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Earth Systems Institute: NetMap Quality Management Plan

1.0 Background

Earth Systems Institute (ESI), created in 1997, is a 501 Cf®nptofit organization that
develops new thaies and technologies in the watershed sciences. ESI has six employees (4 full

time, 2 part time); an additional 1.5 FTEs will join the organization in later 2010 or early 2011.

ESl is involved with a wide range of projects and collaborators in #igdBhistory. Examples
include: 1) creating stochastic simulation models to examine the dynamic behavior of fire,
storms, erosion and fish habitat over multi century time scales; 2) developing technologies for
recruitment of large wood to streams; 3) buitgdoomputer models to predict salmonid habitats
across the Pacific Northwest; 4) developing teaching materials and educational classes in the
discipline of slope stability technology in the context of land use planning; 5) building slope
stability models ath applying them across the Pacific Northwest region, and 6) building theory

and technology on the role of river network structure and geometry on riverine habitats.

ESl is also involved with development of automated, desktop computer tools to aid a natur

resource decisiema ki ng. O Net Mapd is designed as a fcom

system (Benda et al. 2007, Benda et al. 2009) and it consists of over 100 analysis tools integrated
within ESRI, ArcMap 9. 3. Net MeO®DGOkm (0 midions h e d
acres) in Washington, Oregon, California, Idaho, and Alaska. For additional information about

NetMap, refer tavww.netmaptools.org

The current EPA funded work (Puget Sound Scientificiies and Technical Investigations) that

this QMP addresses involves the NetMap system.
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2.0 QMP for NetMap

The Quality Management Plan (QMP) contained in this document applies directly to the NetMap

system, and the generation of watershed databasesasd t

ESI 6s Net Maabinvelyedwitheemvironmental data collection, analysis and
interpretation. NetMaps involvedwith the development and use of computer models, and the

development of watershed map databases using readily availabledhtgtal

The NetMap system consists of three components. The first is a set of computer programs,
referred to as Netstream (Miller 2003a,b), that generatesdimetion grids and digital stream
layers using digital elevation models (DEMs), the hydrogyagatasets, and climate data (Figure
1). The individual channel segments contained in the digital stream layer are attributed with
basic physical parameteiscluding segment identification number, drainage area, elevation,
length, channel gradient, amdlley width.

The second component utilizes those compgégrerated outputs within a set of analysis

modules (programs) that extract other types of environmental masdelisas stream order

(Strahler, 1952), stream power, channel sinuosity, flow uglcandhillslope gradien{see

Appendix 1 for a complete listing of parameters). In addition, NetMap contains programs to

make other environmental predictions using published models for fish habitat (Burnett et al.

2007), erosion potentiaMiller and Burnett 2007a,b, Elliot 2004), tributary confluence effects

(Benda et al. 2004), and wood recruitment to streams (Meleason et al. 2003, Benda and Sias

2003)( refer to NetMapdbs Technical Hel p toolsww. net |

and supporting literature).

The third component of NetMagonsists ohyperlinked technical users manuaigdan

educational website (www.earthsystems.org).
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Figure 1. The NetMap system that this QMP addresses is comprised adrwputeimodeling
steps.l) Netstreamutilizes digital elevation models (DEMSs), typically from the U. S. Geological
Survey, climate data (typically PRISM), and hydrography datasets (often the R-HDhe

output from Netstream feeds into a suiteomputer algorithms and associated GIS tools, called
NetMap to create other environmental parameteiserscanimport their own GIS data layers

for these analyse3his QMP does not address the base inpaataheuser input datequality
assurance of those data is the responsibility of the dissengoagjanizationandof NetMap

users.
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3.0 Objectives of Net Mapds QMP

The objective of Net Mapdos QNMafsektractdanaronmen@lur e t h
data (e.g., channel gradient, valley widtbnsistent with the accuracy and resolutiothefbase

elevation, precipitation, and hydrography d&gecifically, the QMP is tasked with insuring that

all data are available (in each individual data set), that there are no data omissions, that parameter

values fall within acceptable ranges, and that all analysis program modules function properly.

ESI@®MP in NetMap involves two | evels of operat
testing and evaluation of each individual watershed database for data omission and accuracy.
Level #2 QMP is based on users evaluation of database accuracy and, if necestificgtion

of the watershed databases (and associated analytical tools) to improve accuracy.

