsoft Excel - SustainableYieldEstimator_v1.4_7.xls
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Figure 4. Hydrographs in cubic feet per second per mile,




Application: Mapping streamflow alteration and water availability

Weiskel, P.K., Brandt, S.L., DeSimone, L.A., Ostiguy, L.J., and
Archfield, S.A., 2010, Indicators of streamflow alteration, habitat
fragmentation, impervious cover, and water quality for Massachusetts
stream basins, USGS Scientific Investigations Report, 2009-5272

Estimated August flow alteratlon
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Application: Relating streamflow alteration to fish data

Armstrong, D.S., Richards, T.A., and Brandt, S.L., 2010,
Preliminary assessment of factors influencing riverine fish
communities in Massachusetts: U.S. Geological Survey
Open-File Report 2010-1139, 43 p.
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Application: Regional daily, unregulated streamflows

ZUSGS
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The Massachusetts Sustainable-Yield Estimator:
A decision-support tool to assess water availability at
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Application: Use of map correlation in Ghana, West Africa

Burkina Faso
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Map correlation: Limitations and future research

" The map-correlation method has potential application to many
hydrologic problems, including: calibration of hydrologic models,
evaluation of streamgage networks and catchment classification

" Correlation can also provide an uncertainty measure for the
estimated streamflows; distance does not.

" The density of the streamgage network and period of record used to
estimate correlation have not yet been evaluated, although in the
limit (few streamgages with short non-coincident periods of record),
this would surely pose a severe limit on the applicability of the
method.

" The method has only been tested in a few study areas; future work
IS examining the utility of map correlation for other study areas

=< USGS
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Contact Information
Stacey Archfield
Massachusetts-Rhode Island WSC

sarch@usgs.gov (508) 490-5072
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Map correlation method: Selection of a reference streamgage
to estimate daily streamflow at ungaged catchments
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