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HydroLogics, known for our expertise with water allocation based on over 30 years of work throughout 
the United States, has teamed up with the U.S. Geological Survey (USGS), the nation’s leading 
government agency on water resources, to combine the power of our OASIS model with the agency’s 
rigorous scientific approach to evaluate the aquatic health of streams.  The seamless integration of the 
two is a major advance in the field of water resources and gives voice to the often “silent” needs of 
the environment.   

Key benefits of the collaborative approach: 

- Scientifically-based methods derived from measured data that can be adapted to any river basin 

- Facilitates quick screening of environmental impacts resulting from different management 
scenarios 

- Manages the complexity of ecological science so that environmental flow needs can be better 
integrated into water allocation decisions



The Implementation of Ecological Science

Understanding the relationship between the ecological health of a stream and its flow (“eco-flow”) 
is critical in order for resource managers to develop effective water management plans that 
address multiple and often conflicting uses throughout a river basin.  Since management objectives 
must be considered in a basin-wide context, it is important to conduct regional analyses between 
streamflow and riverine ecosystems that account for differences in physiography, land use, and 
topography.  Further, for the eco-flow recommendations to be scientifically credible, they must be 
derived from measured data.  However, the effort required to do these analyses on a regional scale, 
let alone an individual river segment, can be prohibitive.   

To aid decision-makers in the eco-flow assessment process, management tools should promote 
collaboration between stakeholders and easily demonstrate the trade-offs between different 
management strategies.  To that end, it is helpful to (a) distill the underlying analysis down to the 
most ecologically-relevant flow criteria so that the water allocation models like OASIS can quickly 
generate the results and (b) distill the resulting environmental metrics down to an easily 
understood concept like fish diversity, i.e., number of fish species.   For decades, the integration 
described above has been elusive.  

USGS Role:  Development of Ecological Limit Functions 

With cooperation from other partners like state agencies and The Nature Conservancy, USGS 
published a series of papers describing the development of “ecological limit functions” for relating 
how the aquatic ecology responds to, or is limited by, streamflow alteration.  One barrier to 
developing such relationships has been the lack of underlying flow and fish habitat data that 
overlap in both location and time.  In the Tennessee River Basin, one of the most diverse temperate 
freshwater systems in the world and home to more than 230 fish species, there is a large network 
of flow gaging stations maintained by the USGS (300) and fish sampling sites (1100) maintained by 
the Tennessee Valley Authority.  

Fish community structure is governed by many environmental factors, 
including streamflow characteristics (SFCs), water quality, and human 
manipulation such as water withdrawals, dam operations, and point-
source discharges.  As optimal values for one factor are achieved, 
other environmental factors are likely to limit the response of the fish 
community.  In the USGS study, the focus was on the role of flow in 
determining the potential fish diversity as measured by species count. 
  

The USGS began its study using sites where streamflow and fish 
community data were co-located.   They were spread across three 
distinct regions (eco-regions as defined by the Environmental 
Protection Agency) that comprise most of the basin – Blue Ridge, 
Ridge and Valley, and Interior Plateau.  These regions differ by 
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Eco-regions of the Tennessee River Basin  
where USGS collected flow and fish data. 
[Figure from Knight et al., 2014]*



topography, soil type, snowmelt, groundwater contribution, and extent of rock/gravel/bedrock 
substrate.    

Stream classification is often considered the first step in determining the relationship  between 
changes in streamflow and aquatic communities. One drawback is that stream classification does 
not include consideration of the aquatic communities.   However, since it is based on purported 
ecologically-relevant streamflow characteristics, there is an assumption that these SFCs are critical 
to the structure of the aquatic community.  Under the USGS approach in which relationships are 
established using data from co-located sites, USGS evaluated SFCs for ten different fish groups, of 
which approximately 20 SFCs were relevant to the diversity.    The SFC categories included 
magnitude, frequency, duration, timing, and rate of flow.    

