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Environmental issues of dams
•Transport of sediment along the river is altered. Erosion in the downstream part of the river 
(countermeasure: release of flow and sediment from the bottom gates). 

•Alteration of fish migration (countermeasure: fish ladder). 

•Alteration of hydrologic cycle because of lake evaporation.

•Salinization of water especially in tropical or equatorial zones (high ET) 

•Alteration of the natural flow regime in the downstream section of the river, e.g. hydropeaking, etc. 
(countermeasure: release of minimum flow or more advance sequence of releases). 

•Alteration of water temperature, e.g. thermopeaking (usually colder). 

•The lake can increase incidence of diseases related to water like malaria, schistosomiasis and cholera. 

•Resettlement of people

•Greenhouse gas emission



Twenty years ago…

Source: Baron et al. (2002) Ecol. Applications 12(5)

Instream flows based on Minimal Flow policy have produced a phenomenon called homogenisation



Non-traditional uses: Environmental flows
Principal components of a riverine ecosystem: 
food web and carbon cycling and how they change along the river continuum 
from upstream to downstream (The River Continuum concept, Vannote et al. 
1980 ). 

Later Poff et al., (1997) investigated the ”Natural Flow Regime” and concluded 
that: “Streamflow can be considered a "master variable" that limits the 
distribution and abundance of riverine species and regulates the ecological 
integrity of flowing water systems. Until recently, however, the importance of 
natural streamflow variability in maintaining healthy aquatic ecosystems has 
been virtually ignored in a management context”

Remember at this point the 
“River attributes”



Environmental flows
Environmental flows describe the quantity, timing, and quality of water flows required to sustain freshwater and estuarine 
ecosystems and the human livelihoods and well being that depend on these ecosystems services. 

Achievement of a flow regime, or pattern, that provides human uses and maintains the essential processes required to 
support healthy river ecosystems. Environmental flows do not necessarily require restoring the natural, pristine flow 
patterns that would occur in absence human development, use, and diversion but, instead, are intended to produce a 
broader set of values and benefits from rivers than from management focused strictly on water supply, energy, recreation, 
or flood control. 



Dynamic Environmental Flows
• Relatively new concept (but difficult to accept and implement)

• The challenge is to obtain a natural-like variability

• A theoretical basis has been sought so to include the environmental use of water either
as an additional user or as a criteria in optimization procedures (see next Lectures)

Ecosystem importance of streamflow variability

(Assumption: pristine biodiversity derives from the Natural Flow Regime) Gorla and Perona, 2013;
Niayifar and Perona, 2018
Razurel et al. 2018
Perona et al., 2021

Proportional (to incoming flow) releases

Non-proportional (to incoming flow) 
releases



Schematic of the major biological, chemical and physical processes 
involved in the production, consumption and atmospheric release 
of CO2and CH4in a typical deep reservoir.

Decomposition of organic carbon produces CO2 and CH4 (in anoxic conditions 
that can possibly occur in the Hypoliminion). Significant CH4 emissions occur 
when the methane-rich water experiences drastic changes in pressure and 
temperature (e.g., in turbines) and in the drawdown areas that are 
seasonally exposed due to periodic flooding and draining of reservoirs. 

Methane is particularly troublesome as it 
has more than 20 times the warming impact 
of CO2. 

Notice the different scales thought!

Cumulative GHG emissions (in equivalent 
gCO2) from the Three Gorges Reservoir 

Is hydropower really greenhouse gas-free?



Environmental Impact Assessment



Environmental Impact Assessment
Definition

EIA is a procedure that serves to provide information to authority planners, regulators and authorizing bodies about 
the effect on the environment of certain proposed project

Screening and ranking of a project is based on:

à Technical feasibility

à Environmental Impact Assessment 

à Financial and economical feasibility

à Reliability analysis



EIA – SOME DEFINITION AND GLOSSARY

ES, Environmental statement
The document reporting the Environmental Impact Assessment

Mitigation
The complex of actions to avoid, reduce and remedy potential adverse impacts

Compensation
Actions aiming at replacing an adverse impact either in kind or something of a different nature to 
that which may be lost

Enhancement
Improving elements of the environment

Scoping
The process to identify key environmental issues

Screening 
The process to decide if EIA is required



EIA is produced in form of report (Environmental statement), and should take place at 
different levels of the planning and design activities, i.e:

a) Early stage (feasibility) à

b) Project alternatives à

c) Project implementation à

The Environmental Statement should include: i) a description of the site and the project; ii) 
an outline of the main alternatives studied; iii) an analysis of significant direct and indirect 
effects; iv) measures to prevent, reduce or affect significant adverse effects