4.0 Procedure and Practices

ESI 6s Net Map QMP consists of four components

provide quality assurance of NetMap databasebstools.

The base input data into NetMap consists of: 1) digital data on land surface elevations using the
U. S. National Elevation Dataset (NED) from which digital elevation models (DEMs) from the

U. S. Geological Survey originatbt{p://edc2.usgs.gov/geodata/index.papd using LIDAR

DEMs from the Puget Sound Lidar Consortiumtgg://pugetsoundlidar.ess.washington. gd2iy

the NationaHydrography (stream layer) Dataset [http://nhd.usgs.gov/]), and 3) PRISM climate

data administered by Oregon State Univergityp(//www.prism.oregonstate.eduRegarding

the quality assurance for th&ER and NHD, these national databases are in use by the EPA (for

example, the EPA WATERS program [http://www.epa.gov/waters/]; see also
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Earth Systems Institute’s NetMap QMP
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Figure 2. Net Mapds QMP for the Net Map system

QMP": computerbased checkfor presencef all requiredinput dataandparametersand that
valuesextracted from DEMs fall within an acceptabdsge. QMB: acomputer check on all
parameters developed within NetMap. QMRserperformedchecks thaparameters extracted
from DEMs are of acceptable accuraédip e A F i etdoldn NetMapladilitates this step.
QMP” establishes communication linkéth ESI staffso that useidentified problems can be
quickly reported andedified.
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http://www.horizonsystems.com/nhdplysand

http://www.epa.gov/esd/uwr browser/pages/uwr metadata nedER#¥malso uses PRISM

climate dataHttp://www.epa.qov/esd/larsci/nv geospatial/pages/nvgeo qgis5 prism md.,htm

and seavww.prism.oregonstate.edu/pub/prism/maps/Precipitation/rfactor/U.S./us_rfactor

meta.html.

The base inputdatgreu s ed by ESI 6s Netstream program to
digital stream layefor each watershed he digital stream layer is attributed wélseries of
environmental parameters that are extracted from the digital elevation model (such as channel
gradient, drainage area, elevation etc., see Appendix #1, attached). The four QMP components

are:

1) QMP" consists of a computer generated check afaia omissions and ii) data accuracy (e.g.,

that the data generated fall within an acceptable range of values for that parameter) in the
Netstream step of the analysis (FigureMissing data ar@entified, programs are checkexd t

determine the reasons for data absence (and adjusted if necessary), and the programs are rerun to
generate the missing information. Data that fall outside of acceptable limits (e.g., physical
constraints on parameters such as channel gradient, chadtiglaxe identified by QMP staff.

Computer programs are checked to determine reasons for inaccuracies, they are adjusted if

necessary, and the programs rerun and databases recreated.

2) QMP® consists of a similar computer based check onataiasions and data accuracy in the
NetMap step of the analysis (Figure 2). The NetMap suite of programs generates additional base
line environmental parameters based on published relationships in the scientific literature,
including stream order, streamvper, erosion potential etc., see Appendix 1). The reasons for

any errors or omissions are determined, and the necessary programs rerun to generate the

missing or inaccurate information.
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3) QMP* consists of a usdsased check of database completeness endacy during

applications of the NetMap system (Figure 2). This QMP step is performed approximately once a
year by ESI staff in the course of funded projects (for example the EPA funded NetMap project
in the Puget Sound). QMms also conducted (in an prtunistic fashion) by other institutional

users of NetMap. This check involves environmental attributes generated by both Netstream and
NetMap (Figure 1). This QMP can also detect problems with analysis modules (for example,
tools to predict erosion, famiplain width, fish habitat and so forth). QfMprovides a level of
redundancy to the data omission and accuracy checks carried out h@MBPMP, thus

providing additional quality assurance.

