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EU Water Framework Directive – by 2015

How to designate “ ‘Good’ ecological status of ‘potential’ “
What benchmark to use to ensure “No deterioration”?

UK Government change of culture driven by:
– 2011-12  most severe drought;
– Summer & autumn 2012 wettest on record
– Formal recognition of climate change



Classic Chalk stream (left) and ‘naturalized’ 
(right)  - the ‘Capability Brown’ model landscape 
contrasts with the dark, damp and dangerous 
wooded valley floor.



Future Climate Uncertain – hydroecology?

– Warmer world = more moisture in atmosphere
– UK Met Office forecast global +0.43oC in next decade
– Inter-annual runoff variability will increase
– High floods become 

more frequent (winter)
– Drought periods become 

more severe



Challenges for (Eco-) Hydrological Science

Objective: to maintain hydrographs as natural as possible given water 
supply commitments.

Challenges:

 The past as the key to the future in assessing hydrological 
variability?

In hydro-ecological models 

 Past reliance on space-for-time substitution

 Value of building empirical models using data from heavily modified 
systems? 

 How to transfer models from pristine to modified systems?.



Research Aims

• To derive e-flow management scenarios for 
heavily developed rivers

• To provide for the ‘best’ ecological configurations 
under current and future naturalized river & 
catchment conditions

• To advance ‘smarter’ flow management to 
optimize resource use and ecological protection.



Three (of the) dimensions of river resilience

Spatial variability of flows across drainage network

Inter-annual flow variability

Morphological complexity



after Gurnell et al., 2005

Restore morphological complexity 
and connectivity

Index = shoreline length

Island braided sectors 
have highest diversity and 
productivity
AND were more common

Elsewhere focus on hotspots



Typical Flow Regimes: 
Median, Most Probable, Most Frequent 

(Provided by Janina Gray)



The Cluster Analysis of the Principal Component loading 
from the River Dart (from 1959-2008, where 1968 and 2008 
were removed as outliers).

• Regime 1: 53% of the time (25 years in total); 
a single, high magnitude peak in median 
average flow in January/February.

• Regime 2: 26% of the time (12 years in total): 
a single high magnitude peak in December.

Resilience III – inter-year flow variability: 
Four Weather-dependent Regimes (Provided by Janina Gray)

• Regime 3: 13% of the time (6 years in total); 
an early high magnitude peak in December
followed by a higher magnitude peak in March and high summer flows through July.

• Regime 4: 9% of the time (4 years in total): two peaks, the first in 
November followed by a higher magnitude peak in January.  



Occurrence of four different River Dart Regimes 1959-2008 
(1968 and 2008 were removed as outliers). (Provided by Janina Gray)

Regime type/years

1989 – 2007
1:8 / 2:4 / 3:2 / 4:4

1979 – 1999
1:10 / 2:5 / 3:4 / 4:2

1969 – 1989
1:12 / 2:5 / 3:4 / 4:0

1959 – 1979
1:12 / 2:5 / 3:2 / 4:0

NB Type 4



River Trent drainage basin

10,500 km2 catchment area
275 km main river
Artificial influences: 
o abstractions, diversions and 

groundwater pumping in 
headwaters, 

o regulation below dams,
o flow augmentation from water 

reclamation works cooling and 
industrial water, and mine 
drainage



River Trent drainage basin: flow data 20 years+

31 stations on 23 rivers with:-
o Drainage areas from 53.2 up to 8231 km2

o Mean annual rainfall from 626 up to 1129 mm
o Gauging station sensitivity* from 5.4% up to 22%
o Runoff Proportion from 10 up to 74 % of rainfall
o Baseflow Index** from 0.41 up to 0.79
o Q95: qmean from 12.5 up to 53 %

*% change in flow with 10mm stage change at Q95; higher = greater 
uncertainty

**measure of catchment storage (e.g. clay – 0.2; chalk  – 0.9)



Spatial Diversity of Low-flows . River Trent drainage 
network, UK., (31 stations), 1990 – 2009.  (Provided by 
Emma Neachell)
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Drought Severity 1: total station days below four flow 
thresholds. River Trent drainage network, UK 
(31 stations), 1990 – 2009. (Provided by Emma Neachell)
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Spatial Diversity of Low-flows  1: total station days below 20% 
ADF. River Trent drainage network, UK., (31 stations), 1990 –
2009. (Provided by Emma Neachell)
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Principles for Managing Flows in Heavily-modified Catchments

• River ecosystems are adapted to the natural range of flows, which 
reflects inter-annual flow variations and short-term changes as well 
as seasonal variations.

• Extreme-flow impact will be most severe when coincident with key 
ecological periods, requiring analysis at seasonal or shorter  time 
windows.

• Natural flow (and temperature) regimes control alien species.

• The resilience of riverine ecosystems draining ‘human influenced’ 
catchments will be lower than in pristine catchments.



AIMS: 
To meet water supply demands and optimize 
available water for downstream ecosystem needs

To mimic natural flow patterns and is evolutionary
allowing the regulated river flow regime to change 
with changing climate

KPI:
To minimize the degree of flow regime alteration 
for ecosystem protection

Ecologically-informed flow regulation/abstraction management

River Lambourn, 2012



3 Key Elements:
Impose ‘hands-off’ baseflow regime based on (rolling) monthly flows

Allow some high flows of 0.6Qbk and above -
magnitude,  timing, frequency, duration and rates of rise and fall linked to 
natural functions

Optimize distribution of intermediate flows to users and environmental 
needs , e.g. (i) use fixed % of Q (e.g. 20:80) in real time, (ii) optimization 
using reservoir rules and e-flow rules

Future: Ecologically-informed flow regulation/abstraction management



SMART flow regulation

– Two approaches to develop operational rules for distributing e-volume to 
mimic nature

A. (i)  Determine seasonally-variable baseflow

(ii) Determine maximum capacity of outtake (higher flows to river)

(ii) Allocate fixed % of flows  between i) and ii).

B. (i) Determine seasonally-variable baseflow

(ii) Optimize flow allocations to water supply and environment based 
on flow rules that vary with ‘storage’ status.

(iii) Deliver e-flows according to reservoir inflow or tributary flow  

(WATER RESOURCES RESEARCH, VOL. 47, W08509, 
doi:10.1029/2010WR009991, 2011)



Conclusions

 Goal: to minimize degree of flow regime 
alteration from actual/current

 Approach should be evolutionary, allowing 
regulated flow regime to change with 
varying weather patterns and climate 
change

 Provide Minimum Maintained Flow as 
regulated river less resilient with loss of 
connectivity

 Harvest water during ecologically benign 
periods

 Smart hydrology +  flexible       
operations gives more 
ecological protection 
using less water!
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