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1 DESCRIPTION

1.1 Purpose

This document provides an overview of the data included in this NEON Level 4 data product, which is gen-
erated from Level 1 OS data, and associated metadata. In the NEON data products framework, the raw
data collected in the field (i.e. staff gauge and discharge measurements from a single collection event) are
considered the lowest level (Level 0). Raw data that have been quality checked and simple metrics that
emerge from the raw data are considered Level 1 data products. Level 4 data products rely on inputs of
any level data, often L1 or higher, and may involve calculations that use data collected over a range of
spatial or temporal scales.

The text herein provides a discussion of measurement theory and implementation, data product prove-
nance, quality assurance and control methods used, and approximations and/or assumptions made dur-
ing L4 data creation.

1.2 Scope

This document describes the steps needed to generate the L4 data product Stage-discharge rating curves
(NEON.DP4.00133) - the parameters that describe the relationship between staff gauge measurements
and discharge measurements made over a range of dates and flow conditions - and associated metadata
from input data and calculations. This document also provides details relevant to the publication of the
data products via the NEON data portal, with additional detail available in the file, NEON Data Variables
for Stage-Discharge Rating Curves (DP4.00133.001) (AD[03]), provided in the download package for this
data product.

This document describes the process for performing custom calculations derived from L1 discharge field
collection data (NEON.DP1.20048), L4 wadeable stream morphology data (DP4.00131.001), L4 bathymet-
ric and morphological maps (DP4.00132.001), geolocation data, and previous L4 Stage-discharge rating
curves data. For information of the raw data that are ingested and processed for the source data product
see the following: for discharge field collection, NEON User Guide to Discharge Field Collection (AD[07])
and NEON.DP0.20048.001_dataValidation.csv (AD[08]); for wadeable stream morphology, NEON User
Guide to Wadeable Stream Morphology (AD[09]); for bathymetric and morphological maps, NEON User
Guide to Bathymetric and Morphological Maps (AD[10]). Documents are available for download with the
respective L1 data package. Please note that raw or lower level source data products (denoted by ‘DP0’)
may not always have the same numbers (e.g., ‘20048’) as the corresponding L1 or L4 data product.

Page 1 of 10



Title: NEON User Guide to Stage-Discharge Rating Curves (NEON.DP4.00133) Date: 03/08/2022

neen

Operated by Battelle Author: Kaelin M. Cawley Revision: C

r4

2 RELATED DOCUMENTS AND ACRONYMS

2.1 Associated Documents

AD[01] NEON.DOC.000001 NEON Observatory Design (NOD) Requirements

AD[02] NEON.DOC.002652 NEON Level 1, Level 2 and Level 3 Data Products Catalog

AD[03] NEON.DP4.00133.001 NEON Data Variables for Stage-Discharge Rating Curves
_variables.csv (DP4.00133.001)

AD[04] NEON.DOC.001152 NEON Aquatic Sampling Strategy

AD[05] NEON.DOC.000008 NEON Acronym List

AD[06] NEON.DOC.000243 NEON Glossary of Terms

AD[07] NEON_streamDischarge NEON User Guide to Discharge Field Collection
_userGuide.pdf (DP1.20048.001)

AD[08] NEON.DP1.20048.001 NEON Data Validations for Disharge Field Collection
_validation.csv (DP1.20048.001)

AD[09] NEON_streamMorphology | NEON User Guide to Wadeable Stream Morphology
_userGuide.pdf (DP4.00131.001)

AD[10] NEON_bathymetry _user- | NEON User Guide to Bathymetric and Morphological Maps
Guide.pdf (DP4.00132.001)

2.2 Acronyms

Acronym Definition

Q Discharge

H Stage height

m Meters

m3/s Cubic meters per second

L/s Liters per second

ADCP Acoustic Doppler Current Profiler
MCMC Markov Chain Monte Carlo

BaM Bayesian Modeling

BaRatinAGE Bayesian Rating Curve Advanced Graphical Environment
GUI Graphical User Interface

Ul User Interface
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3 DATA PRODUCT DESCRIPTION

The Stage-discharge rating curves (DP4.00133.001) data product provides a rating curve that de-

scribes the relationship between staff gauge and discharge measurements at stream, river, and lake in-
flow/outflow locations each water year (October 1° - September 30"). The relationship developed for
the rating curve is used for computing the Continuous discharge (DP4.00130.001) data product. An exam-
ple rating curve that was plotted for a range of discharge (y-axis) and stage values (x-axis) is plotted below
(Figure 1).
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Figure 1: An example rating curve (red line) with parametric uncertainty (light red shading). Blue line and
shading represent "prior” rating curve and parametric uncertainty using information based on hydraulic
controls only, respectively. Picture taken from “Rating Curve” documentation for BaRatinAGE (Le Coz,
2013; Le Coz, 2014).

