Improving Paleohydrologic Source-to-Sink Estimates by Merging Big Data and the Fulcrum Approach
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Abstract

Quantifying source-to-sink sediment flux for stratigraphic systems is critical for accurate basin models, but all available .

Results Cont.

Bankfull estimate values have been acquired through literature research for over 500 streams. Values are only considered

. : .- : : am : Std. Error
methods are hampered by low precision and most require d.ata not reagﬂy z}ttal.ned by common supsurface studles.. The within this study where bankfull discharge is measured by workers on streams where daily stream gauge data spanning a Dependent | Independent | R R2 A:ljusted £ the
Fulcrum approach uses the variables of channel bankfull thickness and grain size to calculate sediment bankfull discharge minimum of 5 years was also available for acquisition @ R Estimate

: : q .. . a
and converts this to an annual sediment volume. The fulcrum approach uses commonly collected data but similarly * Basic workflow for acquisition and data management was established (Figure 3), and a data structure for the architectural Z o, DA (km?)
yields only approximate flux estimates. In order to calculate a more precise source-to-sink estimate for long basin dura- model of the SQL database was developed (Figure 4). g‘
tions, the amount of time the fluvial systems runs at bankfull flow and the annual proportion of sediment discharged * Partnering with the Texas Christian University Computer Science Department a SQL database was created and all ac- A tba (Days) Dyr (m) 0.200972 | 0.04039 | 0.033486 5.09156
during this bankfull flow must also be determined. By categorizing fluvial systems by attributes such as drainage area quired data including both stream specific attributes such as location of the gauging unit and drainage area, and daily dis- e Apr (W)
and paleoclimate at the time of discharge, a more specified and accurate bankfull flow duration and total bankfull sedi- charge values have been loaded into this SQL database for analysis. The RAFTER user interface was also built by the Com- : ‘ 5 Dis (m)
ment discharge 1s estimated. We constructed a database that stores and categorizes these data and a user interface puter Science Senior Design team to make the data more accessible. 5 - fpa (DAYS) 0156536 | 0024519 | 0019929 5 09692
(RAFTER: Rlver.Analogue a1.1d Fu1c1:um Tr.anspf)rt Es.tlmates Repository) to query and d1§play this data. Daily stream * Daily water discharges from these gauges where compared to the measured bankfull discharge values collected from liter- E Ape (M)
gauge data spanning degades 1s used 1n .conjunctlon.vvlth mea.sured bankfull values from literature to populate the datasets ature, deriving on average how many days in a year each stream flows at bankfull levels (tbd). How daily discharge values - DA (km?)
for the database and derive stream specific data attributes. This bankfull flux searchable database evaluates stream gauge are collected by stream gauges is explained in detail by Olson and Norris of the USGS (2007). g fom toa (Days) 0103129 | 0.010648 | 0006738 539108
data for modern fluvial systems according to classes such as climate setting and 1s also a useful tool for identifying * Days at bankfull were binned based on the criteria of climate. Climate being defined by using the K6ppen classification g br ()
