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Instream Flow
• What is an Instream Flow? An instream flow 

is an amount of water running in a river, usually 
measured by the volume moving down the 
channel in a specified amount of time 
(discharge). 

• A variety of instream flows are required to 
maintain a healthy river.

• How much water should flow in rivers for a 
healthy environment? 

• Instream Flow Studies and Programs – A State 
Experience. Some Federal Guidance early on – 
Bovee, Stalnaker, et al. USFWS USGS.  
Salmonid Fisheries. 

• Instream Flow Council – technical support



Instream Flow

• Flows – amount, frequency, duration
– Velocity
– Instream habitat vs. flows

• Geomorphology – sediment movement, 
changes in stream morphology

• Biology
– Spawning
– Rearing
– Adult Habitat



Features of Water Flow

• Water quality – temperature, dissolved 
oxygen, suspended sediment 

• Water quantity/ availability/ abundance 
• Constant flow – groundwater, base flow, 

drought conditions 
• Maintaining springs 
• Flow levels – hydrology 
• Channel stability 



A POTENTIAL GOAL: Maintenance of the 
natural environment in and along the river 

• Natural beauty and aesthetics 
• Wildlife and riparian habitat supported along the 

river 
• Health of tributaries 
• Regeneration of the land 
• Floodplain connectivity 
• No impoundments/ dams/ development 
• Living in harmony with the natural flow of things 
• Natural ability of the river 
• Freshwater inflows to bay and estuaries 



Additional Goals

• Recreation Bird and wildlife viewing
• Hunting and fishing 
• Swimming 
• Canoeing Outdoor education
• ** Tribal/cultural purposes



Additional Goals

• Resource for humans Water source for 
livestock/ irrigation/ drinking water 

• Economic growth and development 
including tourism 

• Drainage Impact on land value 
• Tax deduction for floodplain 
• Historical value/aspects of river and 

tributaries How it connects us



Historical Hydrology – minimum, max, little 
ecology

Historical Hydrology, hydrograph pattern, IHA
Expert Input: Hydro & Biology; Build Block

Flow-Habitat-Fish Models: 
e.g. PHABSIM





Approaches: Another Classification

• Standard Setting Methods (desktop and field)
– Tenant Method
– Wetted Perimeter

• Instream Flow Incremental Method:
– Physical Habitat Species Curve Models

• Species and river specific
• Species Guilds
• Off the shelf models

• Geomorphology (desktop in part)
– Implicit – functional flow, geomorphology, fish habitat
– Natural Hydrograph



USGS Bovee 1995.

* MINIMUM FLOWS USUALLY OBJECTIVE



USGS Bovee 1995.

Based on trout streams in Montana, evaluating hydrology, habitat relationships for trout.

Used 10 years of data.  

Desktop Method:  Requires long term data sets of hydrology

Tennant Method



USGS Bovee 1995.





But first you need suitability curves!!!

Source:  Previous studies or new data
Preferred same or similar species,  same river
How: snorkel surveys, use of habitat – works good in clear rivers
Turbid rivers – seining, electroshocking,  acoustics – not as precise



Single Species Habitat Suitability Curves (off the shelf or river 
specific

INSTREAM FLOW STUDY GUIDE LINES: Technical and Habitat Suitability Issues 
including fish preference curves. UPDATED, April 05, 2004.Error Correction Update 
2/12/2008.  State of Washington.





Calculation of Habitat vs. Flow







PHABSIM
MacrohabitatMacrohabitat MicrohabitatMicrohabitat
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PHABSIM

• The Physical Habitat Simulation System 
(PHABSIM) has been a central part of the 
U.S. Government's method of setting 
minimum stream flow requirements 

• Other flavors – RHABSIM
• PHABSIM – 2D



Guild Based (e.g. Dilts et al. 2003).







Tarbell and Associates 2004 – North Carolina  Power plant Study



D. J. Orth, 2003
•• North Fork Shenandoah Guild StructureNorth Fork Shenandoah Guild Structure
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Riffle Guild
greenside darter Etheostoma blennioides
mottled sculpin Cottus bairdi 
central stoneroller Campostoma anomalum
bluehead chub (J) Nocomis leptocephalus
river chub (Y) Nocomis micropogon
longnose dace Rhinichthys cataractae

Images  from Jenkins and Burkhead 1994Images  from Jenkins and Burkhead 1994Orth 2003



potomac sculpin Cottus girardi
margined madtom Noturus insignis
roseyface shiner Notropis rubellus
comely shiner Notropis amoenus
satinfin shiner (A) Cyprinella analostana
spotfin shiner (A) Cyprinella spiloptera
bluehead chub (A) Nocomis leptocephalus
fallfish (J&Y) Semotilus corporalis

Fast generalist Guild

Images  from Jenkins and Burkhead 1994Images  from Jenkins and Burkhead 1994Orth 2003



Guild Depth Criteria

Riffle GuildRiffle Guild
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Guild Velocity Criteria
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PHABSIM Model Output
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PHABSIM – 2D

• Normally conducted by using 1D cross-section 
data and extrapolating across reaches by 
conducting inventory of sites

• 2D methods which utilize mesh design over 
larger area are now used too, more complex

• E.g. Hardy Phase II Study Report.  Klamath 
River. Dam Operation: BOR.

