SURFACE WATER STATISTICS - WEBINAR

USGS Office of Surface Water

March 7, 2011

= USGS

science for a changing world



Agenda

e What’s new in USGS SW statistics
e OSW technical memorandum 2011.03
e SW Statistics website
e Status of software updates: PeakFQ, SWSTAT, GLSNET/WREG
e GetNWISQ, SREF, QSTATS, ...

n
=
n
_I
>
—
N
—
(@)
n
=
m
o
=
>
=0

* WREG program

 Overview of program capabilities
e WREG Shell: Greg Granato

e Future webinars
e |f useful, how frequent?
e Suggested topics?




OSW Technical Memorandum 2011.03

Technical resources for regionalization studies
Just released Friday

1. New website with resources for SW statistics

2. Joint studies with other WSCs to define study
areas based on hydrology and to pool expertise

3. Training — SW1523
4. Proposals will be forwarded to OSW

Status of studies posted on website. Send me updates.
5. Mentoring available

6. Workplans suggested
7. Report outline, data archiving
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Website with technical resources
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http://water.usgs.gov/usgs/osw/swstats
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Newish software: GNWISQ, QSTAT, SREF, ...

<USGS

Computer Programs for Obtaining and
Analyzing Daily Mean Streamflow Data
from the U.S. Geological Survey
National Water Information System
Web Site

by Gregory E. Granato

Prepared in cooperation with the

L5, Deparimant of Tranzporialian
Fedaral Highisesy Admimgreiian

Oifice of Matural snd Human Envircamant

Open-File Report 2008-1362

U.5. Department of the Interior 1.0
U.5. Geological Survey 0 AT

http://pubs.usgs.gov/of/2008/1362/

Suite of programs by Greg
Granato, 2009

GNWISQ: get NWIS daily

flow time series in batch jobs

QSTAT: calculate basic

statistics for daily time series

downloaded by GNWISQ

SREF: extend or augment
records using MOVE.1 or
MOVE.3
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Status of software: PeakFQ

- Peak flow frequency analysis program, Windows GUI version (2006)

- Working on new version with new capabilities:
- Expected Moments Algorithm (EMA) for fitting frequency curve
- Kendall’s Tau statistics (trend analysis of peak flow time series)
- Multiple Grubbs Beck test for low outliers
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- New export format

flood estimates

annual exceedance probabilities

Variance of Estimate (EMA)

Confidence Intervals (EMA) / Limits (traditional B17B calc)
K values

- Serious testers welcome (program available soon)

- Expected release in 2011




Input window in new PeakFQ
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(@)
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2% PKFQWin -0 x| ]_>|
File  Help G
ze File menu to Open PeakFQ data or PKFCWIN spec file. PeakFc Data File: Z kmflynmiPrezentations\Data\PEAKS INP :'
Update Station, Threshold and Owutput specifications as (@)
desired. PHFiin Spec File: (@p)
Click Run PeaskFQ button to generate results.
Station Specifications  Inputiew | Cutput Dntinnal Reaultal é
m
S‘tatiu:un:IIIISEEIESDEI j 100,000 T S w
: : L+  Peaks ] E
Pgrceptlon Thresholds & Periods i + Bt 1 s
" 3 Threshold 1 1
Stark |En|:| |L|:|w |H|gh | Comments I Threshold 2 T + t, | X
Year |vear |Thieshold | Thieshold | Threshaold 3 il
1750 1800 1000 40000 Paleo flood record WRIR 87-111 0000 b le:r%th'd 4 - L .
1801 1875 BO000 1.0e20 Journal accounts, WRIR 56-012 - r nieras ! _H_:t ]
1876 1330 16000 1.0220 High water marks, WRIR 56-012 z I + % 1
1931 1980 150 1.0:20 Observed Record = +
— & I + +
e +
1o |- 4
Peak and Interval Data F ]
Water | Peak Remark | Low High Commant C
Year Value Codes |Interval Interval +
1872 12000 I
18973 TE40 G112 168 | 20% +- review of slope-area qon 0 I 1 I Ll P
1880 10000 30000 | WRIR 56012 o0 a0 100 1280 1o00 1980 2000 2050
1855 10500 25000 WRIR 58-012 héatar vear
W 1878 TO00 20000 OFF. BD-1245
Run PEAKFG Save Specs Exit