3.1 Spatial Sampling Design

A stage-discharge rating curve is developed at the site level (except for Toolik Lake, where two stations
will have rating curves produced, the inflow and outflow to the lake) using data collected at the same spa-
tial scale as the discharge and stage measurements, which are measured at all wadeable stream sites on
a run or riffle near sensor set #1 or sensor set #2 and near the buoy at river sites. Point measurements

of water depth and velocity are made along the transect from one bank to the other using a wading rod
and attached velocity meter (at wadeable stream sites and Toolik Lake inflow and outflow) or acoustic
Doppler current profiler instrumentation (at wadeable streams, non-wadeable rivers, and Toolik Lake
inflow and outflow). If a discharge cross-section or staff gauge is re-located, a new rating curve may be
developed for a site if the hydrologic data is no longer directly comparable to the existing set of stage and
discharge measurements.

Page 3 of 10



Ao
INST

r4

ne c.’ n Title: NEON User Guide to Stage-Discharge Rating Curves (NEON.DP4.00133) Date: 03/08/2022

Operated by Battelle Author: Kaelin M. Cawley Revision: C

Table 1: List of input data for Stage-Discharge Rating Curves.

Data Source DPID table

L1 Discharge field collection data DP1.20048.001 dsc_fieldData

L1 Discharge field collection data DP1.20048.001 dsc_individualFieldData
L1 Discharge field collection data DP1.20048.001 dsc_fieldDataADCP

L4 Stream morphology map DP4.00131.001 geo_controlinfo

L4 Stream morphology map DP4.00131.001 geo_priorParameters
L4 Stream morpgology map DP4.00131.001 geo_curveldentification
L4 Bathymetric and morphological maps DP4.00132.001 bat_controlinfo

L4 Bathymetric and morphological maps DP4.00132.001 bat_priorParameters
L4 Bathymetric and morphological maps DP4.00132.001 bat_curveldentification

As much as possible, sampling occurs in the same locations over the lifetime of the Observatory. How-
ever, over time some sampling locations may become impossible to sample, due to disturbance or other
local changes. When this occurs, the location and its location ID are retired. A location may also shift to
slightly different coordinates. Refer to the locations endpoint of the NEON API for details about locations
that have been moved or retired: https://data.neonscience.org/data-api/endpoints/locations/

3.2 Temporal Sampling Design

A stage-discharge rating curve for a site or station is created following the conclusion of the water year
(October 1% to September 30™).

3.3 Variables Reported

All data and geolocation variables used as inputs for the development of a stage-discharge rating curve
are listed in Table 1 and Table 2. All variables reported in the published data (L4 data) are also provided
separately in the file, NEON Data Variables for Stage-Discharge Rating Curves (DP4.00133.001) (AD[03]).

Field names have been standardized with Darwin Core terms (http://rs.tdwg.org/dwc/; accessed 16
February 2014), the Global Biodiversity Information Facility vocabularies (http://rs.gbif.org/vocabulary/
gbif/; accessed 16 February 2014), the VegCore data dictionary (https://projects.nceas.ucsb.edu/nceas/
projects/bien/wiki/VegCore; accessed 16 February 2014), where applicable. For AOS, Earth Gravitational
Model 96 (EGM96) is the reference gravitational ellipsoid. Latitudes and longitudes are denoted in deci-
mal notation to six decimal places, with longitudes indicated as negative west of the Greenwich meridian.

Some variables described in this document may be for NEON internal use only and will not appear in
downloaded data.
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Table 2: List of geolocation inputs for Stage-Discharge Rating Curves. Staff gauge and discharge transect
geolocation data may contain multiple named locations (e.g., SITE.AOS.gauge.b, SITE.AOS.gauge.c). At
Toolik Lake inflow/outflow locations, SITE will equal TOOK.inflow and TOOK.outflow, respectively.

