
1 

 

Comment on Revised Definition of Waters of the United States (WOTUS) 

Docket ID number: EPA-HQ-OW-2018-0149-0003 

Federal Registry date and reference: February 14, 2019 84 FR 4154 

 

Stephanie Kampf, Associate Professor, Watershed Science 

Aditi Bhaskar, Assistant Professor, Civil and Environmental Engineering 

Abby Eurich, MS candidate, Watershed Science 

Steven Fassnacht, Professor, Watershed Science 

Melinda Laituri, Professor, Watershed Science 

LeRoy Poff, Professor, Biology 

Kira Puntenney-Desmond, Research Associate, Natural Resources Ecology Laboratory 

Sara Rathburn, Associate Professor, Geosciences 

Julianne Scarmado, MS candidate, Geosciences 

Katie Willi, MS candidate, Watershed Science 

Ellen Wohl, Professor, Geosciences 

 

We are a group of scientists from Colorado State University writing to oppose (1) the exclusion 

of ephemeral streams from protection as WOTUS and (2) determining the regulatory status of 

streams on the basis of flow regime rather than channel geomorphology.  

 

1. Ephemeral streams should be protected as WOTUS 

 

To protect the water quality of navigable waterways, the waters that contribute pollutants to 

these waterways must also be protected. Restricting the definition of tributaries to only perennial 

and intermittent streams would arbitrarily remove protection from many streams that can 

cause downstream pollution. Multiple lines of evidence show that ephemeral streams have a 

significant nexus to downstream navigable waters. Ephemeral streams supply water, sediment, 

and nutrients to intermittent and perennial streams (Goodrich et al. 2018). They are often the 

sources of large sediment pulses to downstream waters during storms (Reid and Laronne 1995), 

can transport bedload sediment more efficiently than their perennial counterparts (Laronne and 

Reid 1993), and can have extremely high suspended sediment concentrations (Graf et al. 1996; 

Billi 2011). The sediments transported can contain adsorbed contaminants including metals from 

abandoned mines (Mackay and Taylor 2013), radionuclides from uranium mines and tailings 

ponds (Graf et al. 1996), and plutonium from decades old wastewater (Reneau et al. 2004). Such 

contaminants can be transported during flash floods and pose long-term risks to downstream 

water quality (Malmon et al. 2005). When ephemeral streams flow, they also bring with them 

nutrients and organic matter that accumulated in uplands of watersheds during dry periods from 

aeolian deposition, decomposition, and other processes (Meixner et al. 2007; Brooks et al. 2007).  

 

Restricting the definition of tributaries to only perennial and intermittent streams would create 

substantial regional variability in Clean Water Act jurisdiction. In more humid regions such 

as the eastern, midwestern and northwestern U.S., drainage areas less than 50 acres (0.1 mi2) can 

sustain perennial flow (Jaeger et al. 2007; Roy et al. 2009). In such areas ephemeral streams may 

represent less than half of the mapped stream length (Goodrich et al. 2018). In contrast 

throughout most of the arid and semiarid western U.S., the majority of stream length is 

ephemeral (Goodrich et al. 2018). In Utah, New Mexico, Nevada, and Arizona, ephemeral 
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streams represent 79-94% of the mapped stream length (Goodrich et al. 2018). If these streams 

are not considered WOTUS, then most streams in the dry interior west would not be 

protected under the Clean Water Act. The proposed rule would also exclude perennial and 

intermittent stream segments that are upstream from ephemeral channels as well as those that 

flow into endorheic (closed) basins that do not contain navigable waters. Such stream types are 

common in the western U.S., particularly in the Great Basin area.  

 

2. Agencies should continue to use geomorphic features to define WOTUS 

 

The Revised Definition solicited comments on using flow regime indicators such as seasonality, 

connection to the water table, typical year flow, and other aspects of flow regimes to define 

WOTUS. Such definitions are presumably under consideration as alternatives to geomorphic 

indicators of streams: bed, banks, high water mark. The problem with using flow regime to 

determine whether a stream is considered part of WOTUS is that flow regimes are unknown 

for the vast majority of tributary streams. Identifying flow regimes of tributaries requires 

long-term data that capture changes in flow over time for a wide range of stream types.  

 

 
Snapshot of USGS streamflow gauging network (https://maps.waterdata.usgs.gov/mapper/index.html) 

illustrating the low density of monitoring sites in the arid interior west.  

 

Headwater tributaries with small drainage areas are most likely to be ephemeral, but they are not 

well-represented in the streamflow gauging network (Hapuarachchi et al. 2011). Only 20% of the 

basins smaller than 500 mi2 are gaged in the conterminous U.S.; in the Rio Grande, Lower 

Colorado, and Great Basin less than 10% of basins smaller than 500 mi2 are gaged (Kiang et al. 

