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We use a holistic, mechanistic, integrated 
approach!

Natural 
infrastructure!

Built  
infrastructure!

natural services  
natural demand!

additional services  
human demand!

Socio-economic 
infrastructure!

human behaviour  
and decisions!



francesca.pianosi@bristol.ac.uk!
!

Gleick (2002) Nature!

The water challenge!

> Increasingly variable hydrological conditions !
> Fast-changing water demand!
> Need to reconcile human needs and natural environment conservation  
 
à Shift from “investing in centralized, large-scale, physical infrastructures”!

(‘hard path’)  
 
to 
 
“improving the productivity 
of existing infrastructures  
by efficient management”  
(‘soft path’)!
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The UK management and regulatory 
framework!

Asset Management Period 2015-2020 (AMP6) 
priorities:  
> increase water efficiency 
> shift from ‘capex’ to ‘totex’  
> find ‘no-build’ solutions  
> consider entire catchments rather than     

!individual WRS components!

24 water  
companies!

economic regulator !environmental regulator !

water and sewerage 
providers!



francesca.pianosi@bristol.ac.uk!
!

Two methodological challenges  
need to be addressed to support  
better water resources management!

[1] Integrate “built” infrastructure and “information” infrastructure  
!
!
!
!
!
 
 
[2] Estimate long-term costs and benefits in face of future uncertainty!
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[1] Increasing efficiency by connecting 
‘built’ and ‘information’ infrastructures!
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system 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decision!hydro-meteorological 

observations!

daily/weekly!
/seasonal 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‘optimal’  
operational decision  
suggested to 
decision-makers!
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Example from 4-reservoirs system 
in the Seine river basin, France!

How much can we improve the efficiency of existing infrastructure by 
making the best use of model forecasts?!
!

!

www.uni-kassel.de/fb14/wasserbau/CLIMAWARE/home/home.html!

Ficchì et al (2015) JWRPM!
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Methodology: we simulate and compare…!

Current operation:  
 
> each reservoir operated  
   as individual facility 
> each reservoir operated  
   to follow its “Rule Curve”!
!
!
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time!

drawdown!impounding!
Hydrologic-
hydraulic 
simulation!

Anticipated 
costs  

(objective 
functions)!

Real-Time 
Optimization  

(RTO)!

Reservoirs  
inlet/outlet  

flow decisions!
10-days ahead  
numerical weather 
forecasts!

Proposed new operation:  
 
> one coordinate approach  
   to operate all reservoirs jointly 
> coordinate operation based 
   on forecasts and RTO!
!
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Results: (i) assessing the potential of 
proposed new operation approach!

Rule Curves!
10-days ahead  
‘Perfect’ Forecasts!

RTO with ‘perfect’ forecast!

Simulation over 15-year period (01/08/1973-01/11/1988) !

!

Mean duration  
of event (days)!

Low!High!

!

Max excess  
flow (m3/s)!

Low!
!

High!
!

!

No of days 
with event!

Low!
!

High!
! !

No of stations  
with >1 event!

Low!
!

High!
!

reducing 
costs!

Max duration  
of event (days)!

Low!
!

High!
!



francesca.pianosi@bristol.ac.uk!
!

Results: (ii) assessing the value of 
available forecasts for RTO!

RTO with DF!
10-days  
ahead  
‘Perfect’  
Forecasts!
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10-days  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Forecasts!

RTO with EF!
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Forecasts!
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DF and EF produced  
by the European Centre for Medium-Range Weather Forecasts (ECMWF)!
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Results: (ii) assessing the value of 
available forecasts for RTO!

RTO with DF!
10-days  
ahead  
‘Perfect’  
Forecasts!

RTO with PF!
10-days  
ahead  
Deterministic  
Forecasts!

RTO with EF!
10-days  
ahead  
Ensemble 
Forecasts!

reducing 
costs!
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No of days with 
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with >0 events!

Simulation over flood event in February, 2007!
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!
PF DF EF!

No of stations  
with >0 events!

Results: (ii) assessing the value of 
available forecasts for RTO!
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Simulation over flood event in February, 2007!
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à Explicit consideration of forecast uncertainty 
can almost fill the performance loss  

due to forecasts inaccuracy!
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Example/2: Value of seasonal forecasts 
for reservoir operation in California!

Anghileri et al (2016) WRR!
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Example/2: Value of seasonal forecasts 
for reservoir operation in California!

Anghileri et al (2016) WRR!
!

X - 48 ANGHILERI ET AL.: VALUE OF LONG-TERM FORECAST TO RESERVOIR OPERATIONS
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Figure 10. Numerical value of streamflow forecast: potential value achievable using a perfect

forecast (left panel), actual value achievable using ESP forecast (right panel).
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Figure 11. Ratio between inter-annual and seasonal value, obtained by numerical computation:

over the entire horizon 2000-2010 (left panel), over the worst event (right panel).
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Potential for future research  
and applications!

> Explore the use of water supply reservoirs for flood control purpose!

Flood reduction!
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Potential for future research  
and applications!

> Explore the use of water supply reservoirs for flood control purpose!
> Explore coordinate operation of reservoirs for improving efficiency!
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Potential for future research  
and applications!

> Explore the use of water supply reservoirs for flood control purpose!
> Explore coordinate operation of reservoirs for improving efficiency!
> Explore using RTO linking to UK forecasting systems, and in particular!

!- including water demand forecasts!
!- expanding forecast lead-time from decadal to seasonal scale!

Hydrologic-
hydraulic 
simulation!

Anticipated 
costs  

(objective 
functions)!

Real-Time 
Optimization  

(RTO)!

Reservoirs  
inlet/outlet  

flow decisions!
10-days ahead  
numerical weather 
forecasts!

water demand  
forecasts  
!
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[2] Estimate long-term costs and 
benefits in face of future uncertainty!
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The traditional ‘top-down’ planning 
approach… and the problem of uncertainty!

t!
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(e.g. climate)!

system 
properties 

(parameters)!

model of  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!
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(A   B   C)!
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The problem has been long-debated  
for climate impacts assessment!

The envelope of uncertainty!

The cascade of uncertainty!

Future 
society!

GHG  
emissions!

climate 
model!

regional 
scenarios!

impact  
model!

local 
impacts!

adaptation  
responses!

Wilby and Dessai (2010) Weather!
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t!

A way out of the ‘uncertainty-dilemma’: 
the ‘scenario-discovery’ approach!
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The ‘scenario-discovery’ approach can 
be implemented by Global Sensitivity 
Analysis (GSA) techniques!
!
!
!
!
!
!
!
!
!
!
@Bristol we have recently developed several GSA  
methods and an open-source Toolbox: www.safetoolbox.info!
!
 
!

Over 700 users of SAFE in >50 countries!

e.g. Almeida et al (2016) HESSD 
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Concluding remarks!

> We possess the tools to better characterise uncertainties in weather 
and hydrological predictions and their implications for water resources  
(floods and droughts)!
!
> Explicit consideration of such uncertainties can significantly improve 
water resource planning and management!
!
> We need to keep advancing our techniques and demonstrating them 
in real-world applications!


