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Key flow-ecology considerations in environmental flow assessment
An International View

Michael McClain

Training/Workshop on Environmental Flow Assessment-Approaches

CWC, Bhuvneshwar, Odisha; 18 April 2019
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What is an environmental flow?
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Environmental flows are one of many types of flows quantified,
allocated, and delivered in water resource management to meet specific

objectives.

The most common objectives worldwide relate to the level of vitality
and function (health or integrity) of aquatic and riparian ecosystems.

In some legal settings (e.g. Europe) these objectives are formulated
along gradients from high to low, while in others (e.g. India) they are not
specific.
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Tools for Integrated Water Resources Management

Pollution prevention programs

Soil conservation programs

Water conservation programs

Fisheries rules & restrictions ,
Protected area designation and management

Environmental flows

“IWRM is a process that promotes the coordinated development and
management of water, land and related resources, in order to maximize _

. . ) ) - Global Water Partnership. 2000.
the resultant economic and social welfare in an equitable manner Integrated Water Resources

without compromising the sustainability of vital ecosystems” (GWP, 2000) Eﬁiﬁfiﬂeit'm Background
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The need to maintain some minimum level of flow in rivers has been

recognized, studied, and communicated for more than a century. Origins are
blurry, but increasing references can be found in both public health and
fisheries biology literature between 1850 and 1950.
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The Great Stink of Thames River in London 1858, due to

sewage. Source: Punch, June 18, 1859

Commercial salmon fishing on the Eel River, California 1850s.
Source: Humboldt County Historical Society
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Environmental flows can be achieved by Iimiting
abstractions...

PARTNERSHIP

—
S F = . m—
! " . —_——
< == ” - - — -}
' L e
P - L T —r—
B
M A = = —
g =
- — 7\
e - ajl=
=~ wal" |
t ‘
= S ' :
Ce=d_ el

Chewaucan River, Oregon. Photo credit: US Forest Service Orange River. Photo credit: Orania Beweging
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... or they can be achieved by requiring releases

Reventazon Dam, Costa Rica
Photo credit: The Tico Times
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The Brisbane
Declaration 2018

“Environmental flows describe
the quantity, timing, and
qguality of freshwater flows and
levels necessary to sustain
aguatic ecosystems which, in
turn, support human cultures,
economies, sustainable
livelihoods, and well-being.”

Skeena River & Estuary, Canada. Photo credit: Ocean Ecology
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CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
C PERSONAL SAFETY
Provisioning SECURE RESOURCE ACCESS
FOOD SECURITY FROM DISASTERS
FRESH WATER
WOOD AND FIBER
FUEL _ _
| Basic mat_erlal
for good life Freedom
_ | ADEQUATE LIVELIHOODS of choice
Supporting Regulating | SUFFICIENT NUTRITIOUS FOOD and action
SHELTER
NUTRIENT CYCLING CLIMATE AEGULATION ACOESS TO GOODS OPPORTUNITY TO BE
SOIL FORMATION FLOOD REGULATION | ABLE TO ACHIEVE
PRIMARY PRODUCTION gﬁf?g%ggﬁ%ﬂgm WHAT AN INDIVIDUAL
| Health VALUES DOING
| STRENGTH AND BEING
FEELING WELL
Cultural | ACCESS TO CLEAN AIR
AESTHETIC | AND WATER
SPIRITUAL |
ECOSE{STEMS EDUCATIONAL
AND UMAN 7 F
ot RECREATIONAL Good social relations
WETLANDS SOCIAL COHESION
AND WATER MUTUAL RESPECT

Synthesis ABILITY TO HELP OTHERS
LIFE ON EARTH - BIODIVERSITY

Source: Millennium Ecosystem Assessment

Millennium Ecosystem Assessment, 2005. ECOSYSTEMS AND HUMAN WELL-BEING: WETLANDS AND WATER
Synthesis. World Resources Institute, Washington, DC.
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The European Union Water
Framework Directive

Ecological flows in the implementation
of the Water Framework Directive

Ecological flows are considered within the context of the WFD as
“a hydrological regime consistent with the achievement of the
environmental objectives of the WFD in natural surface water
bodies as mentioned in Article 4(1)”.