Data Source field location
NEON geolocation database | location startDate SITE.AOS.discharge
NEON geolocation database | location endDate SITE.AOS.discharge

NEON geolocation database | location startDate SITE.AOS.gauge

NEON geolocation database | location endDate SITE.AOS.gauge

NEON geolocation database | location elevation SITE.AOS.gauge
NEON geolocation database | location zOffset SITE.AOS.gauge

3.4 Spatial Resolution and Extent

The finest spatial resolution at which data are reported is a site, except at Toolik Lake where data is pub-
lished from two stations.

3.5 Temporal Resolution and Extent

The finest temporal resolution at which data are reported is the interval of a rating curve not to exceed
one water year (October 1% to September 30™"). When there is a single stage-discharge rating curve for a
water year, data will be published for September of said water year. When changes in channel morphol-
ogy, hydrology, or geolocation data necessitate more than one stage-discharge rating curve for a water
year, data will be published for multiple months of a water year. Users should download stage-discharge
rating curve data from the NEON data portal for the time interval of October - September of a water year
to ensure they are downloading the extent of the data available.

3.6 Associated Data Streams

The data from this L4 data product is derived from a L1 data product: Discharge field collection
(DP1.20048.001). These data products can be linked by sitelD.

For wadeable streams, the data from this L4 data product are derived from a L4 data product: Stream
morphology map (DP4.00131.001). For rivers and lake inflow and outflow locations, the data from this L4
data product are derived from a L4 data product: Bathymetric and morphological maps (DP4.00132.001).
The data from the Stream morphology map and Bathymetric and morphological maps data products that
are associated with this data product are published with this data product. Data relationships are detailed
in Section 3.8.

The data from this L4 data product is used to develop a level 4 (L4) data product: Continuous discharge
(DP4.00130.001). These data products can be linked by curvelD.
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3.7 Product Instances

The NEON Observatory contains 24 wadeable streams, 3 large rivers, and 1 lake site containing measur-
able inflow and outflow.

Stage-discharge rating curves yields approximately 29 rating curves (1 per stream and river site, 2 at Too-
lik Lake) per water year comprised of approximately 702 stage and discharge pair records per year during
stage-discharge relationship development and 324 stage and discharge records per year once a relation-

ship has been developed.

3.8 Data Relationships

The algorithm used for this L4 data product produces as many records in sdrc_gaugeDischargeMeas

as is used to develop a rating curve, which will include approximately as many records as in the past
water year in both the dsc_fieldData and dsc_fieldDataADCP tables in the Discharge field collection
(DP1.20048.001) data product, and may include records from previous water years if the measurements
are relatable to the past water year. The values may differ in the two tables because, during rating curve
development, the gauging records for each water year are evaluated and outliers in the stage/discharge
gauging records are removed from rating curves if deemed appropriate (due to measurement errors or
other apparent problems associated with the gauging). Gaugings from previous years that match the
stage-discharge relationship observed in the current water year and have relatable staff gauge geolo-
cations are included in the new rating curve. Discharge values are recalculated from point measure-
ments in the dsc_individualFieldData table in the Discharge field collection (DP1.20048.001) data prod-
uct and stage values are offset using information from the NEON geolocation database. Stage offset
values correct staff gauge height data after having changed location. First, a total reference elevation

is calculated for a staff gauge location as the sum of a staff gauge’s elevation above sea level (m) and
zOffset (vertical correction needed in order for the staff gauge location to be relatable to previous staff
gauge locations; m). Second, the total reference elevation for the initial location of a staff gauge is sub-
tracted from each subsequent location to obtain the stage offset value for each subsequent location.
Third, every stage measurement between the start date and end date of a staff gauge location will have
the appropriate stage offset applied. One record is created for each hydraulic control at a site for the
sdrc_posteriorParameters table. One record is created for each rating curve (usually one per year) for
the sdrc_stageDischargeCurvelnfo table. 500 records per hydraulic control at a site are created for the
sdrc_sampledParameters, which represent the Markov Chain Monte Carlo (MCMC) samples of the range
of model parameters. One record per staff gauge/discharge measurement set used to develop the rating
curve is created in the sdrc_resultsResiduals table.