Presenter
Presentation Notes
This is a mock up of the new Input/View tab.  Three elements:

Perception Thresholds and Periods Grid
Data is entered by the user
Rows color coded to the graph
Comments or remarks required

Peak and Interval Data
First 3 columns from peak flow data file and may be modified by user
Last 3 columns entered by the user
Comments or remarks required for any row with entered or modified data
Font color coded to the graph
	red – systematic
	blue – historic
	green bars – interval



Plotted frequency curve in new PeakFQ
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Presenter
Presentation Notes
This is a mock up of the revised frequency plot.

The red ball with the line represents the low outlier threshold
The upside down deltas are color coded to the input grid, size is relative to the length of record.

Lower right text has been revised to include statistics and information about zero and low outlier data.



Status of software: SWSTAT

- Surface water statistics program
- Basic statistics (mean, min, max, etc.)
- Calculation of n-day flows from daily values
- Frequency analysis of annual time series
- Flow duration (and comparison of flow durations at 2 stations)
- Duration hydrograph?
- Trend analysis — Kendall Tau
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- New version SWStat 4.1 under development:

- integrated into EPA BASINS environment for better input data
handling (direct import of data from NWIS-Web into WDMs)

- Improved outputs, similar to PeakFQ
- Serious testers welcome now

- Expected release in 2011




Status of software: GLSNET/WREG

Multiple linear regression for regionalization of surface
water statistics

-GLSNET

- being phased out, but still ok for GLS regressions
- Requires WDM files for input

-WREG — developed by Ken Eng and others, released 2010
- GUI interface, text inputs
- OLS, WLS, or GLS
- Additional updates to GLS — considers uncertainty in skew
- Rol models

- WREG shell — written by Greg Granato

- Enhances original program’s input/output handling
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Weighted Multiple Linear Regression Program (WREG)

WFseer's Guide 1o The Weighbed-Kultiple- Lmear
Regresaion Progiam (WREG werzion 10|

http://pubs.usgs.gov/tm/tm4a8/

Least squares regressions:
-Ordinary least squares (OLS)

-Weighted least squares (WLS)
- Standard (Tasker, 1980 for
frequency stats) and user-defined

-Generalized least squares (GLS)

- Stedinger and Tasker series of
papers, for peak flow frequency
stats.

- Same as GLSNET, or with additional
option for uncertainty in skew

Region of influence:

-Regions defined using geographic
space, predictor variable space, or a
hybrid space.

-Set up and test model, but cannot
be used for ungaged sites




Program Features

*Point and click GUI interface
*Text input and output files
*Plots of major diagnostics

-) WREG ver 1.0 - Select Variables M=E3
Dependent Variables: Independent Variables:
Q2 | [N
Q50 AnnP
Q100 AvgElev
%For
%Dev
Select only 1 Select no more than 5
Hold 'Ctrl' to select more than one variable.
Press 'Alt' + 'PrntScrn’ to obtain screen capture. ? b msw m§




Select variable transformations

} WREG ver 1.0 - Yariable Transfarmation

var None log, f.-.] In[...] gl [(C17(van©2+c3)%4
Dependent C1 c2 C3 C4
Q1% o o 1 1 0 1
Independent
DRNAREA - @ o 1 1 0 1
PRECIP o O 10 1 1 1

Press 'Alt' + 'PrtScrn’ to obtain screen capture. OK | .




Choose model

Regressions
= Multiple-Linear Regression
~Region-of-Influence Regression

Parameter Estimation
“Qrdinary-Least Squares

“Weighted-Least Squares
~Generalized-Least Squares

User Specified Weights

Press “Alt" + 'PrtScm’ to obtain
Form Model -
soreen caphure. A Eugﬁ_s




Input Files: ASCII text, tab delimited

File name

Description

WREG requirements

Sitelnfo.txt

Site information and basin
characteristics to be used in the

regression (the independent vars).