Considering Article 4(1) of the WFD, the environmental objectives refer to: - non deterioration of the existing status -
achievement of good ecological status in natural surface water body, - compliance with standards and objectives for
protected areas, including the ones designated for the protection of habitats and species where the maintenance or
improvement of the status of water is an important factor for their protection, including relevant Natura 2000 sites
designated under the Birds and Habitats Directives.

European Commission. 2015. Ecological flows in the implementation by
of the Water Framework Directive Guidance Document No. 31. glz P —



https://circabc.europa.eu/sd/a/4063d635-957b-4b6f-bfd4-b51b0acb2570/Guidance No 31 - Ecological flows (final version).pdf
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Classification of ecological status

High Reference conditions  Maintain as high
Good Small deviation from  Maintain as good
reference conditions
Moderate =~ Moderate deviation Implement
actions to
Poor Large deviation improve the
status

European Union Water

Bad Heavily contaminated Framework Directive
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Republic of South Africa
Water Act 1998

“Reserve' means the quantity and quality of water
required —

(a) to satisfy basic human needs by securing a basic water
supply, as prescribed under the Water Services Act, 1997
(Act No. 108 of 1997), for people who are now or who will,
in the reasonably near future, be - (i) relying upon; (ii)
taking water from; or (iii) being supplied from, the relevant
water resource; and

(b) to protect aquatic ecosystems in order to secure
ecologically sustainable development and use of the
relevant water resource

Republic of South Africa Water Act 1998 emented by:



http://www.dwa.gov.za/Documents/Legislature/nw_act/NWA.pdf
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Murray Darling Basin Authority

The amount of water required to support
priority ecosystem functions that can be
managed with environmental water in
priority environmental assets that can be
managed with environmental water.

data

https://www.legislation.gov.au/Details/F2012L02240
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water resource plan areas « Groundwater
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What are the Priority Environmental Assets
in the Mahanadi Delta?
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Flow-Ecology Relationships
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Principle 3
Lateral connectivity
Longitudinal connectivity

Channel form
Habitat comp

Patch disturbance

Principle 1

lexity — Bijotic diversity

AN
access to spates
floodplains ==-.,y

N

variability

\ 4

dispersal /| .-..
triggers :

\

Discharge

.
.
.
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I.;epr ductive triggers
“.seasonality

Principle 2
Life history patterns
e Flowers & seeds
e Growth strategy

stable baseflows

drought

Time

Bunn, S.E. and Arthington, A.H., 2002. Basic principles and

Principle 4

Natural regime discourages invasions

ecological consequences of altered flow regimes for
aquatic biodiversity. Environmental management, 30(4),
pp.492-507.
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habitat in streams, which is in turn a major

determinant of biotic composition

* Distribution of aquatic and riparian species
determined by substrate, flow velocities, and stability
of flows.

; ‘:‘macrophytes
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* Flow depths, velocities, and resulting substrate determine
habitat for aquatic invertebrates.

Substrate size gl’a | n S' Ze :ept_i;gl) d e pth
- — W =03,
o a8 E;:i:"mm Deleatidium @ 0.6 []>0.3-05 Deleatidium
Jowett, I. G. (2003), Hydraulic é 0.6 4 H>64mm _w‘j@y L
constraints on habitat suitability [ VNS o
for benthic invertebrates in 4 041 ";; H 041 Deleatidium
gravel-bed rivers. River Research R o I\ .
and Applications, 19: 495-507 | 0.2
= b B g
T 0.
E 8 Nesameletus g 06 Nesameletus
Nesameletus Waitakere City Council | s 0.4
0.5 1
- 0.3
§ 04 E Nesameletus
5 0.3 1 g 0.2
E 0.2 1 ]
§ 019 g 0.1
e 0 0~
=0.4 0.4- 0.65- =0.9 <=0.4 0.4- 0.65- =0.9
=[.65 =0.9 =065 =09
Velocity range (m s-) mayﬂies Velocity range (m s-')

Video of Nesameletus
http://www.waitakere.govt.nz/abtcit/ei/ecowtr/macroinv/videos/Nesameletus.mpg
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habitat in streams, which is in turn a major -
determinant of biotic composition

* Flow depths, velocities, and cover are important habitat
characteristics for fish.
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strategies primarily in direct response to the natural Pmerse_, S =

flow regimes.

* The onset of higher flows or stabilizing low flows are triggers for
many fish and other riverine species to spawn.