To put the streamflow alteration for each site in context, the USGS developed a hydrologic 
reference profile for each region using the 20 most forested (and generally least developed) sites in 
each region.  Unlike other approaches that use estimates of unregulated flows, the reference 
profile is based on actual flow gages.  Using the the Interior Plateau profile below as an example, 
the interquartile range (from the 25th to 75th percentile value) was used to eliminate extreme 
values while preserving natural variability.  SFCs are expressed in standardized units on the y-axis 
(mean of 0 and standard deviation of 1), with the relevant SFC denoted on the x-axis (e.g., e85 is 
the daily flow value exceeded 85% of the time -- see the link at the end of this flyer for more 
details on the SFCs).   SFCs on the left third of the plot are related to magnitude and base flow, the 
others mostly to frequency and variability of flow. 

  

Since most of the 1100 fish sites are not located near flow gages, USGS estimated the SFCs at the 
fish sites using regional regression equations that used basin characteristics as the explanatory 
variables.  The regression equations were shown to be more accurate predictors of SFCs than using 
commonly-used rainfall-runoff models.  To quantify the hydrologic departure for each site, each 
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Ecologically-relevant streamflow characteristics (SFCs) for reference hydrology in the 
Interior Plateau (SFCs on the x-axis, standardized values on the y-axis).  This helps to 
establish the departure from reference SFCs at sites where fish data are available but 
not flow data.  [Figure from Knight et al., 2014]*



estimated SFC was subtracted from the reference range shown above (which was based on actual 
SFCs) for each region.  These differences, or departures, are quantified in absolute terms, providing 
a useful simplification to support a general analysis.  Absolute departures can be summed across all 
SFCs to arrive at a cumulative departure for each site.   

Quantile regression was used to further constrain the subsets of SFCs by quantifying upper and 
lower bounds of "wedged shaped distributions” and, by extension, the limiting influence of an 
explanatory variable (like flow) on a response variable (like fish diversity).  SFCs that had at least 
one significant quantile were retained for further analysis and comprised the final suites of 
ecologically-relevant SFCs by fish group and ecoregion.  The result is shown below for one of the 
ten fish groups in the Interior Plateau.   The plot shows the estimated departure in SFCs (x-axis) at 
the fish sampling sites (relative to the reference, or unregulated, profile) against the measured fish 
species count at each of those sites (y-axis). 

The plot shows this wedged-shaped 
distribution for the relevant SFCs. 
Using “natives” as the fish group 
example, the three SFCs of AMH10, 
TA1, and TL1 (representing 
maximum October flow, “stability” 
of flow, and timing of annual lowest 
flow, respectively) are the most 
ecologically relevant after further 
statistical screening of the 20 
initially identified.  The upper 
bound (black line) represents the 
ecological limit function and is 
associated with a statistically-
significant quantile.  In this case, 
using the 90th quantile, there is a 90 
percent chance that, for a cumulative 
hydrologic departure of zero, there would 
be 57 species of native fish or less; for a 
cumulative departure of 3 standard units, 
there would be 25 native species or less.  
As expected, the diversity typically decreases as the hydrologic departure from the reference 
(undeveloped) profile increases, or the level of flow alteration increases, hence the negative slope 
to all the functions.  In the “wedge” that forms below the ecological limit function line, it can be 
seen that for a given hydrologic departure, the species richness can vary, indicating that other 
environmental factors may be at play, like nutrient levels, temperature, and habitat availability.  
Interpreting such wedge distributions is a continuing body of research in the eco-flow world, but for 
implementation purposes, probabilities based on the quantiles developed by the USGS (say the 90th 
percentile in which there is a 90% chance of having potentially this many species) provides a useful 
approach to interpreting results.   
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Ecological limit function (black line) shown for natives fish group 
based on the relevant SFCs.  Here, for a given flow departure 
from the reference profile (on the x-axis), there is a 90 percent 
chance that fish species count is at or below the associated 
value on the y-axis. [Figure from Knight et al., 2014]*



HydroLogics Role:  Integrating the Ecological Limit Functions into OASIS 

HydroLogics developed the OASIS model to help in assessing the water balance between supply and 
demand throughout a river basin and to explore the impacts of alternative management protocols 
in meeting a wide variety of water uses like municipal supply, hydropower, recreation, and aquatic 
needs.  OASIS is a mass balance model that is used to simulate the flow of water from upstream to 
downstream based on a given set of facilities, demands, and operating rules.  It is used to explore 
alternatives to develop effective management plans based on given hydrology and to implement 
those plans in real-time.  Objectives are prioritized by the modeler such that when water is in short 
supply, as in an extended drought, it will be allocated to first meet the primary objective (say a 
reservoir minimum release for needs downstream), then the secondary objective (say storing water 
in the reservoir to meet municipal demands), and so on.  The priorities can be specified in any 
number of ways, including distributing water shortages among uses.   