TO EVALUATE THE OVERALL ENVIRONMENT COMPATIBILITY

TO DISCRIMINATE AMONG ALTERNATIVES WITH DIFFERENT IMPACTS

TO MONITOR UNAVOIDABLE IMPACTS AND MITIGATE THEIR EFFECTS



The EIA process can be seen in form of flowchart 
to assess the role and importance of environmental 
components  



(A) SCOPING AND (B) BASELINE STUDIES

Is an essential first step in 
the assessment of a 
component (or 
environmental factor) 
such as for instance 
sedimentation, channel 
morphology, root change, 
etc.

Form the backbone of 
component assessments

A starting point is offered by 
the technical, economical 
and reliability studies

Scoping aims at:

à early stage identification of key receptors

à providing a ground plan for subsequent steps by making a 
preliminary assessment of project’s milestones



Preliminary assessment must target:

à project’s potential impact on component receptors, estimated from the 
project description and the nature of components and receptors

à Impact area and/or zones

à possible mitigation measures

à The need and potential for monitoring

à the methods and level of study to assess the above issues

SCOPING CHECKLIST, SIMPLE INTERACTION MATRIX, STEPPED INTERACTION MATRIX, 

SPATIAL REPRESENTATION (e.g., GIS)



Example of scoping in water related projects

Impact area may be confined to the project site and its 
immediate surroundings, but open hydrological impacts 
are likely to be widespread (e.g., dam construction).

Example of
scoping checklist 



(C) DESCRIPTION AND EVALUATION OF BASELINE CONDITIONS 

This should include 

à Clear presentation of methods and results;

à Indications of limitations and uncertainties (e.g., data accuracy, lack of information, …)

à Assessment of the value of key receptors and their sensitivity to impacts (implicitly included in 
impact matrixes)



(D) IMPACT PREDICTION

This should include the assessment of

à Direct / primary impacts i.e., direct result of the projected development

à Indirect / secondary impacts i.e., cascade impacts or impacts that occur in other 
locations and/or as a result of a complex pathway

à Cumulative impacts i.e., those impacts that accrue over time and space 
from a number of developments or activities, and to which 
a new project may contribute



All impacts must be graded:

Positive / negative
Short / Medium / Long term
Reversible / irreversible
Permanent / Temporary

Magnitude

Qualitative Quantitative

neutral 0
slight   ±1/2
moderate    ± 1
Large          ± 2

Component 
specific
(e.g, % change)

Simple Interaction Matrix: it provides a summary of the EIA 
process steps from scoping to impact prediction and forms 
the basis for mitigation and monitoring actions
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Interaction matrix example: Tallahala Dam, Mississipi (see also Schwemmle and Perona, 2019)

Perturbation: vegetation clearing Perturbation: sediment interception



(E) MITIGATION/COMPENSATION

Aim: to avoid, minimize or remedy/compensate for the 
predicted adverse impacts

• Identify alternative project developments / locations

• Modify design features, including site boundaries and features (e.g., landscape)

• Minimise operational impacts (e.g., pollution and waste)

• Specific measures, eventually outside the development site or administrative/nonsrtructural, to 

minimize/compensate losses (EG, discuss the KWO example for hydropower production)
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Mitigation measures should consider both

The construction phase
and

The operational phase

RESIDUAL IMPACT 
that remains after having operated 
mitigation or compensation

Precautionary principle

Mitigation should be based on the possibility of a significant impact before there is conclusive 
evidence that it will occur

Environmental enhancement

Additional task to mitigation (improvement of current environmental conditions) 





(F) EIS (ENVIRONMENTAL IMPACT STATEMENT)

The EIS is an integrate document that can be understood by “non-experts”, without 
compromising the integrity of the Environmental Impact Assessment.

As such it must be:

•Transparent to limitations and uncertainties;

•Including assessment of each component in relation to other (relartive importance)

•Addressing the conflicts of interests



(G) MONITORING

Systematic collection of specific data in time and space for the continuous assessment of environmental 
and socio economic variables related to a project development

baseline monitoring Time and space observations to quantify ranges of 
variations relevant to impact prediction and mitigation 
(additional to existing data, e.g. hydrological)

compliance monitoring Aimed at checking that specific conditions and standards 
are met

impact and mitigation
monitoring Aimed at comparing predicted and actual (residual) 

impacts. 


