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Introduction

The number of dams is expected to increase 

to mitigate the responsiveness of flow 

regimes to climate change

CLIMATE CHANGE & WATER MANAGEMENT: a topic of great interest!
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▪ Are there distinctive patterns of river regime alterations associated to specific

reservoir functions and features?

▪ Are reservoirs able to mitigate long-term fluctuations of flow regimes?

▪ How is this related to reservoir features and management strategies ?

Research Questions & Scopes

MANAGEMENT OF 

INFRASTRUCTURES 
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SCALE PERSPECTIVE 

DAM
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THE ECOLOGICAL AND 
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EVOLUTION OF 

DAMMED RIVERS

SCOPESCOPE



HUMAN WATER USES

REGULATION CAPACITY [𝐑𝐂]

20 isolated dams spanning different water uses …

INCLUDING FLOOD CONTROL

… as well as different values of regulation capacity [𝐑𝐂]

𝑅𝐶 𝑑 =
𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑡𝑜 𝑓𝑙𝑜𝑜𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 [𝑚3]

𝑚𝑒𝑎𝑛 𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑓𝑙𝑜𝑤 [𝑚3/𝑑]

Study Sites

FLOOD CONTROL WATER SUPPLY ENERGY PRODUCTION



Theoretical Framework
FLOW REGIME ALTERATIONS BY DAMS

SEASONAL VALUES OF

𝑸𝑵𝑨𝑻 &   𝑪𝑽𝑵𝑨𝑻

SEASONAL VALUES OF

𝑸𝑹𝑬𝑮 &   𝑪𝑽𝑹𝑬𝑮

UNREGULATED FLOWS REGULATED FLOWDAM



DEGREE OF 

STREAMFLOW STABILITY,  

s(Q)

VS

DEGREE OF STREAMFLOW STABILITY [s(Q)] : 

ability of flows to buffer their responsiveness to hydroclimatic fluctuations

𝒔(𝑸) = ∆𝒑(𝑸) = 𝒑𝒊+𝟏(𝑸) − 𝒑𝒊 (𝑸)

Theoretical Framework



STABILITY RATIO [SR] : 

𝑺𝑹 =
𝑺∗(𝑸𝑹𝑬𝑮)|𝟎

∞

𝑺∗(𝑸𝑵𝑨𝑻)|𝟎
∞ =

𝟎׬
∞
|𝒔 𝑸𝑹𝑬𝑮 | 𝒅𝑸

𝟎׬
∞
|𝒔 𝑸𝑵𝑨𝑻 | 𝒅𝑸

< 1 : regulation SMOOTHS inter-annual fluctuations

> 1 : regulation ENHANCES inter-annual fluctuations

NATURAL VS REGULATED REGIMES

➢ INDICATOR 1/2

Theoretical Framework

TENKILLER 

DAM



LOW-FLOW STABILITY [LS] : 

stability of flows smaller than the threshold 𝐐∗

𝑳𝑺 = 𝑺(𝑸)|𝟎
𝑸∗

= 𝟎׬
𝑸∗
𝒔 𝑸 𝒅𝑸 with   𝑸∗ = 𝟎. 𝟐𝟓 𝒎𝒎/𝒅

NATURAL VS REGULATED REGIMES

➢ INDICATOR 2/2

Theoretical Framework

TENKILLER 

DAM



Results – Flow Regime Alterations

FLOOD CONTROL AND WATER SUPPLY PRODUCE DISTINCTIVE IMPACTS ON FLOW REGIMES

𝑸𝑵𝑨𝑻 ≈ 𝑸𝑹𝑬𝑮

𝑪𝑽𝑵𝑨𝑻 > 𝑪𝑽𝑹𝑬𝑮

HOMOGENIZATION 

OF FLOWS

FLOOD CONTROL

𝑸𝑵𝑨𝑻 > 𝑸𝑹𝑬𝑮

𝑪𝑽𝑵𝑨𝑻 < 𝑪𝑽𝑹𝑬𝑮

DIVERSIFICATION 

OF FLOWS

WATER SUPPLY

[Ferrazzi and Botter, 2019]



Results – Flow Regime Alterations

FLOOD CONTROL WATER SUPPLY PRODUCE DISTINCTIVE IMPACTS ON FLOW REGIMES

FLOOD CONTROL WATER SUPPLY

𝑹𝑪 < 𝟐𝟎𝟎 𝒅

𝑹𝑪 > 𝟐𝟎𝟎 𝒅



WATER SUPPLY DAMS

s(Q) - UNREGULATED FLOWS

SMOOTHED

VARIABILITY

Results – Streamflow Ratio

WATER SUPPLY SMOOTHS FLUCTUATIONS BY NARROWING THE SPECTRUM OF FLOWS

s(Q) - REGULATED FLOWS

[Ferrazzi et al., 2019]



FLOOD CONTROL DAMS [𝐑𝐂 < 𝟐𝟎𝟎 𝐝]

SAME

VARIABILITY

Results – Streamflow Ratio

LOW REGULATION CAPACITY DAMS LEAVE UNALTERED STREAMFLOW FLUCTUATIONS

s(Q) - UNREGULATED FLOWS

s(Q) - REGULATED FLOWS

[Ferrazzi et al., 2019]



FLOOD CONTROL DAMS [𝐑𝐂 > 𝟐𝟎𝟎 𝐝]

ENHANCED

VARIABILITY

Results – Streamflow Ratio

HIGH REGULATION CAPACITY DAMS ENHANCE FLUCTUATIONS BY UNEVEN OPERATIONS  

s(Q) - UNREGULATED FLOWS

s(Q) - REGULATED FLOWS

[Ferrazzi et al., 2019]



WATER SUPPLY 
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Results – Low-Flow Stability

DAMS LEAVE UNALTERED LOW-FLOW FLUCTUATIONS

UPPER PDFs – REGULATED FLOWS

LOWER PDFs – UNREGULATED FLOWS

[Ferrazzi et al., 2019]



FLOOD CONTROL [𝐑𝐂 < 𝟐𝟎𝟎 𝐝]
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Results – Low-Flow Stability

DAMS LEAVE UNALTERED LOW-FLOW FLUCTUATIONS

UPPER PDFs – REGULATED FLOWS

LOWER PDFs – UNREGULATED FLOWS

[Ferrazzi et al., 2019]



FLOOD CONTROL [𝐑𝐂 > 𝟐𝟎𝟎 𝐝]

Results – Low-Flow Stability

DAMS LEAVE UNALTERED LOW-FLOW FLUCTUATIONS

UPPER PDFs – REGULATED FLOWS

LOWER PDFs – UNREGULATED FLOWS
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[Ferrazzi et al., 2019]



Conclusion

Reservoir functions and regulation capacity control the patterns 

of dam releases under unsteady hydroclimatic conditions.1.

The control of reservoir functions and regulation capacity does 

not extend to low flows.2.

Dams are unlikely to reduce the sensitivity of flows to climate

variability supporting the security of downstream water uses.3.



Thanks for your attention!