2013).  Streams in dry areas of the U.S. also have high inter-annual variability in flow (Dettinger 

and Diaz 2000; Fassnacht 2006) and therefore require long time periods of data collection to 

quantify the flow regime. While the streamflow gaging network of the U.S. is extensive, it 

underrepresents small and ephemeral streams because the priorities for monitoring have been 

larger waterway issues such as flood forecasting, transboundary water issues, power production, 

and navigation (Eberts et al. 2018). A gauging network that best supports prediction of stream 

type would need to stratify monitoring by climate, geology, soils, land use, water use, drainage 

area, and other attributes that change flow regimes (Yadav et al. 2007; Kennard et al. 2010).  

https://maps.waterdata.usgs.gov/mapper/index.html
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Researchers are actively working to develop methods for defining flow regimes on ungauged 

streams, continuing on the decade of work on Prediction in Ungauged Basins (Sivapalan et al. 

2003; Emmerik et al. 2015). Yet even after decades of work on hydrologic modeling, hydrologic 

models are not always reliable for predicting flow regimes in ungauged areas (Wagener and 

Montanari 2011; Parajka et al. 2013; Long et al. 2015).  A review of studies predicting 

streamflow in ungauged catchments identified efficiency coefficients ranging from -4.3 to 0.87, 

with a median of 0.54 in arid and 0.66 in humid climates (Parajka et al. 2013). An efficiency 

coefficient of 1.0 indicates a perfect fit, and values <0.5 are considered unsatisfactory (Moriasi et 

al. 2007). Maps of stream types (perennial, intermittent, ephemeral), can also be inaccurate, 

particularly for headwater streams where researchers have found 39-70% disagreement between 

field observations and mapped stream types (Fritz et al. 2013).  

 

Mapping stream types and modeling streamflow remains challenging because the factors 

determining streamflow are so complex and variable. Developing reliable classifications of 

streams as ephemeral, intermittent, or perennial will require more extensive monitoring 
than is currently in place. Monitoring can include traditional stream gauge sensor networks, low 

cost sensors that detect flow presence or absence (Chapin et al. 2014), citizen science 

observations of streamflow presence or absence (Turner and Richter 2011; Kampf et al. 2018), 

and/or satellite or aircraft remote sensing image analysis (Höfle et al. 2009; Mueller et al. 2016). 

Where sufficient measurements are available in space and time, these can be used to develop 

improved maps of stream types (Jaeger et al. 2019).  

 

In contrast to flow regime, geomorphic indictors of stream characteristics (bed, banks and high 

water marks) are visible, enduring features that can be measured in the field using surveying, 

GPS, ground-based or airborne LiDAR; structure from motion photogrammetry, or any other 

source of fine-resolution topographic data (French 2003; Passalacqua et al. 2012; Westoby et al. 

2012; Sofia et al. 2015). It is feasible to identify locations of channels during single field visits or 

airborne surveys. Geomorphic indicators can be used to differentiate recent, more frequently 

occurring flows from rare historic high flows (Baker et al. 1988). These indicators have long 

been used by state and federal personnel, and detailed training manuals have been developed to 

facilitate these analyses (e.g. Harrelson et al. 1994; Lichvar and McColley 2008). 

 

3. Summary statement 

 

In summary, ephemeral streams should continue to be protected under the Clean Water Act 

as Waters of the United States. These streams constitute the majority of stream length in much of 

the country, and they can be major sources of sediments and contaminants to downstream 

navigable waterways. Further, a definition of WOTUS based on a stream’s flow regime 

(ephemeral, intermittent, perennial) would result in substantial ambiguity in which streams 

are or are not regulated under the Clean Water Act. Although researchers are actively working 

to improve methods for predicting stream flow regimes, the current streamflow monitoring 

network is insufficient for developing and testing these methods. Consequently we recommend 

that WOTUS continue to be defined based on channel geomorphology.  

 

This comment was written by the authors and is not offered on behalf of Colorado State University  



4 

 

References 

Baker, V. R., Kochel, R. C., & Patton, P. C. (1988). Flood geomorphology. In Flood 

geomorphology. Wiley-Interscience. 

Billi, P. (2011). Flash flood sediment transport in a steep sand-bed ephemeral 

stream. International Journal of Sediment Research, 26(2), 193-209. 

Brooks, P. D., Haas, P. A., & Huth, A. K. (2007). Seasonal variability in the concentration and 

flux of organic matter and inorganic nitrogen in a semiarid catchment, San Pedro River, 

Arizona. Journal of Geophysical Research: Biogeosciences, 112(G3). 