• Hardy et al. 2001. 
• Joint Project with USFWS 













VALIDATION !!!



Very complex project.  Collection of life history data 10 year project, federal 
funding.  Main management factors – reservoir operations, irrigation diversion, 
hydropower.



Continued work

• Additional species – Green Sturgeon, non- 
target species

• Determination of flow effects on migration 
and spawning.



MesoHABSIM

• Mesohabitat Simulation Model 
(MesoHABSIM) addresses the 
requirements of watershed-based 
management of running waters. 

• It builds upon pre-existing physical habitat 
simulation models (e.g. PHABSIM) to 
predict an aquatic community's response 
to habitat modification. 



MesoHABSIM

• Parasiewicz, P. 2001
• Expansion of IFIM Phabsim approach
• Focus on mesohabitat vs. microhabitat
• E.g. Riffle, Rapids, Cascades, Glide, 

Runs, Fast Run, Pool, Plunge Pool etc.
• 2D models
• Intensive Data Collection















Comparison to traditional methods:  Sometimes different answer!!



Geomorphology/Hydrology 
Approaches

e.g. Richter 2008 Flow 2008
e.g. Trinity River California 



Paradigm Shift in Instream Flow 
Recommendations

• 1950-80’s development of first instream 
flow methods yielding single minimum flow

• Growing knowledge that the natural flow 
regime is important (frequency, peaks, 
shape of hydrography, duration, ramping 
rates)

• Recent shift toward consideration of entire 
flow regime: subsistence, base, high flow 
pulse, overbank



WHY?? Basic Principles
• River flows are inherently variable on 

daily, seasonal, and inter-annual time 
scales

• The life cycles and population dynamics of 
many aquatic, riparian, and estuarine 
organisms are tightly linked to natural river 
flow variability

• Why: Evolution and adaptation of 
organisms

• Geomorphology of stream
Richter 2008 Flow 2008



Richter 2008



Richter 2008 Flow 2008



Flow Regime
(lows, highs, floods)

Physical
Habitat

Water
Quality

Energy
Supply

Species 
Interactions

Ecological
Integrity

Connectivity

Flow regime is a “master variable” in river ecosystems
Richter 2008 Flow 2008



Very Basic Approach:  Expert Input: Hydro & Biology; Build Block 
Approach.   Acreman and Dunbar 2004. 



Flow Regime Evaluation Tools
• The Nature Conservancy (TNC) has developed 

and implemented environmental flow 
recommendations in the United States and 
abroad. 

• TNC uses a collaborative process in conjunction 
with software tools to develop flow 
recommendations to benefit natural freshwater 
ecosystem health and biodiversity, and 
implements these recommendations in an 
adaptive management framework. 



Indicators of Hydrologic Alteration

• The primary software tools used by TNC are the 
Indicators of Hydrologic Alteration (IHA) 
software, which uses daily streamflow data to 
compute a series of flow statistics that can be 
used to assess hydrologic change; AND 

• The Regime Prescription Tool, which is a 
visualization tool jointly developed with the U.S. 
Army Corps of Engineers that can be used to 
display environmental flow recommendations in 
workshop settings. 



IHA

• The IHA software computes 67 different 
flow statistics, including 34 statistics based 
on five Environmental Flow Components 
(large floods, small floods, high flow 
pulses, low flows, extreme low flows), 
which are particularly useful for 
environmental flow projects. 

• Compare before and after, different index 
periods



Geomorphology: Trinity River 
Restoration - California

• Dam built in 1964, diverted 90% of flow to Central Valley.
• 15 year Study starting in mid 1980’s
• Develop flow, habitat fish population relationships
• Evaluate influence of impacts of dam placement on 

hydrology, sediment loads, and temperature
• Focus on restoration of “structure” of natural hydrograph 

for geomorphology, temperature regimes and fish life 
history needs (e.g. spawning, rearing etc). 

• Geomorphology – McBain and Trush studies
• Focus on commercially and recreationally important 

salmonids. 
• Adaptive Management – flow management, sediment 

replacement etc. – Tribes, State, FWS, BOR, NMFS
• Continue monitoring populations of fish.













The Texas method of preliminary instream flow assessment 
Mathews, RC Jr | Bao, Yixing 

Rivers. Vol. 2, no. 4, pp. 295-310. Oct 1991.

• The new method, referred to as the Texas Method, 
considers riverine fishes as primary target species, flow 
needs during the critical periods in the life stage of the 
fishery, and maintenance of the natural streamflow 
pattern. 