A variety of models are available to users of NetMap. &ofithese use analyses of topographic
attributes derived from the digital elevation data to estimate physical attributes that can be
compared directly to grounsheasured/alues such axhannel gradient and valley width. The
accuracy of these estimategpdads on both the accuracy and spatial resolution of the elevation
data used and on the ability of the algorithms employed to exrttabutevalues. For these
attributes, fieldmeasured values also depend on the length scales involved. Measures ef chann
gradient, for example, depend on the length over wgiatientis measured; measures of valley
width depend on the elevation above the chaanehich valley width is measured. The
algorithmsand length scalaessed in NetMap are described in the agged documentation and

in the metadata included with resulting data sets.
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In contrast tdopographic attributethatcan be resolvedirectly from elevation data, estimates
of channel width and depth are based on regression mbdelzlate a limitedumber of
groundbased measurements to Gi&sed quantitie@lthough higkresolution LIDAR DEMs
may be able to resolve channel widirectly, we have not yet explored this opdiofhese
regressions typically include drainage area and mean aoragcgpitation Drainage area is
derived from the DEM. There is rieasiblemethod to directly measure drainage anedhe
ground, so accuracy must be based on comparisorestithates derived by other means.
Precipitation values are obtained from other availdbta sets; typically the PRISM model

results are useghttp://www.prism.oregonstate.edu/

For any attribute that can bie@ectly measuredit is important that estimates obtained by models
used in NetMajbe compared torgundmeasured values so tlatcuracy of the derived values

can be assessdecause NetMap is a platform for data analysis, with options for users to import
their own datasetsandto modify model parameters, assessmerutput accuragis ultimately

the responsibility of NetMap usetdsers can rely to some degree on assessments performed in
past studiesf-or example, many ohe algorithms used in NetMap were evaluated for work in

the Oregon Coast Range by Clarke et al. (20D8xidusers in accuracy assessmeN&tMap
includesaeval uati on t o o]whichgtoltidesfor diréct implit,ccomparisok, and
modification of data values and regression equatibasexample, a user determines the

accuracy of a predicted parameter value (such as channel gradient, channel width, valley width
etc.) bymakingfield measurementnd comparing thoge predicted vales in NetMap. If

significant disparities are detected, a user can elect to change the predicted value in NetMap
Acr Mapbds data attribute table, thereby i mmedi
on a caséy-case, or a streassegment by slamsegment basis, or a user can collect several
dozen measurements spanning a range of ss&a® and create a regression equation and apply

a comprehensive data correction to all stream segments.

Other models available in NetM@povidevaluesthat camot generallybe directly compared to

field-measured quantities. For exam@eme model outputs involve a frequency distribution of
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values; other outputs involve specific events (e.g.-fi@ssediment yield)others involve
estimates of intrisic potential or maximum capacity, which cannot be directly measured
Although the absolute accuracy of such models can be challenging to determine, the spatial
patterns predicted are useful for identifying watershed interacdimhsuch models serva a
important role inand-use planning. To aid user assessment of such types of models, NetMap
provides documentatioof model algorithmsnd processing stepsith citations tathe peer
reviewedpublicationsvherethe models were first described and udeput parameters are
specified inuseraccessiblascii input filesWe recognize that software development to
implement new models tends to occur more rapidly than software development for assessing
model sensitivityand, where feasible, model accuracy ageatability. These are challenging
issues for which solutions are not necessarily obyibusESI staff are involved in efforts to
address this issue.g., Fullerton et al., 200&8nd we are exploring options for providibgtter

estimates of model ssitivity.

During an analysis using NetMag user may provide various GIS data layers in support of
specific analyses, including streams, roads, vegetation, polygons, fire risk and so forth (Figure
2). The QMP f or a us erifysfthewsdr and thar prganizationand t he r

the agencies and other organizations that disseminate the data.

4) QMPP is another usebased component of the overall NetMap QMP design.88V®® pur pos e
is to obtain user feedback (to ESI) to determine the saafs#ny detected data omissions and
inaccuracies (Figure 2). QMRilso is used to obtain user feedback regarding protdechs

enhancement®r NetMap analysis modules (such as the models to predict intrinsic habitat

potential, floodplain width, roadeo si on potential, etc.). Net Mapé¢
auto sending, via the Internet, any probl ems
determine the nature of the problem, affect adjustments or program repairs, and send out

programupdate t o al | users. This falls under ESI 06s

program for NetMap.