Chapin, T. P., Todd, A. S., & Zeigler, M. P. (2014). Robust, low‐cost data loggers for stream 

temperature, flow intermittency, and relative conductivity monitoring. Water Resources 

Research, 50(8), 6542-6548. 

Dettinger, M. D., & Diaz, H. F. (2000). Global characteristics of stream flow seasonality and 

variability. Journal of Hydrometeorology, 1(4), 289-310. 

Eberts, S.M., Woodside, M.D., Landers, M.N., and Wagner, C.R., 2018, Monitoring the pulse of 

our Nation's rivers and streams—The U.S. Geological Survey streamgaging network: 

U.S. Geological Survey Fact Sheet 2018–3081, 2 p., https://doi.org/10.3133/fs20183081. 

Emmerik, T., Mulder, G., Eilander, D., Piet M., & Savenije H. (2015). Predicting the ungauged 

basin: model validation and realism assessment. Frontiers in Earth Science, 3, 62, [DOI: 

10.3389/feart.2015.00062]. 

Fassnacht, S.R. (2006). Upper versus Lower Colorado River sub-basin streamflow: 

characteristics, runoff estimation and model simulation. Hydrological Processes, 20, 

2187-2205, [doi:10.1002/hyp.6202]. 

French, J. R. (2003). Airborne LiDAR in support of geomorphological and hydraulic 

modelling. Earth Surface Processes and Landforms: The Journal of the British 

Geomorphological Research Group, 28(3), 321-335. 

Fritz, K. M., Hagenbuch, E., D'Amico, E., Reif, M., Wigington Jr, P. J., Leibowitz, S. G., ... & 

Nadeau, T. L. (2013). Comparing the extent and permanence of headwater streams from 

two field surveys to values from hydrographic databases and maps. JAWRA Journal of 

the American Water Resources Association, 49(4), 867-882. 

Goodrich, D. C., Kepner, W. G., Levick, L. R., & Wigington Jr, P. J. (2018). Southwestern 

Intermittent and Ephemeral Stream Connectivity. JAWRA Journal of the American 

Water Resources Association, 54(2), 400-422. 

Graf, J. B., Wirt, L., Swanson, E. K., Fisk, G. G., & Gray, J. R. (1996). Streamflow transport of 

radionuclides and other chemical constituents in the Puerco and the Little Colorado 

River basins, Arizona and New Mexico (No. 2459). USGPO; For sale by the US 

Geological Survey, Map Division,. 

Hapuarachchi, H. A. P., Wang, Q. J., & Pagano, T. C. (2011). A review of advances in flash 

flood forecasting. Hydrological Processes, 25(18), 2771-2784. 

Harrelson, C. C., Rawlins, C. L., & Potyondy, J. P. (1994). Stream channel reference sites: an 

illustrated guide to field technique. Gen. Tech. Rep. RM-245. Fort Collins, CO: US 

Department of Agriculture, Forest Service, Rocky Mountain Forest and Range 

Experiment Station. 61 p., 245. 

Höfle, B., Vetter, M., Pfeifer, N., Mandlburger, G., & Stötter, J. (2009). Water surface mapping 

from airborne laser scanning using signal intensity and elevation data. Earth Surface 

Processes and Landforms, 34(12), 1635-1649. 

https://doi.org/10.3133/fs20183081


5 

 

Jaeger, K. L., Montgomery, D. R., & Bolton, S. M. (2007). Channel and perennial flow initiation 

in headwater streams: management implications of variability in source-area 

size. Environmental Management, 40(5), 775. 

Jaeger, K. L., Sando, R., McShane, R. R., Dunham, J. B., Hockman-Wert, D. P., Kaiser, K. E., ... 

& Blasch, K. W. (2019). Probability of Streamflow Permanence Model (PROSPER): A 

spatially continuous model of annual streamflow permanence throughout the Pacific 

northwest. Journal of Hydrology X, 2, 100005. 

Kampf, S., Strobl, B., Hammond, J., Anenberg, A., Etter, S., Martin, C., ... & van Meerveld, I. 

(2018). Testing the waters: mobile apps for crowdsourced streamflow data. Eos, 99. 

Kennard, M. J., Pusey, B. J., Olden, J. D., Mackay, S. J., Stein, J. L., & Marsh, N. (2010). 

Classification of natural flow regimes in Australia to support environmental flow 

management. Freshwater biology, 55(1), 171-193. 

Kiang, J. E., Stewart, D. W., Archfield, S. A., Osborne, E. B., & Eng, K. (2013). A national 

streamflow network gap analysis (No. 2013-5013). US Geological Survey. 

Laronne, J. B. & Reid, I. (1993). Very high rates of bedload sediment transport by ephemeral 

desert rivers. Nature, 366(6451), 148. 

