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Cumberland Gap National Historical Park, KY Project:
Ensuring Success and Management Effectiveness for the Imperiled Blackside
Dace at Cumberland Gap National Historical Park: Sediment Acquisition and

Modeling of Davis Branch




Cooperating Agencies and Period of Investigation

* Cooperating Agencies:
— National Park Service, Cumberland Gap National
Historical Park

— University of Kentucky, Biosystems and
Agricultural Engineering Department

* Period of Investigation:

— FY 2014 (second quarter) — FY 2015 (fourth
quarter)



Study Area:
Cumberland Gap National Historical Park
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Problem Description

e Davis Branch, a stream within the boundaries of Cumberland Gap
National Historical Park, is a designated Warm Water Aquatic
Habitat, Primary Contact Recreation, and Outstanding State
Resource Water.

e Davis Branch provides a critical habitat to the federally-threatened
Blackside Dace, a small cyprinid fish endemic to the upper
Cumberland River basin.

— In recent decades, the populations of the Blackside Dace have
declined throughout the Cumberland River basin due to loss of

habitat, stream corridor degradation, and water-quality changes as a
consequence of beaver dams within the watershed.

* Davis Branch has been classified by U.S. Fish and Wildlife Service
as a critical stream to the continued existence of the Blackside
Dace. The National Park Service Organic Act and the Endangered
Species Act are requiring resource managers at the Cumberland
Gap National Historical Park (CUGA) to take actions needed to
mitigate the potential loss of the federally threatened species.



Project Objectives

Collect sufficient baseline data about sediment loads
in Davis Branch.

Create a numerical modeling tool to help predict
sediment deposition and transport variability in Davis

Branch under existing conditions and during and after

the implementation of to-be determined stream
restoration measures.

— Provide field and modeled data needed to aid NPS
resource managers to prepare an environmental
assessment (ESA), plan stream restoration measures, and
better assess the potential effectiveness of those
restoration measures, thereby better ensuring that habitat

conditions are suitable for the repopulation and long-term
survivability of Blackside Dace in Davis Branch



Approach

* Collect data to characterize suspended sediment concentrations
and loads, determine sediment fractions, and to support modeling
of sediment deposition and transport characteristics before, during,
and after restoration measures

* Apply a physically based catchment sediment deposition and
transport model (SEDCAD), developed by Richard Warner
(Professor, University of Kentucky), needed to estimate sediment
concentration, particle size distribution, sediment loads, and
transport characteristics as part of the process of selection, design,
and implementation of stream restoration measures.

 Combine the functionality of the sediment and transport model
(SEDCAD) with a rainfall-runoff model, Topmodel (Beven, 1995), to
develop new and innovative techniques for predicting and analyzing
deposition and transport of suspended sediment in ungagged and
flashy streams such as those within the Cumberland Gap National
Historical Park and elsewhere in the Cumberland Gap River basin.



Products

* A Scientific Investigations Report and/or
equivalent peer-reviewed journal article that
summarize sediment load/transport data, and
fully describes the procedures and findings of the
hydrologic and sediment transport modeling
conducted for the project.




Datasets: Aerial imagery and DEM’s
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Datasets: USGS Gage 03401385

* Available Parameters:
— Gage Height (feet)
— Temperature (degrees Celsius)
— Dissolved Oxygen (water, unfiltered, milligram)
— pH (water, unfiltered, field, standard units)
— Specific conductance (water, unfiltered, micro)

— Turbidity (water, unfiltered, formazin nephelometric
units, FNU)



USGS Gage 03401385 — Gage Height
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USGS Gage 03401385 — Temperature
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USGS Gage 03401385 — Dissolved Oxygen
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USGS Gage 03401385 — pH
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USGS Gage 03401385 — Specific Conductance
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USGS Gage 03401385 — Turbidity

Turbidity, water, unfiltered, monochrome near infra-red LED
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Discharge (cfs)