Always required.

FlowChar.txt

Flow characteristics to be used in
the regression (the dependent
vars).

Always required.

LP3G.txt Skew for Log-Pearson Type Il Always required.
distribution .
LP3K.txt K for Log-Pearson Type IlI Always required.
Distribution.
LP3s.txt Standard deviation for Log- Always required.
Pearson Type Il distribution.
UserWLS.txt User specified weighting matrix. | Required only if the user-defined
WLS option is selected.
USGS####H#H .txt | Annual time series of flow at One file per station, required only

streamflow-gaging stations.

when using either the GLS
option.




Sitelnfo.txt

r
Microsoft Excel - Sitelnfo. txt
@_] File Edit Wiew Inserk Format  Tools Data  window  Help

il 3 AVE sl F9-0-1%-3] §] 4o -@@iB|E =%
iy - b

A | B | ¢ | D | E | 6 [ H | g

No.

Station Annual |Zero-1; Regional Cont-
1D Lat Long Series  |NonZero-2 FreqZero Skew 1;PR2 A AnnP AvgElev |%For YaDev
9106200 39061 103.478 2 -0.1501 5133001 9.430804 50553502 0426816 2663143
91582650  39.091 103605 -0.1258 1670523 9.6574642 5120394 2823259 2.447119
9152900 39137 108697 -0.1086 16.08129 1111467 5213.88 12.47569 0.300385
9183400 39309 105984 0.0058 168.0692 17.03207 652332 505606 0.006203
9163310 39297 103.867 -0.0563 19656877 1799177 B353.866 51.15102 0.127105
9163490 39222 108893 -0.0526 4361566 16.27331 B161.925 43.08462 0.176412
9163700 35964 1093357 0.2117 89.82666 101361 4973.868 0978856 0.306511
9188100  37.877 108583 0.0375 1469647 2164089 7932575 BB.S0G73 a
9174500 38274 103363 -0.0634 3850069 2069531 7B40.435 720191 a
9175800 35044 108578 -0.0078 5510407 1618576 7101.383 35.11312 0.04412
9177500 38519 109.11 -0.0096 15396857 26.01006 8930651 96.05343 a
2181000 383725 109345 0.0485 2041108 1262431 5633.306 18.56575 0.001703
9182000 38593 109.266 -0.0002 7.839372 24.00815 9472145 B81.93866 0.026593
M« » »]\SiteInfo /

Ready
First 8 columns are required. Remaining columns contain

basin attributes
- Stations MUST be listed in ascending order.
- Columns for Zero-1;NonZero-2 and FreqZero are placeholders for logistic regression,
not yet implemented by WREG. Values must be provided, but they can be dummy
values.

O

| S TR O T R T TR S TR O T R TR S TR R O N
oOoooooooooaooco.




FlowChar.txt

FE Microsoft Excel - FlowChar. txt Q@@

@_'l File Edit ‘iew Insert Formak  Tools  Daka  Window  Help - 8 X

- Iﬁl

. = 513 . 4190
Stations MUST be: g 147 5 IEIIEIIEI:E:

- listed in ascending 3450
= 2 1180 a1 10700
numerical order 193 o =
151 3 4390

- listed in the same 9177 11 953 1110

order in all files 13} 9 730 3270 3910

8.3 3.9 9.5

2h3 4520
2090 15800 21300
185 1360 1820

557 7340 10100
| <

ML



LP3G, LP3K, LP3s.txt

LP3G: Skew for LP3 distribution
LP3K: K-factor for LP3 distribution
LP3s: Std dev for LP3 distribution

If frequency stats are not used, a
dummy value must be supplied
(for example, -99.99)

FE Microsoft Excel - LP3G. txt Q@Eﬁ

E‘_I'l File Edit jew Insert Format Tools  Data  window
: Help

P .__r = NN RS AR N Rt

G 02 G 050 G_ 01I]l]
0045 0046 0046
0.09 0.09 0.09
0.118 0.118 -0.118
-0.213 -0.215 -0.213
0181 0181 D181
-0.142 -0.142 -0.142
= -0.155 -0.153
0111 0111
-0.21 Z