Stable low flow High flow

‘1
«p

@© Dr. Brudbpaxt:

Australian Smelt: Retropinna semoni

Colorado Pikeminnow: Ptychocheilus lucius
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Principle 2: Aquatic species have evolved life history — ==B_ o W
ooperati OB

* The onset of higher flows triggers the release of seeds by
riparian plants.
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lateral connectivity is essential to many species. - —1 EUROPEAN UNION

* Diadromous fish must migrate as part of their life cycle.

4— Upstream migration
Nursery region

Pre-adult and adult feeding region

Spawning headwaters.

N .+ - “ . Migration of the Dourado
s e —.catfish in the Amazon River
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(Brachyplatystoma flavicans)
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Tambaqui (Colossoma
macropomum) use of
floodplain lakes and forests

N La'ndsat Iméige, 543/RGB, November/2006
, processed by INPE/Prodes
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Open Water

Aquatic Plants (255d)

Herbaceous Marsh Plants (142d)
Shrub Swamp (95d)
Floodplain Forest (4.5d)

Floodplain Habitat Extent (1d)

Julian, D.W. et al., 2015. Decision support system for water and environmental resources in the Connecticut River basin. Journal of Water Resources,Planning
and Management, 142(1), p.04015038.
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Northern
tamarisk
beetle

. http://images.wikia.com/fallout/images/b/b5/Colorado-river-
http://www.flickr.com/photos/ironrodart/ Tamarisk running-low.jpg
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Example: 01543500 Sinnemahoning Creek at Sinnemahoning, PA (685 sq mi)

Flow Component (Daily Exceedance Probability )

High Flow Events (Q,, to Q.)
Seasonal Flow (Q, to Q,.)

- Low Flow (Qg; to Q;s)

- Minimum to Q.

8000 1— o High Flow-related needs
® Seasonal Flow needs
® |ow Flow-related needs
e WINTER
)
o
FALL
3+
E ® Maintain ice scour
e 4000 4——— __ _ events and floodplain _

connectivity

“ Support winter

J emergence of aquatic
¢ Cue diadromous insects and maintain
2000 --fish emigration overwinter habitat for
macroinvertebrates

+® Maintain overwinter
itats for resident fish

“® Maintain stable

SPRING

# Maintain channel
morphology, island formation,
and floodplain habitat

SUMMER

® Transport organic matter and fine
sediment

#e® Promote vegetationgrowth |

¥ Cue alosid spawning
migration and promote egg and
larval development

® Cue and direct inmigration of juvenile
American Eel
® Provide abundant food resources and

nesting and feeding habitats for birds
‘and mammals

% Support spring emergence of
aquatic insects and maintain
habitats for mating and, egg
laying

®® Support development and growth of
all fishes, reptiles, and amphibians

®® Maintain connectivity between

habitats and refugia for resident and
diadromous fishes

@@ Support mussel spawning, glochidia
release, and growth

*® Promote macroinvertebrate growth
*® Maintain water quality

® Maintain hyporheic habitat

DePhilip and Moberg 2010
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River Flow (cfs)

American shad adults " gg. larvhl|ad juvenile development “adults
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39000 1944 (pre-dam typical year)
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How to implement environmental flows ?
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Dam

Reservoir

Powerhouse

b Turbine
€nstock

Fish Passage
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Hirukud Dam

Implemented by:

a
Deutsche Gasellschaft
fir Internationale
Zusammenarbeit (G1Z) GmbH




Conditions
imposed on water
user/operator

Legal rights to
water for the
environment itself




STORAGE STORAGE CURRENT PERCENT NET CHANGE Q-
(RECORDED CAPACITY VOLUME FULL IN PAST WEEK }]‘]’w

o DATE) (ML) (ML) % %
Conditions on storage operators
Nepean Dam 67,730 48,673 71.9 0.7
Saturday 02

LATEST NepearftDam, Australia
. )
ENVIRONMENTAL FLOW o C—
RELEASES
Nepean Dam v

Today's requirements
16 ML

Past week

143 ML

Past year

9,578 ML

Source: Water New South Wales, Australia
http://www.waternsw.com.au/supply/dam-levels/greater-sydneys-dam-levels
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River models

Ca pS On Consumptlve Water use Major dams and weirs

Models indicated in green plillls

have been used only for 1GaK

assessing water availability Mid-Condamine IQQM

or for baseline runs to Upper-Condamine
determine inflows. They have 1aaM

not been used to determine

SDLs for these areas.