sdrc_gaugeDischargeMeas.csv - > One record expected per staff gauge and discharge measurement used
to develop the rating curve for the current water year

sdrc_posteriorParameters.csv - > One record expected per hydraulic control at a site

sdrc_stageDischargeCurvelnfo.csv - > One record expected per rating curve developed for a site for the
current water year

sdrc_sampledParameters.csv - > 500 records expected per hydraulic control at a site

Page 6 of 10
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sdrc_resultsResiduals.csv - > One record expected per staff gauge and discharge measurement used to

develop the rating curve for the current water year

gaugeEventID can be used to link data in the sdrc_gaugeDischargeMeas and sdrc_resultsResiduals ta-
bles. There may be multiple entries for a given gaugeEventID in the sdrc_resultsResiduals table if the staff
gauge and discharge readings were used in more than one rating curve, which is common if the stream or

river does not undergo major geomorphic change between water years.

allEventID in the sdrc_stageDischargeCurvelnfo table contains a concatenated string, which can be
parsed using a “|” delimiter to determine which gaugeEventIDs were used for developing a specific
rating curve. Parsing allEventID will enabe linking the sdrc_stageDischargeCurvelnfo table with the

sdrc_gaugeDischargeMeas and sdrc_resultsResiduals tables.

curvelD can be used to link the sdrc_posteriorParameters, sdrc_stageDischargeCurvelnfo,

sdrc_sampledParameters, and sdrc_resultsResiduals tables.

The following data tables are processed as part of either the L4 Stream morphology map (DP4.00131.001)
data product for stream sites or L4 Bathymetric and morphological maps (DP4.00132.001) for river

sites and lake inflow and outflow locations, but are published with the Stage-discharge rating curve
(DP4.00133.001) data product; therefore, the tables are described in this document and not described

in NEON User Guide to Wadeable Stream Morphology (DP4.00131.001) (AD[09]) nor NEON User Guide to

Bathymetric and Morphological Maps (DP4.00132.001) (AD[10]).

geo_controlinfo - > Three records expected per controlNumber. Data associated with the activation
state of the hydraulic controls for a discharge cross section at stream sites. This table is linked to the

bat_priorParameters and bat_controlType tables through the controlINumber.

bat_controlinfo - > Three records expected per controlNumber. Data associated with the activation state
of the hydraulic controls for a discharge cross section at river sites and lake inflow and outflow locations.
This table is linked to the bat_priorParameters and bat_controlType tables through the controlNumber.

geo_controlType - > One record expected per controlNumber. Data associated with the control type and

geometry at stream sites used for determining prior parameters for Bayesian modeling.

bat_controlType - > One record expected per controlNumber. Data associated with the control type and
geometry at river sites and lake inflow and outflow locations used for determining prior parameters for

Bayesian modeling.

geo_priorParameters - > One record expected per controlNumber. Data associated with the prior param-

eters at stream sites for Bayesian modeling.

bat_priorParameters - > One record expected per controlNumber. Data associated with the prior param-

eters at river sites and lake inflow and outflow locations for Bayesian modeling.

geo_curveldentification - > One record expected per curvelD. Metadata needed to identify unique stage-

discharge relationships for generating rating curves at stream sites.

bat_curveldentification - > One record expected per curvelD. Metadata needed to identify unique stage-
discharge relationships for generating rating curves at river sites and lake inflow and outflow locations.

Hydraulic control data used to generate the prior model (geo/bat_controlinfo,

geo/bat_controlType, geo/bat_priorParameters) can be linked to data in sdrc_posteriorParameters,

Page 7 of 10




X Title: NEON User Guide to Stage-Discharge Rating Curves (NEON.DP4.00133) Date: 03/08/2022

‘e Operated by Battelle Author: Kaelin M. Cawley Revision: C

sdrc_stageDischargeCurvelnfo, sdrc_sampledParameters, and sdrc_resultsResiduals through the
geo/bat_curveldentification table in the following manner:

The tables sdrc_posteriorParameters, sdrc_stageDischargeCurvelnfo, sdrc_sampledParameters,

and sdrc_resultsResiduals can each be linked to geo/bat_curveldentification by curvelD. Then,
geo/bat_curveldentification:controlSurveyEndDateTime can be linked to geo/bat_controlinfo:endDate,
geo/bat_controlType:endDate, and geo/bat_priorParameters:endDate.