Delaware River Basin Hydrologic Modeling:
WATER Application *.txt,*.xml, editing capabilities
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Delaware River Basin Hydrologic Modeling:
Incorporating Global Climate Model Data
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Delaware River Basin Hydrologic Modeling:
Incorporating Global Climate Model Data
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Delaware River Basin Hydrologic Modeling:
Incorporating Global Climate Model Data

Region Type: 1 Sim ID: 3 Parameter: ClimaticPrecipitationSeries
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Delaware River Basin Hydrologic Modeling:
Incorporating Water Use

waterbasin_multi_proj_wgs.shp
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(cfs)

Discharge

Delaware River Basin Hydrologic Modeling:
Incorporating Water Use

Discharge Discharge + Water Use
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Columbus, Indiana Flood Prediction:
National Weather Service —
Quantitative Precipitation Forecasts (QPF)

NWS Quantitative Precipitation Forecasts (QPF)
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http://www.hpc.ncep.noaa.gov/qpf/qpf2.shtml
ftp://ftp.hpc.ncep.noaa.gov/shapefiles/qpf/7day/



http://www.hpc.ncep.noaa.gov/qpf/qpf2.shtml
ftp://ftp.hpc.ncep.noaa.gov/shapefiles/qpf/7day/
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Columbus, Indiana Flood Prediction:
National Weather Service —
Quantitative Precipitation Forecasts (QPF
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Preprocessing and ability to view/query data
Example: Topographic Wetness Index
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Preprocessing and ability to view/query data
) Example: Topographic Wetness Index

" t 15.0
0.018 ! 8¢

0.0

-0.002
-0.004

—-0.006 o so8el D E IVI

-0.014
0.006 ~0.016
-0.018

TWI

417000

4
500 13000

412000
411000



Modeling Preprocessing Tool - NWISPY
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Modeling Post Processing Tool - HYDROCOMP

ul

=1, K4

modeled vs. observed (1 day, 0:00:00)

R squared = 0.96

Nash-Sutcliffe = 0.96

— observed
—— modeled

1

o (8] ) N A Y Al A A A%

L N LT T L M 20 2 a9
R MR A . S R L M
date
modeled vs. observed (1 day, 0:00:00)

'Mean =-0.04 : : ' } - - reference line
Max = 28.63 | 1~ relative error
Min = -36.60/ o

X )

i

v

&) o
o> o
o woT

x=2011-07-30 y=556.824

>°

A 2 2
: 10‘\- ( 19\ 910\
o% e IS
date

5 5
S
P

1’0\_'1' : 19{5
»e »e

06“

discharge

6000

5000

4000

3000 -

2000

1000

relative error

modeled vs. observed (1 day, 0:00:00)

=)

|

R_squared = 0.99
Nash sutcliffe = 0.99):

— observed
— modeled

0\'\' 0\} 0\\' 0\‘\ 0\_‘\
‘”‘1 wot? &\‘1 ‘)“1 o
date
modeled vs. observed (1 day, 0:00:00)
Mean = 0.01] ' -— reference line|
Max|=1.57 | — relative error
Minj=-2.71 | —— R

10‘9'
‘p‘l
date

A AN
20 ( 29

W

http://ky.water.usgs.gov/usgs/projects/jlant

program code/hydrocomp/html/index.html



http://ky.water.usgs.gov/usgs/projects/jlant_program_code/hydrocomp/html/index.html

Best Practices for Scientific Computing
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Introduction

Scientss spend an increasing amownt of time uillding and
using soffware. Howeaver, most sciendss are never aught how o
do this effciently. As a result, many are mawane of took and
practices that would allow them o write maore refiable and
mainminahle mde with lew effort. We describe 2 set of best
practices §or scientific sofware development thar have solid
foundations in research and experience, and that Improve
scientis’ productvine and the refiabil iy of their sofware.