Moonie IQQM

St George WSS Macintyre

Brook 1aQM

“The volume of water that would have been diverted under
1993/94 levels of development”.

Lower Balonne
[e[e]]
Warrego 1M

14,000
Paroo 1QQM
m— Captargets
12,000
s [iversions Barwon-Darling
[ele]]
1 I:I.I:":'I:I Macquarie-
Fll:l'-l'n' to the sea® Castlereagh 1QQM
E &,000 ‘
=
=
a Lachlan IQGM
bl 5000 \A
o
&,000
2 .I:I:IL'I BigMOD Murrumbidgee 1QQM ésgpﬁartzi‘;\ m
Upper
Murrumbidgee
|] [ele] 7]

[=x] [l = — [ ] [nar] - [T i £= ] [ra]
I 1 [} [} [} 1 1
- [==] = = — (=] Inr) - L = L [==]
o = O = = = = = = = = =
[ [~ i ] ] = = =] = = = =] Snowy Hydro
— — — ] ] (=] = 2] = ] ] ] SIMV9

Wimmera Goulburn Simulation Model (REALM)
!rea r REALM Loddon/Campaspe/Goulburn-Broken

https://www.mdba.gov.au/news/modelling-future-flows-
managing-basin%E2%80%99s-water
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Environmental water rights

Loddon River in Victoria, Australia Drought Wet to very wet
Main objective: PROTECT | Main objective: MAINTAIN Main objective: RECOVER | Main objective: ENHANCE
1 000 _ » Avoid critical loss » Maintain river » Improve ecological » Restore key floodplain
’ » Maintain key refuges functioning with health and resilience and wetland linkages
» Avoid catastrophic reduced reproductive » Improve recruitment » Enhance recruitment
events S _ opportunmes for key op_portunlties for key
B ﬂ U - |V;a:1nt§n :erﬂ;unct:;r;z animal and plant animal and plant
==, . of high-priority we s ies species
m Spring fresh b i .
L] Manage within dry-spell
E ¥4 - v tolerances
Q
35 600 [—
S
3
= 400
Summer/ Summer/
200 Autumn/winter/ fI'EEIL St umn aUt::'Ilmn low Autumn/winter/ Doolan, J.M., Ashworth, B.
[ : hes OwWSs 1 irepi
spring low flow : spring low flow and Swirepik, J., 2017.
- 4 Yy , Planning for the active
‘1 /n\ /\{ management of
| | ' - — ! .' ! L — | environmental water.
July 2013  Aug Sept Oct Nov Dec Jan 2014 Feb Mar Apr May Jun In Water for the
Month Environment (pp. 539-561).
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Ecological or environmental reserve

Total
natural
yield

—

__ allocatable L
yield

J reserve

water
allocated
to different
sectors

and users

lllustration modeled after one in Speed et al. (2013) Basin Water Allocation Planning. Principles,
procedures and approaches for basin allocation planning, UNESCO, Paris.
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(a) to satisfy basic human needs by securing a basic water
supply, as prescribed under the Water Services Act, 1997 (Act
No. 108 of 1997), for people who are now or who will, in the
reasonably near future, be - (i) relying upon; (ii) taking water
from; or (iii) being supplied from, the relevant water resource;
and

(b) to protect aquatic ecosystems in order to secure
ecologically sustainable development and use of the relevant
water resource

— All other uses

—— International obligations

% The Reserve: BHN & Ecology

~ Source: Manyaka-Greiling-Meiring Ltd
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* *
* 5 %

cooperation
DEUTSCHE ZUSAMMENARBEIT

EUROPEAN UNION
= i , \B KON TR

No Restrictions
Abstraction permitted up
to permit limits

flood flow

Restriction Zone 1

No irrigation abstraction
permitted. Domestic normal flow ¢
abstraction up to permit G water-technology.net
limits.

eV r{m\ Water Alliance

Restriction Zone 2
Domestic abstraction
rationed to 25 |/p/d.

reserve

Implemented by:

a
Deutsche Gasellschaft
fir Internationale
Zusammanarbeit (G1Z) GmbH



http://www.deltafarmpress.com/irrigation-systems/farm-water-storage-can-help-ease-drought-risk
http://mwawater.org/2017/09/saku-water-kiosk-eliminates-cash-handling/

