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Origin & Purposes of IFIM
• IFIM: Instream Flow Incremental Methodology, is a decision-support 

system (not a software) designed to help in the assessment of 
consequences of different water management alternatives, that can 
affect riverine habitats.

• It is a process for solving water resource allocation problems
• The IFIM process involves habitat analysis at different scales, typically 

Macrohabitat (basin, networks, segments ), Mesohabitat (classes 
based on slope, channel shape, structure), & Microhabitat 
(homogeneous Depth, Velocity, Substrate, Cover).

Source: Stream Corridor Restoration: Principles, Processes,  and Practices (free access in the web) 



Origin & Purposes of IFIM
• A step in IFIM, the Study Implementation, includes the Physical 

Habitat Simulation (PHABSIM): assessment of functional relations 
Flow-Habitat at different scales. How to integrate the scales 
depends on the problem. Usually River Segment is unit of study.

• Different computer models can assist in the IFIM process today, 
from different sources (originally USGS, and many more): For legal 
or negotiation analysis, water quality, water temp. simulation, 
physical habitat, time series analysis, etc.

• Ecological principles: human impacts on river systems fall into 5 
categories (Karr et al. 86), Flow regime, Water quality, Physical 
structure, Food source, Biotic interactions. Modelling variables
within the 5 categories could give a reasonable assessment of 
human impact under several scenarios. Some models were 
developed, thus implemented in common IFIM applications.



The phases of IFIM

1. Problem Identification & diagnosis
2. Study Planning
3. Study Implementation (different scales modelling)
4. Alternatives Analysis (incorporates time series analysis)
5. Negotiation & Problem Resolution

• Monitoring & Evaluating ecological status periodically



1.-

2.-

3.-

4.-

The IFIM process (flow chart)
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Physical Habitat Simulation (PHABSIM):
Microhabitat Assessment

��������	 
 imulation

Velocidad, Profundidad, Sustrato, Refugio (otros)
(en cada unidad del modelo, para cada caudal)

������
��� �� ��	������
�
 ���
�����
�

� ���

� ���

� ��	


Q = 1.346 m3/s
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Combined Suitability -by model units-:

Combined Suit. (ICi) = Ip x Iv x Is x Ir
Integrating whole Reach:

Weighted Usable Area (WUA) =

� ICi ´́́́ Ai
(Ai: area represented by each model unit)

Barbo común -adulto

Bermejuela
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Scales and Range of Application
Spatial & temporal Scales*
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• Depends on objectives of study, scale of problem (segment, river network)
• Limiting factors (macro, mesohábitat, microhabitat, all ?
• Restrictions in time, resources & budget for developing studies

*



Scales and Range of Application

• The IFIM is flexible, the habitat assessment depends on 
objectives, so the physical habitat simulation. It was not 
designed for a specific type of river � Time, resources & budget 
for the study determines the possibility and way of application.

• Hydrometry is determined by several factors, like:
• Size of the river is determinant for the specific equipment 

and hydrometry techniques
• Objectives of the study determine the scale necessary, the 

specific hydraulic parameters needed (shear stress, etc.), 
spatial metrics or GIS processing, etc.

• Habitat Suitability Criteria for target species require different 
techniques and equipment for different rivers (depends on size, 
discharge, turbidity, ice, etc.)

• Range of Rivers: Smallest one, Dana Fork of Tuolemne River 
(Yosemite Nat. Park), flows 0.028-0.085 m3/s. Biggest, the 
Yangtze River in China (Bovee, pers. Comm.)



Scales and Range of Application – Hidrometry
small-medium size streams and rivers

• In general, the time spent in field work increase w ith river size, but 
simulation is usually less complex (due to simpler topography and 
roughness). Study objectives limits the range of er rors tolerable. 



Scales and Range of Application – Hidrometry
large size rivers

Delaware River
New York 

(28-283 m3/s)

Photo: Bovee & Bowen

Yellowstone R.  
(850 m3/s) 

Photo: Bovee & Bowen



Range of Application - Habitat Suitability Criteria 

• Classification of microhabitats for a study design,  
based on the 4 basic microhabitat types: slow-deep,  
slow-shallow, fast-deep, fast-shallow. Samplig based  
on microhabitat pieces. 

small-medium 
size streams 

and rivers

Photo: M. Allen (TRPA)
Photo: F.M.C.



Range of Application - Habitat Suitability Criteria 
large size rivers

Photo: Bovee & Bowen
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• Aim of the study: To compare Environmental Flow ass essment by 
physical habitat simulation with a hydrologic metho d (Basic Flow
Method, Palau 2006).

• The reach in near the Pyrenees, the minimum flow oc curs in february
• Target species: brown trout and barbel.
• Only Microhabitat limiting (water quality not limit ing in actual scenario)



Physical Habitat Simulation
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Habitat suitability curves - B. trout adult (USA)
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Physical Habitat Simulation
Minimum flow assessment – Species: Brown trout
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Physical Habitat Simulation
Longitudinal connectivity
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Physical Habitat Simulation
Habitat suitability maps (classes)



ADULT BROWN TROUT

Patches of suitable area (m 2)

0

60

120

180

240

300

360

420

0.113 0.602 1.384 1.730 2.200

Discharge (m 3/s)

N =                 9                               28                                50                                52                               51

(m2)
Suitable area

Physical Habitat Simulation
Spatial analysis of suitable areas
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ADULT BROWN TROUT

Patches of suitable area (m 2) & WUA (m2) 
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Physical Habitat Simulation
Habitat Time Series

1. Qualitative results: limiting events for microhabitat
2. Quantitative results: summarized in Habitat duration curves
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Exceedence Curves for Microhabitat
B.trout - adult
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CONCLUSIONS
• The IFIM was made to help in the process of decisio n-making with 

stakeholders, given a conflict about river flows, b y evaluating effects 
of water management alternatives (not a software)

• Provides a flexible framework to integrate several spatial scales and 
time in different ways, depending mainly on the sca le of the problem 
and potential habitat bottlenecks

• IFIM was designed to be applied in different types of rivers, it is 
necessary to adapt the studies to the objectives, t ime and budget.

• Physical habitat simulation and complementary analy ses (habitat 
connectivity, spatial analyses) provide with useful  tools for estimating 
habitat losses and to hypothesize about the events p roducing habitat 
bottlenecks in a population

• Habitat time series analysis is an essential tool t o integrate temporal 
variability and to compare project alternatives or water management 
scenarios, in comparison with the baseline (natural conditions)
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Questions



Software for
Physical Habitat Simulation



Scales and Range of Application - Hidrometry
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PHYSICAL HABITAT MODELS
HABITAT REPRESENTATION WITH HYDRAULIC MODELS IN  1DIM vs. 2DIM 

model 1D

TIN de profundidades
(SIG)

model 2D

V (m/s)

V (m/s)



PHYSICAL HABITAT SIMULATION
REPRESENTATION IN MODELS 1DIM vs. 2DIM

Calculation of Microhabitat Variables: always Based on Points

Area Calculation Unit = 
Thiessen polygon around point

(extracted from TIN

Area Calculation Unit = 
Rectangle around point

.



Proceso de Estratificación
Tipos de Mesohábitats

no gradient
no standing w aves

abundant slackw ater

gradient
standing w aves
little slackw ater

Meso-
Habitat

Unit

Fast Slow

runs
some pocketw aters

Deep

deep pools 

Deep

riffles
some pocketw aters

Shallow

shallow  pools
glides

Shallow

PHYSICAL HABITAT SIMULATION
mesohabitat types - example