4 Algorithm Theoretical Basis

4.1 Theory of measurement

Discharge is the volume of water flowing through a stream or river over time and is a function of the
height of the water column, cross-sectional area, and water velocity. In a natural stream, riffles can act

as weirs and the stream velocity is often a function of channel roughness where natural weirs are not
present. The stream channel’s physical dimension controls the cross-sectional area as the water column
height changes (Figure 2). Staff gauges are used to measure the surface water elevation relative to a fixed
reference. The staff gauge does not measure absolute water depth. Staff gauge measurements are col-
lected at the start and end of discharge measurements where wading surveys are utilized in wadeable
streams and acoustic Doppler current profiler instrumentation (ADCP) are utilized in non-wadeable rivers.
With these paired measurements and the physical hydraulic characteristics, a stage-discharge rating curve
is developed using the Bayesian Modeling (BaM) algorithm, described below.

\ 100 mé/s
\ 10 mPIs

100 L/s

Figure 2: Diagram of natural riffles acting like weirs at low water and channel controlled at higher water
level. Picture taken from “Hydraulic Analysis” documentation for BaRatinAGE (Le Coz et al., 2013; Le Coz
et al., 2014).
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4.2 Theory of Algorithm

The NEON Stage-discharge rating curves data product is developed using a Bayesian modeling technique
developed by the Bayesian Rating Curve Advanced Graphical Environment (BaRatinAGE) development
team (Le Coz et al., 2013; Le Coz et al., 2014). The executable and/or a GUI is available freely with an indi-

vidual license by sending an email to: baratin.dev@lists.irstea.fr.

The rating curve relies on a “prior” rating curve that is developed for the hydraulic controls. The physical
dimensions of the channel, the number of hydraulic controls selected, and the physical dimensions of the
hydraulic controls are derived from cross-section survey data. Exponential equations for each control are
then calculated (Equation 1). A “posterior” rating curve is then fit using the “prior” rating curve and the
gauging records using Bayesian estimation of the rating curve and a Markov Chain Monte Carlo (MCMC)
sampling (Le Coz, 2014). Equation 1 and text below are taken from “Rating curve equation” documenta-

tion for BaRatinAGE (Le Coz et al., 2013).

N

segment Ncont'rol

Q(h) = Z Lig .k g(h) X Z M(r,j) x a;(h —b;)%

r=1 j=1

(1)

In the above equation, M (r, j) is the matrix of controls, and the notation 1;(h) denotes a function
equal to 1if A is included in the interval I, and zero otherwise. This equation shows that the stage dis-
charge relation is a combination of power functions, and the matrix of controls is used to specify how this

combination operates (succession or addition of controls).

Users are directed to the information in the geo_controlinfo.csv table for the data needed for the 1;(h)

function.

4.3 Algorithm Implementation

The NEON OS transition system runs a Docker container containing R code to create a rating curve every
366 days (to account for leap years) to produce the annual rating curve (similar infrastructure to Metzger,

2017 without the use of HDFS5 file formats).

Within the Docker container:

Data for the site and water year is queried from the NEON database.
Configuration files for BaM are created.
BaM executable is run.

Eall A
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5 DATA QUALITY

5.1 Data Entry Constraint and Validation

Many quality control measures are implemented at the point of data entry (i.e., the L1 data that is used
as an input for this data product) within a mobile data entry application or web user interface (Ul).

5.2 Data Revision

All data are provisional until a numbered version is released. Annually, NEON releases a static version

of all or almost all data products, annotated with digital object identifiers (DOIs). The first data Release
was made in 2021. During the provisional period, QA/QC is an active process, as opposed to a discrete
activity performed once, and records are updated on a rolling basis as a result of scheduled tests or feed-
back from data users. The Issue Log section of the data product landing page contains a history of major
known errors and revisions.

5.3 Uncertainty

One of the benefits of using BaM and MCMC sampling is that there are a large number of realizations
from the posterior distribution, which can be used to quantify uncertainty associated with the maximum
liklihood posterior parameters (BaRatin statistical model documentation and Le Coz et al., 2014). NEON
publishes both the parametric and remnant (structural) error based off of 500 realizations from the pos-
terior distribution.

5.4 Quality Flagging

There are currently no quality flags associated with this data product
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