1.1

0.158

LI

Order must correspond to
that used in FlowChar.txt




LP3G, LP3K, LP3s.txt

FE Microsoft Excel - LP3G. txt Q@@r

E‘_I'l File Edit jew Insert Format Tools  Data  window

r Microsoft Excel - FlowChar. txt Q@Er

@_'l File Edit Miew Insert Format Tools Data

A= BENEE AR A A >R |

: Help 5 x
ARNER™ RENFE R AR RN s

G 050 G _Q100
0046 0045
0.0
0.118
-0.218
-0.181
0,142
0159 0159  -0.159
o111 0111 011

0.21 0.21

7340 107100
| <
NUM

Order must correspond to
that used in FlowChar.txt




UserWLS.txt

Contains matrix of weights for a user-defined WLS
regression.
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USGSHHHHHHHH .t

Time series files: one file
per station.

Naming convention:
WREG looks for a file with
“USGS” In its name. Then
it uses these files in
ascending numerical order.

Time series should
correspond to that used to
develop frequency statistic.

.
E Microsoft Excel - USGS091 758B00. txt

E_H File Edit ‘iew Insert Format  Tools  Data  Window
: Help

ARRER= BERRE TR AR AR Rl

175800 1970
1971
1972
- 1973
7a800 197 4
1975
1976
75800 1977
1“ n
TSQDD

"|| il

ML

Station ID Year | | Time series value

(example: annual peak)




Output Files

RegionofinfluenceOLS.txt | Results from an OLS regression using Rol.

W
File name Description 5

_|

Conventional OLS.txt Results from a OLS regression. >
n

Conventional WLS.txt Results from an WLS regression. g
)

Conventional GLS.txt Results from a GLS regression. S
®

Z

>

o)

RegionofinfluenceWLS.txt | Results from a WLS regression using Rol.

RegionofinfluenceGLS.txt | Results from a GLS regression using Rol.

RegressionModel.txt The regression equation (including transformations)
calculated by WREG. Not output for ROI.

InvXLX.txt Covariance of the regression parameters. Output only for
conventional regression.

SSres.txt Sum of squared residuals of the regression. Output only for
conventional regression.

EventLog.txt Record of the program’s execution. Helpful for dlagnosmg
runtime errors.




Inputs/Output limitations

*Executable file must reside in same directory as input
files and output files

*Output files easily overwritten

*Input files somewhat cumbersome to create




Add-ons for WREG

WREG shell:
(Greg Granato, MA WSC)

- input/output handling
- error checking of input files
- run WREG from within shell program

Scripts for input file development :
(Charles Berenbrock, CA WSC)

-Takes output from PeakFQ and writes FlowChar.txt, LP3s.txt,
LP3G.txt, and LP3K.txt files (batch jobs)

-Still reviewing, will post to website soon




o
=
O
-
[
X e
Yo
O
B
o
—




WREG versions

WREGvV1.01:

Outputs regression coefficients to 3 decimal places
(instead of 2)

WREGV1.02:

If it exists, reads in one large file of annual time series,
rather than many individual files “-WREG shell rewrites
individual annual time series files (USGSH#Ht####H.txt)
into one large file (USGSAnnualTimeSeries.txt).

New version is distributed with WREGshell program,
but MCR _Installer.exe must first be run to install
MATLAB runtime libraries.




DISCUSSION

Would additional webinars be useful?
- If so, how frequently?

- Suggested topics?



Future webinar topics
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Presenter
Presentation Notes
Flood frequency - EMA
Flood frequency – multiple Grubbs-Beck test for low outliers
SWStats – Basins demo
Regionalization – confidence intervals, prediction intervals, and other error metrics
Daily flow estimation – statistical methods
Review basic probability and statistics
Review OLS vs. WLS vs GLS
Review frequency curve fitting
General Q&A
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