OASIS will automatically determine, over the inflow record, the optimal allocation of water for 
each timestep (usually daily) at each point of interest in the basin based on the user priorities.  The 
inflow record often extends back 70+ years, so the user is able to see how the system performs in a 
repeat of that record under different alternatives for any metric of interest that is tied to flow or 
storage.  The hydrologic record can be altered, often with the help of rainfall-runoff models, to 
capture potential climate change impacts.  Environmental metrics might include number of days of 
successful spawning based on a flow threshold, or in the case of the ecological limit functions, the 
potential fish diversity.  Because of the computing power and flexibility of OASIS, model runs can be 
modified and executed “on the fly,” allowing stakeholders to quickly see the outcomes of various 
management strategies.   

For the collaboration with the USGS, HydroLogics configured OASIS to quickly post-process the 
simulated flows from a planning run by executing the scripts that solve the ecological limit 
functions described above (including converting flows to the necessary standardized units) and then 
displaying the information in an easily-understood format.  Prior to this, all the post-processing had 
to be done manually, making an interactive approach to ecological flow assessment much more 
difficult. 

  

An example of this integration is pilot work on Tennessee’s Obed River, which is managed by the 
National Park Service and designated as a Wild and Scenic River.  A sample of the OASIS model 
schematic, input, and output are shown below.   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The nodes (objects) in the schematic are locations of interest in the basin (like reservoirs and flow 
gages) and the arrows (arcs) represent the direction of flow between nodes.  Input and output 
screens for one of the reservoirs are shown; for the latter, the simulated storage in the reservoir 
over the historic inflow record is displayed, indicating how the system would perform under 
different operating scenarios.  This output is typically used for evaluating water supply reliability.   

In terms of evaluating environmental impacts, OASIS is now capable of displaying the potential 
diversity of fish species for different fish groups (see below) subject to different management 
regimes — all at the touch of a button.  By doing so, the complexity of ecological-flow science is 
distilled down to a simple parameter that can be used to inform basin-wide management decisions, 
including setting of minimum releases and water withdrawal permitting by state agencies.   
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OASIS model schematic of the Obed River basin, along with input and output screens.  



 

 

In basins outside of the Tennessee, ecological limit functions would need to be developed, again 
through collection and analysis of fish and flow data, for the ecoregions in that basin as identified 
by the EPA.  However, given the foundation that was built by the USGS over many years through a 
rigorous scientific approach in the Tennessee -- plus HydroLogics’ integration of that approach into 
the OASIS model-- the efforts to conduct ecological assessments in other locations will be 
significantly less. 

For more information, visit us at www.hydrologics.net and click on the Overview presentation on 
our products and services.  For more information on the USGS contributions to the ecological-flow 
science in the Tennessee and Cumberland River basins, visit http://tn.water.usgs.gov/projects/
EcologicalFlows/.   

* Knight, R.R., Murphy, J.C., Wolfe, W.J., Saylor, C.F., and Wales, A.K. 2014. Ecological limit 
functions relating fish community response to hydrologic departures of the ecological flow regime 
in the Tennessee River basin, United States. Ecohydrology, 7, 1262–1280.

HYDROLOGICS:  ADVANCING THE MANAGEMENT OF WATER RESOURCES �7

Ecological assessments for various fish groups from OASIS simulation of Obed River Basin 
management scenarios.  Using natives as the example, potential species diversity could be 
increased significantly by shifting from current operations (“SimBase”) to a more natural 
reservoir release pattern like percent-of-inflow (e.g., “Sample_MinRelease”).  In this case, 
the native fish diversity of the unregulated scenario (“Unreg”) could be preserved in a 
regulated system by fine-tuning the minimum release policy.  

http://www.hydrologics.net
http://tn.water.usgs.gov/projects/EcologicalFlows/