Boffware & 25 Important to modern scientific research as
telescopes and wst mbes. From groups that waork exchishely on
compuiatimal problems, to radifinal hbontory and field
scientivs, more and mare of the daily operation of scienae: revalves
around developing new algorithms, managing and anahaing the
large amounts of dam that are generated in single reseanch
projecs, combining disparase daosets 1o amses symthetic problems,
and other computatonal tasks,

Bcientisn nypically develop their own software for these parposes
hecanse doing so requires substaniial dioma inspecific nowledge
As 2 resmlr, recent stuches have found that scientists rvpically spend
3% or mare of their dme developing soffware [1,7]. However,
9% ormare of them are primarily seftaught [1,7], and therefore
Lk exposure o basic sofiware development practices suich s
wrifing maintainable mde, wing versin control and e
trackers, code reviews, it testing, and msk annmation

We believe that sofrwane & just anodher Knd of experimental
apparatus [3] and should be budlt, checked, and used 25 carefilly
25 any physical apparams. However, while most scientiss ame
careful to vabidate their lshoratory and fidd equipment, most do
net know how refiablle their sofiware & [4,5]. This can lead ©
serious ernors impactng the cenimal conclusons of pubfished
research [6]: recent high-proflle reractons, technical commens,
and mamections because of emors in compumtonal methads
inchide papers in Scewe [7,8], FNAY [9], the Jawrmel & Maleuier
Bisdagy [10], Esslygry Lagers [11,13], the Jawrmd of Mamnabey [13],
Jourmalafthe Averian Collgw of Cardisbgy [14], fipersensizn [15], and
The Awaerican Eranwmic Resion [16].

In auddition, hecanse softwane & often wsed for more than a single
projec, and & ofien rensed by other scientss, comparing emors can

cascading impact camed several prominent refractions when an

have disproporiona impact on the scientfic process. This npe of

The Comwnrity Fage i a fonee for cogariza e and socides 1o bighlight Bwir
eifcens 1o anbare @ 1he disosiramion and valee of sdeedfic eowladoe.
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emor from another group’s mde was not discovered wndl afer
pubdication [6]. As with hench experimens, noteveryhing must be
done to the most exacting standards; however, scientiss need 1o e
aware of hest pradtices both 1 improve their owm approaches and
for reviewing compuitional waork by athers

This paper descrihes 2 s of practces that are easy 10 adopt and
have proven efiecfive in many research setfings. O recommenda:
fions are hased on several decades of collactive experience hath
tuiding sdenific soffware and aching ompuiing to sceniiss
[17,18], repors fiom many oter growps [19-25], guidefines for
commercial and open source software development [26,27], and on
empinical studies of sdentific computing [28-31] and soffware
development in general{mummar ed in [32]). Noneof thess practicss
will guarantes efficient, amor-fres soffware developmens, bae used in
concert they will reduce the numher of errors in scientific software,
mzke 7t easier in reuse, and save the authors of the sofware time and
effort that can used for focusing onthe underlying sdentific questons.

Cur practices are summarized in Box 1; labels in the main texx

such as ™ 12" refer o fiems in that smmary. For reasons of space,

we dio net discuss the equally importang (ot independent) ismes of

repraduciile ressarch, publicaion and didtion of code and dam,
and apen sdmoe. We do helieve, however, that all of these will he
much easier i implement # scientists have the skl we desorihe.
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Box 1. Summary of Best Practices

1. Write Promans o ]:lnh‘:l]:h‘ Nl conpualers.

fa)

)
)

A program shouk] not require ils readers o hold mone
than a handha of Eweis in memory at once,

Make mames consistent, distinetive, and meaningful.
Make code syle and Formatting cornsistent,

2 Let the o naler do the work.

fa)
)
)

Make the computer repeat tals,
Save recent commands in a fle for re-use
e a budd vool o automate workflows.