• The Texas Method is an advancement over existing 
preliminary planning methods because it is the first such 
technique to treat the recommended flow percentage for 
each month as a variable along with the biological 
characteristics (e.g., spawning/incubation periods) and 
regional hydrological characteristics (e.g., highly variable 
monthly flows with positive skewness). 



The Texas method of preliminary instream flow 
assessment 

• The method has been used to determine 
the instream flow needs of 25 potential 
reservoir sites identified in the Texas 
Water Plan. 

• Results are compared with 
recommendations of five other commonly 
used preliminary planning methods. 

• Comparatively, the Texas Method 
provides consistent performance for flow 
recommendations in different rivers and 
streams
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Subsistence flows are low flows maintained during times of drought.



Base flows represent the range of 
“average” or “normal” flow 
conditions in the absence of 
significant precipitation or runoff 
events.



High flow pulses 
are short duration, 
high magnitude 
(but still within 
channel) flow 
events that occur 
during or 
immediately 
following storm
events. 



Overbank flows 
are infrequent, 
high magnitude 
flow events that 
exceed
channel banks 
and enter the 
floodplain.



Reviewed: Texas Instream Flow Programmatic Work Plan (PWP)
& Technical Overview Document



Major Conclusions
• “Developing instream flow recommendations for 

rivers is one of the most difficult and important 
challenges in the applied ecological and physical 
sciences today”. 

• “The Texas agencies are commended for 
proposing a prospective, comprehensive 
instream flow program. Implementation of a 
statewide instream flow program will involve 
many agencies, significant resources, and time; 
nevertheless, the program will provide enormous 
benefits to the state over the next several 
decades and beyond”



Major Conclusions
• “The Texas instream flow program will need to 

be flexible to meet the unique challenges and 
opportunities presented by the state’s rich 
mixture of river ecosystems, culture, water law, 
and water development. 

• Clear and specific programmatic and scientific 
instream flow goals need to be set at both the 
state and river basin levels, and methods used 
in setting instream flow recommendations need 
to be consistent for the several river systems 
that will be studied across the state”. 



Major Conclusions

• “The Texas instream flow framework should 
elicit comparable results at the basin level in 
order to realize statewide consistency, maintain 
continuity over the long term through proper 
delegation and delineation of responsibilities 
among the various involved agencies, and 
incorporate scientific findings as well as social 
and economic concerns by involving 
stakeholders during key phases of the design 
and implementation process”.



NAS Major Recommendations
• 1) The Programmatic Work Plan (PWP ) should present 

a state-wide context for individual sub basin studies. This 
can be accomplished with two levels of oversight: one at 
the state level for management and program consistency 
and the second one at the sub basin level for goals and 
approaches tailored to the specific needs of the study 
basin.

• 2) A clear definition of the phrase “sound ecological 
environment” needs to be provided to supply context for 
instream flows in Texas.

• 3) The PWP should present clear and specific goals for 
the state-wide instream flow program and recognize the 
need to develop individual sub basin goals that nest 
within the state-wide instream flow programmatic goal(s).



Recommendations
• 4) The PWP and the TOD should describe how existing 

information and reconnaissance studies will be used to 
guide the detailed technical evaluations of hydrology, 
physical processes, biology, and water quality.

• 5) The PWP flowchart for instream flow studies should 
be revised to include several important steps in planning 
and conducting an instream flow study as suggested in 
the report.

• 6) A suite of measurable, ecological indicators should be 
established for the state-wide program and each basin- 
specific study; the indicators should be responsive to 
instream flows. These indicators can be used in adaptive 
management, monitoring and validation activities to 
measure progress towards achieving a sound ecological 
environment in Texas rivers.



Recommendations
• 7) The Technical Overview Document should be 

revised to provide for consistent spatial scale 
and level of detail for the hydrology, biology, 
physical processes, and water quality technical 
evaluations.

• 8) Clearer direction should be provided for the 
process by which the individual technical 
evaluations will be integrated into instream flow 
recommendations.



Hydrology Based Environmental 
Flow Regime (HEFR) Method

• Brandes et al. 2009. Draft.
• Reviews Hydrologic Methods (e.g. IHA 

etc)
• Generally supports TPWD approach (i.e. 

HEFR)
• Flexible, recognizes gaps in knowledge 

needed for PHABSIM type analyses
• Need to address subsistence flows, base 

flows, high flows and overbank flows



EFC = Environmental Flow Components



Relate these selected metrics back to various flow periods identified (subsistence, 
Base, flood,overbank.



Summary
• Flow Habitat Fish Models 

– data intensive, require hydrology, habitat measures, 
fish life history and habitat utilization data

– Directly answers questions regarding instream flow 
needs for aquatic organisms

• Desktop Hydrology Models (e.g. IHA). 
– Relatively easy
– Assumes organisms have evolved to natural 

hydrology
– Integrates geomorphology functions
– Requires good record of hydrology (before, after etc).
– How much flow and historical signature do you 

protect???



Thanks!
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