Lichvar, R. W., & McColley, S. M. (2008). A Field Guide to the Identification of the Ordinary 

High Water Mark (OHWM) in the Arid West Region of the Western United States: A 

Delineation Manual (No. ERDC/CRREL-TR-08-12). Engineer Research and 

Development Center, Hanover, NH, Cold Regions Research and Engineering Lab. 

Long, D., Longuevergne, L., & Scanlon, B. R. (2015). Global analysis of approaches for deriving 

total water storage changes from GRACE satellites. Water Resources Research, 51(4), 

2574-2594. 

Mackay, A. K., & Taylor, M. P. (2013). Floodwater metal contaminants in an Australian dryland 

river: a baseline for assessing change downstream of a major lead-zinc-silver and copper 

mine. Journal of environmental quality, 42(2), 474-483. 

Malmon, D. V., Reneau, S. L., Dunne, T., Katzman, D., & Drakos, P. G. (2005). Influence of 

sediment storage on downstream delivery of contaminated sediment. Water Resources 

Research, 41(5). 

Meixner, T., Huth, A. K., Brooks, P. D., Conklin, M. H., Grimm, N. B., Bales, R. C., ... & Petti, 

J. R. (2007). Influence of shifting flow paths on nitrogen concentrations during monsoon 

floods, San Pedro River, Arizona. Journal of Geophysical Research: 

Biogeosciences, 112(G3). 

Moriasi, D. N., Arnold, J. G., Van Liew, M. W., Bingner, R. L., Harmel, R. D., & Veith, T. L. 

(2007). Model evaluation guidelines for systematic quantification of accuracy in 

watershed simulations. Transactions of the ASABE, 50(3), 885-900. 

Mueller, N., Lewis, A., Roberts, D., Ring, S., Melrose, R., Sixsmith, J., ... & Ip, A. (2016). Water 

observations from space: Mapping surface water from 25 years of Landsat imagery 

across Australia. Remote Sensing of Environment, 174, 341-352. 

Parajka, J., Viglione, A., Rogger, M., Salinas, J. L., Sivapalan, M., & Blöschl, G. (2013). 

Comparative assessment of predictions in ungauged basins–Part 1: Runoff-hydrograph 

studies. Hydrology and Earth System Sciences, 17(5), 1783-1795. 

Passalacqua, P., Belmont, P., & Foufoula‐Georgiou, E. (2012). Automatic geomorphic feature 

extraction from lidar in flat and engineered landscapes. Water Resources Research, 48(3). 



6 

 

Reid, I., & Laronne, J. B. (1995). Bed load sediment transport in an ephemeral stream and a 

comparison with seasonal and perennial counterparts. Water Resources Research, 31(3), 

773-781. 

Reneau, S. L., Drakos, P. G., Katzman, D., Malmon, D. V., McDonald, E. V., & Ryti, R. T. 

(2004). Geomorphic controls on contaminant distribution along an ephemeral 

stream. Earth Surface Processes and Landforms: The Journal of the British 

Geomorphological Research Group, 29(10), 1209-1223. 

Roy, A. H., Dybas, A. L., Fritz, K. M., & Lubbers, H. R. (2009). Urbanization affects the extent 

and hydrologic permanence of headwater streams in a midwestern US metropolitan 

area. Journal of the North American Benthological Society, 28(4), 911-928. 

Sivapalan, M., Takeuchi, K., Franks, S., Gupta, V., Karambiri, H., Lakshmi, V., et al. (2003). 

IAHS decade on predictions in ungauged basins (PUB), 2003–2012: shaping an exciting 

future for the hydrological sciences. Hydrol. Sci. J. 48, 857–880. 

doi:10.1623/hysj.48.6.857.51421 

Sofia, G., Tarolli, P., Cazorzi, F., & Dalla Fontana, G. (2015). Downstream hydraulic geometry 

relationships: Gathering reference reach-scale width values from 

LiDAR. Geomorphology, 250, 236-248. 

Turner, D. S., & Richter, H. E. (2011). Wet/dry mapping: using citizen scientists to monitor the 

extent of perennial surface flow in dryland regions. Environmental Management, 47(3), 

497-505. 

Wagener, T., & Montanari, A. (2011). Convergence of approaches toward reducing uncertainty 

in predictions in ungauged basins. Water Resources Research, 47(6). 

Westoby, M. J., Brasington, J., Glasser, N. F., Hambrey, M. J., & Reynolds, J. M. (2012). 

‘Structure-from-Motion’photogrammetry: A low-cost, effective tool for geoscience 

applications. Geomorphology, 179, 300-314. 

Yadav, M., Wagener, T., & Gupta, H. (2007). Regionalization of constraints on expected 

watershed response behavior for improved predictions in ungauged basins. Advances in 

Water Resources, 30(8), 1756-1774. 

 