analog stream data scaled to drainage basin and channel size. It .evaluates .d631gna.tecj parameters of days w1th1g a yeat (Figure 4a, 4b), which is over a century old but remains the most used climate classification to date (Peel et al, 2007). To ad- . DA (km?)
that the river runs at bankftull tflow, as well as the yearl}f proportion of sediment dlsc.nargedo over bankfull duration. The dress a large variety of climates, data was acquired from both domestic and international sources including the United States e T o e e w| || tea Days) D () 0.138192 | 0.019097 | 0.014404 5.14157
database can thus yield a more accurate value for du.ratlon gt b.ankfull. ﬂqw and sed1m§nt d1scharge at bankfull from Geological Survey (USGS), The Water Survey of Canada (HYDAT), Institute of Hydrology, Meteorology and Environmen- I 6[}1'311132& Area(km?)  ChannelDepth(m)  Channel Area (m?)
modern rivers that can be used as an analog for stratigraphic rivers with interpreted climate and size parameters. Results tal Studies: Colombia (IDEAM), and The Office of Public Works: Ireland (OPW). sur Table 1
show a key breakdown in bankfull duration, with arid and tropical rivers on the order of a fraction of a day per year ’ Figure 6: Linear regression models with confidence bands for the dependent variable of tbd and the independent variables of drainage
boreal climates tending to be an order of magnitude longer and temperate climates still longer. Categorizing stratigraphic ava Based TETE— area, mean bgnlffull-channel depth at}d bankfull-.channel cross-sectional area for all §treams with a drainage area lfss than 30,000km?,
. . . . — — STREAM DISCHARGE DATA .
rivers by known climate and other parameters, can lower the total error in sediment flux from paleohydrology by a geo- Bankfull Data Website SITE_ID INT PK — - e — Table 1. Statistical summary of multiple TEBIESSIoN model for all streams with a.dramage area less than 30,000km, computed by the
- Acquisition SaramiE SITE_NAME VARCHAR(255) - Aabel software [tbd, average annual days within 10% of bankfull flow; DA, Drainage Area; Dbf, mean bankfull-channel depth; Abf,
metric factor. crap BK_DISCHARGE CUBIC FT PER SEC DECIMAL - . = : : : : S
BK DISCHARGE CUBIC M PER SEC DECIMAL DISCHARGE_CUBIC_FT_PER_SEC ~ DECIMAL Bankfull-channel cross-sectional area; R, correlation coefficient; R?, coefficient of determination; m, meters; m?, square meters; km?,
DISCHARGE CUBIC M PER SEC DECIMAL .
Purp O S e E—— Climate by EEA;_IS}%J&(_J%?E ?AE{CHAR(zss) — SUSPENDED SED DISCHARGE ~ DECIMAL square kilometers]
SOURCE_CONFIDENCE INT DIS SOURCE VARCHAR(64) , ) ) ) ,
Discharge County Stream CHANNEL DEPTH_FT DECIMAL — * For all linear regression tests as well as the multiple regression model no correlation was found between average annual
CHANNEL WIDTH FT DECIMAL = - . . .
. L . . Values from Reference CrLgs [BalE CHANNEL DEPTH M DECIMAL STE D ~ TR days at bankfull (tbd) and the spatial attributes of drainage area, mean bankfull-channel depth and/or bankfull-channel
The accuracy of the Fulcrum approach relies on estimating the duration of time a stream runs at bankfull flow (tbd) and the Literature Data (txt file) CHANNEL WIDTH M DECIMAL SITE_NAME VARCHAR (255) cross-sectional area
: : : : : : : : : CHANNEL_H_REF VARCHAR(255) LONGITUDE DECIMAL - :