1C
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Although not included as a specific component of this project or all projg®te® is also

conducted periodically (approximately once per year) by ESlduwaing applications of

Net Map in specific projects. | nPconbisisoktesting ogr am
analysis modules (specific tools) for proper function, identifyinganigsions in the databases,
evaluating any inaccuracies in paweter values, and to make a comparative analysis of certain
predicted environmental attributes to field measured values (for example, comparing predicted
versus fieldmeasured channel gradients). This is done for a series of environmental parameters

that ae readily measurable in the field (e.g., channel gradient, channel width, floodplain width,

valley width, substrate size categories, andtiram woo@ccumulation type etc.) and the field

sampling occurs within a predefined number of sample sites(ggi |l v 30 t o 40) . Ne
AField Linko tool facilitates the fThesd d valid
exercises supplement usarpplied reports of problems or systematic inaccuracies or biases

associated witthe modeling tools.

ESH s ©an®QMP program has been applied in the context of the following programmatic
applications by ESI staff: 1) Wilson River, Oregon watershed analysis, sponsored by the Oregon
Department of Forestry, 2006; 2) Ten Mile/Usal River Watershed Assessaemppell

Timberland Management, 2007; 3) Upper Sacramento River watershed assessment, State of
California, 2009; 4) Priest and Pend Oreille River watershed, Washington State and Kalispel

Tribe, 20162011. Computer files recording these comparative armlysar e kept at ESI
If serious discrepancies between predicted and observed environmental attributes are detected,
modifications to computer programs would result. To date, no major discrepancies have been

detected in the context of using 10 malesion digital elevation models.

I n summary, ESI O6s Net Map QMP that consists of
designed to detect (and resolve) watershed database omissions and inaccuracies, and to detect
(and resol ve) panaysi$ neodutes. Thnee ddmpomdatpadesconducted by ESI

staff (see below). A fourth QMP component is carried out by the many users of NetMap

databases and analysis tools, thereby providing a level of redundancy in the QMP.
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Net Mapds QMP iadaspeads. que i n sever

(1) NetMap is not involved with collection of field data, and thus is not involved with the

sampling, measurement, and interpretation of field data, including from a regulatory perspective.

(2) NetMap simply extracts, using computer modetsjironmental data (such as channel
gradient, channel width, drainage area etc.) from readily available digital data developed and
distributed by U. S. government agencies (U. S. Geological Survey) and by other organizations

such as universities.

B)NetMpp 6 s QMP contains four | evels of detecti
and inaccuracies, and analysis model funct.i

database and analysis module problems.

(4) Net Mapds waé mirsttic. \Mdtershadtdatdattrdes can be evaluated and
made more accurate over time by the user or by ESI. This is a powerful form of quality

assurance.

5.0 Organizational Authority

Earth Systems Instituteds hdCarolyiCohoaea aff membe

responsible for carrying out the QMP for NetMap, and neither one is responsible for generating
the models, analyses or for creating NetMap watershed databases (Figure 3). The three staff
members of ESI that are responsible for NetMapehddvelopment and creation of NetMap
datasets (such as for the project to create coverage in the Puget Sound lowland to be funded by
EPA) are Dr. Daniel Miller, Dr. Sandra Litschert, and Kevin Andras.

Dr. Lee Benda has ultimate authority and responsilyili f or admi ni st ering Net

program. Dr. Benda guided the development of the QMP system, along with guidance from other
staff members (e.g., Figure 2) and is well versed in the design and implementation of NetMap
and its databases (Benda et al. 2@¥hda et al. 2009).

12
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The quality assurance components GMRd QMP generate computer logs, one for each

watershed database, that are reviewed by an ESI staff person involved with the QMP (Carolyn
Coho). A watershed QMP report is generated for each haidatabase (Figure 4). If and

when omissions and/or errors are detected, the watershed QMP report records details of the data
omissions or errors and it is distributed to Dr. Lee Benda and the team members responsible for
developing NetMap tools andtddases (Figure 4). The source of the omissions and errors are
determined, and rectified. The NetMap databases are corrected and the revised product sent back
through the QMP and QMP process. The watershed QMP report is put on file.
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Figure 3. Theorgai zati onal structure of ESI staff al
development from its QMP program.

14

310 N. Mt. Shasta Blvd, Suite 6, Mt. Shasta, CA 96067/3040 NW 57" Street, Seattle, WA 98107-2551
530 926-1066/206-633-1792; also see www.earthsystems.net