3. Make incremental changes.

fa)

)
)

Work in small steps with Fequent feedback and course
O Lo,
Use a version control system,

Put everything that has been created manually in vemsion
eontml,

4. Don’t repeat yoursell jor others),

)

)
)

Every piece of data mast have a single authoritative
rﬁﬂmmﬁ&n in the syslem,

Maxdularize code mather than copying and pasting,
Re-use code imstead of rewriting it

5. Plan for mistakes,

)
)
)
]

Add amertions to programs o check their operation.,
Use an ofFthe-shell unit testing lhrary,

Turn bugs into test cases,

Tae a s}u'.n])ﬁ] i 1.’1‘.11%1‘.1'.

6. Optimize software only afier it works correctly,

fa)
)

Use a profiler to identify bottleneclks.
Write code in the highest-lewe] language possibile,

1. Document design and purpese, not mechanics,

)  Daoament intedaces and reasons, not implementations,

)  Refactor code in preference to explaining how it works,

&) Embed the documentation for a piece of software in that
software,

B Collaborate.

fa)  Use pre-memge code reviews,

) Use pair programming when bringing someone new up to

)

speed and when tadkling particularly ticky problems,
Use an Bsue tracking tool




Following Best Practices — Modular, Version Controlled, Unit
Tested, Documented (accessible online), etc.

hydrocomp

Overview

USGS NWIS data file that contains discharge as a hydrologic parameter.
The following are the statistics calculated:

Nash-Sutcliffe

R Squared Coefficient
Mean Squared Error
Absolute Error
Relative Error
Percent Error

Percent Difference

Details

hydrocomp.ppyis a module that contains functions to calculate, print, and plot comparision data and statitics.

hydrecomp is a project that contains python modules that compare timeseries output from a model of a particular parameter (i.e. discharge) with an observed timeseries of the same parameter and compute
differences and statitics between modeled and observed hydrologic parameters. For example, the model timeseries can be a rainfall-runoff model output of estimated discharge and the observed timeseries can be an

In the hydrecomp.py module, maing prompts user for observed and model files. Processes each file, prints information, and plots data and statistics. Information is printed to the screen. Plots are saved to a directory
called “figs’ which is created in the same directory as the data file. Currently, if an NWIS data file is selected as the observed file a log file called ‘nwis_error.log’ is created if any errors are found in the data file.
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mwispy.pyis a module that contains functions to read, print, and plot data from an USGS NWIS data file. T
parameters; i.e. discharge, gage height, temperature, sediement concentration, etc.

USG5 NWIS data files can be found at:

htp:/ /waterdata.usgs.gov/nwis/rt

statistics.py1s amodule that contains functions to calculate all the statistics.
helpers.pyis a module that currently contains functions to subset dates and find common date ranges be

warer.pyis a module that reads output from an application called WATER (gui wrapper around a Kentuck)

https://github.com/jlant-usgs

Author

Jeremiah Lant

GitHub This repository ~ @ Explore

jlant-usgs / hydrocomp

Features

Enterprise Blog

hydrocomp is a repository that contains code that compares timeseries output from a model of a particular
parameter (i.e. discharge) with an observed timeseries of the same parameter.

¥ branch: master ~ | hydrocomp /[®

updated functions and main() for the updated watertxt. py module

jlant-usgs authored a month ago
bin initial commit
data minor doc string edits
docs added intended use statements to docs and README file
hydrocomp updated functions and main() for the updated watertxt. py module
tests initial commit

B _gitignore added intended use statements to docs and README file

E LICENSE.txt initial commit

[E README.md added intended use statements to docs and README file

= setup.py initial commit
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6 months ago
3 months ago
a month ago
6 months ago
3 months ago
6 months ago
3 months ago

6 months ago
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Questions?

Jeremiah Lant

USGS Hydrologist

Kentucky Water Science Center
jlant@usgs.gov

(502) 493-1949

GitHub site:
https://github.com/jlant-usgs

Example online documentation:

http://ky.water.usgs.gov/usgs/projects/jlant_prog
ram_code/nwispy/html/index.html
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