proportl.on (?f sedlment. discharged during this ﬂ.OW (b). Mean annual sediment dlscharge (Qma.s) 1s estimated for. a channel CHANNEL W_REF | VARCHAR(255) LATUDE DECAL . While correlation between the tested spatial attributes and tbd was not supported, when binning by Major climate or by

by multiplying the variables of (tbd) and (b) against a calculated value for bankfull sediment discharge (Qbts), with full REF_LITERATURE_SOURCE —ONG_ C6) . . L . e . .. .

. . . REF_SOURCE_ID __INT PK COUNTY_ID Ll FLC 3rd order Koppen climate significant variance indicating distinct populations in average tbd 1s observed and supported by

methods for calculation of (Qbts) provided in Holbrook and Wanas (2014). REF SOURCE ___ VARCHAR(600) STAIE D INT FK . . . . . . .

0 Qbis(tbd)b COUNTRY.ID O K ANOVA testing with average tbd values ranging from less than 1 day in tropical rainforest climate streams (Af) to more than
mas— ts REF CLIMATE 2 . . . . . .
, , L , , , , ALTITUDE DECIMAL a week of bankfull duration annually 1n cold climates with seasonal rainfall (Dsa, Dsb) (Figure 7).
The purpose of this study 1s to minimize error in the Fulcrum approach (Figure 1) by replacing the currently used generic Dat - e taaaal DRAINAGE_AREA MI  DECIMAL Y ( ) (Fig )
R . . . . ala mapplng YND ORDER VARCHAR(64) DRAINAGE AREA KM DECIMAL 45
value of 7.3 days a year for bankfull flow duration (tbd) with a climate specific value for tbd (Figure 2). and 'RD ORDER  VARGHAR(64) AVG_ WITHIN_10 DECIMAL
normalization SYMBOL VARCHAR(64) AVG IR 20 DECAL —~ @
e TN DATA BEGIN_DATE DATE A
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i source of error in the STATE ABBREVIATION VARCHAR(64) LOWNIY JD INT PK/FK E
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Fulcrum Test . Interface Figure 3 (left): Workflow for acquisition and development. T : |
, Load Converstion; by : . . 2 s
Slope/Ban ﬂ hields Number . . . Figure 3 Figure 4 (Above): Architectural model of the SQL database. S q ._ q
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appr()aCh can be mOSt . . . . . m w f f a 5a g a c sa
Sampling Rep ntative Grain-Size affected (Holbrook and * [ have queried the created SQL database 1n order to complete analysis to determine how often each specific stream runs Count B e R R e e e B e B e B LB S - e B
y 0.5 N Wanas, 2014) within 10 percentag§ of the bankfull values collected from the literature and to determine the relationship between day§ at A 2z e e T R B L B 2!
stimating ean Dune Height bankfull and the attributes of drainage area, mean bankfull-channel depth, bankfull-channel cross-sectional area and climate. Outliers 1 0 0 2 3 0 0 14 7 2 1 14 12 0 0 2 0
0.25 , N , , . , StdDev 0.07 316 (Empty) 026 3.43 0.05 8.72 7.35 827 3.96 6.05 4.43 3.17 1.75 452 6.49 1.90
. | * A total of 524 streams, addressing 17 of the 30 Koppen climates, met the data requirements and were leveraged 1in this 195 0.14 547 162 034 356 009 2212 547 668 514 766 290 276 256 1229 1067 422
{hannel Thickness Measurement S L95 0.03 007 162 010 129 001 204 244 162 035 371 099 176 058 560 450 0.08
0.25 analysis (Figure 5). 5 | e s s R " | " R B -
Figure 7
10 -8 -6 -4 -2 . (;__ . 2 4 6 8 10 Koppen Figure 7: Box-and-whisker plots comparing tbd when binned by Koppen climate category for all streams with a drainage
Figure 1 rror ractor Number Climate Climate Description area less than 30,000 km? [tbd, average annual days within 10% of bankfull flow; Avg, Average; StdDev, Standard devia-
of S;tes Cl“sfgﬂ“““ R tion; U935, upper endpoint of 95% confidence interval; L9535, lower endpoint of 95% confidence interval]
ropica inforest
5 Am Tropical Monsoon D . . d C 1 .
1 Aw Tropical Savannah 1SCUS SlOn an OnC USK)HS
17 BSh Arid Steppe Hot
35 BSk Arid Steppe Cold « Correlation between the temporal attribute of days at bankfull (tbd) and the spatial attributes of drainage area, mean bank-
4 BWh Arid Desert Hot full-channel depth and/or bankfull-channel cross-sectional area is not supported in this study.
2 BWk Arid Desert Cold e Climate significantly impacts average annual bankfull duration (tbd) of a stream whether binning by major or Kdppen cli-
90 Cfa Temperate Without dry season Hot Summer e Annlvi limat -t d val Co. . ds (fl firat hen | din the Ful
4 Figure 2: Koppen-Geiger type 41 Ch Temperate Without dry season Warm Summer mate. Applying climate specific tbd values minimizes error in sediment flux estimates when leveraged in the Fulcrum ap-
4| climate map (Peel et al, 2007) 8 Csa Temperate Dry Summer Hot Summer proach. . . o . . . L
- & 36 Csb Temperate Dry Summer Warm Summer e Outlier tbd values, 1.€. the 14 outliers in the temperate humid hot climate of Cfa, primarily result from additional parameters
. a 7 | 83 Dfa Cold Without dry season Hot Summer not considered in this study such as differing physiographic regions.
: R 158 Dfb Cold Without dry season Warm Summer
g & :
, TN 12 Dic Cold Without dry season Cold Summer
' | -, 7 Dsa Cold Dry Summer Hot Summer Re ference S
> =N h A\ 17 Dsb Cold Dry Summer Warm Summer Holbrook, John, and Hamdalla Wanas. "A Fulcrum approach to assessing source-to-sink mass balance using channel paleohydrologic paramaters derivable from common fluvial data sets
Csa Cwa Cfa Dsa Dfa ET 3 ET Tundra with an example from the Cretaceous of Egypt." Journal of Sedimentary Research 84.5 (2014): 349-372.
Flgure S: KOpp cn chmate f:las&ﬁcatlons with climate dGSCI’lp tions (Peel et al" 2007) as aSSIgned for Olson, Scott A., and J. Michael Norris. US Geological Survey Streamgaging... from the National Streamflow Information Program. No. 2005-3131. Geological Survey (US), 2007.
cach stream included 1n this study.
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