
Na#onal Colloquium on Water Demand 
Management : PWTC, Kuala Lumpur  

19 – 21 October 2009 

Enhancing the Management of  
Water Resources Towards 
Sustainable Environment: 

Managing Environment Flow  

Dato’ Ir. Lim Chow Hock 
Dr Mohamed Roseli bin Zainal Abidin 

Department of  Irrigation and Drainage, Malaysia 
Ministry of  Natural Resourses and Environment 



Focus of Presentation 
•  Environmental Flow (e‐flow) in Rela#on to Water Demand 

•  Global Mapping of Environmental Water Requirements and 
Water Scarcity 

•  E‐flow Defini#ons 
•  The Science of Flow‐Ecology Rela#onships 
•  E‐flow Management Assessment and Strategies 

•  Examples on the Checklist on the Applica#on of 
Environmental Flows in River Basin Management 

•  E‐flow: Ensuring Clean, Living, Pris#ne River System 

•  Methods for flow assessment 
•  Study on Environmental Flows in Malaysia 

•  Conclusions 



Environmental Flow (e‐flow) in 
Rela#on to Water Demand 

The driving forces for establishing water 
demand in water resources management may 
be based on resource scarcity, distribu#on 
system limita#ons, and/or efforts to manage 
opera#ng costs. Responses to such needs can 

range from a conserva#on strategy that 
preserves available supplies to a resource‐

management strategy. 



Environmental Flow (e‐flow) in 
Rela#on to Water Demand 

• One of the efforts on resource‐management 
strategy is in managing environmental flow 
(e‐flow) in aqua#c ecosystem.  
Ö In aqua#c ecosystems, such as rivers, wetlands, 
estuaries and near‐coast marine ecosystems 
provide a great variety of benefits to people.  

Ö Include such as clean drinking water, fish and 
‘services’ such as water purifica#on, flood 
mi#ga#on and recrea#onal opportuni#es 



Environmental Flow (e‐flow) in 
Rela#on to Water Demand 

• Rivers and other aqua#c ecosystems need 
water and other inputs like debris and 
sediment to stay healthy and provide 
benefits to people.  
• E‐flows are a cri#cal contributor to the health 
of these ecosystems. The absence of 
environmental flows puts at risk the very 
existence of ecosystems, people and 
economies. 



Global Mapping of 
Environmental 

Water 
Requirements and 
Water Scarcity 

Figure 1: Diagrams illustrating (a) environmentally 
safe, (b) environmentally water scarce and  
(c) environmentally water stressed basins. 

(Smakhtin, et al. (2002)) 



Global Mapping of Environmental Water 
Requirements and Water Scarcity 

Figure 2: A map of long‐term average annual water resources (MAR) by 
basin, calculated by the WaterGAP2 model (Smakh#n, et al. (2002)) 



Global Mapping of Environmental Water 
Requirements and Water Scarcity 

Figure 3: A map of es#mated environmental water requirements as a 
percentage of total long term average water resources (Smakh#n, et al. (2002)) 



Global Mapping of Environmental Water 
Requirements and Water Scarcity 

Figure 4: A map of a water stress indicator (WSI) which takes into account 
environmental water requirements in river basins (Smakh#n, et al. (2002)) 

WSI = Withdrawal/(MAR‐EWR) 



Global Mapping of Environmental Water 
Requirements and Water Scarcity 

Figure 5: A map of the “tradi#onal” water stress indicator (water 
withdrawals as a propor#on of the long‐term average total water 
resources) (Smakh#n, et al. (2002)) 

WSI = Withdrawal/MAR 



E‐flow Defini#ons 

• E‐flow can be defined as ‘The water regime 
provided within a river, wetland or coastal 
zone to maintain ecosystems and their 
benefits where they are compe#ng water 
uses and flows are regulated’ (IUCN, 2003).  
• E‐flow concept means enough water is lef in 
our rivers, which is managed to ensure 
downstream environmental, social and 
economic benefits (The World Bank, 2003) 



E‐flow Defini#ons 

• E‐flow can also be defined as ‘The water that is 
lef in a river ecosystem, or release into it, for 
the specific purpose of managing the condi#on 
of that ecosystem’ (The World Bank, 2003) 
• E‐flow must be seen within the context of 
applying IWRM in catchments and river basins. 
E‐ flows will only ensure a healthy river if they 
are part of a broader package of measures, such 
as soil protec#on, pollu#on preven#on, and 
protec#on and restora#on of habitats (IUCN, 
2003) 



The Science of Flow‐Ecology Rela#onships 

Ref: Naiman, et al. (2007) 



Environmental Flow Management 
Assessment and Strategies 

How e‐flow can be applied and plan for mobilising ac#on in river 
basin management: The six (6) learning objec#ves (ICUN, 2008):  
• Understanding the principles of e‐flows; 
• Familiarisa#on with methods for flow assessment and op#ons for 
managing infrastructure; 
• Understanding of  how to define flow scenarios and nego#ate 
flow regimes with stakeholders; 
• Development of an implementa#on framework for e‐flows, 
encompassing governance and economic requirements; 
• Crea#on of roadmaps for fostering coopera#on and social 
learning, genera#ng poli#cal momentum and managing change; 
• Formula#on of ac#on plans for applica#on of e‐flows in 
management plans for project basins. 



Examples on the Checklist on the Applica#on of 
Environmental Flows in River Basin Management 

(ICUN, 2008)  

Checklist 1: Understanding Flow Requirements, Semng Up E‐
flow Applica#ons: 
• Iden#fy exper#se – needed and available 
• Collate exis#ng data and establish data collec#on 
• Create a data centres – a data management system and library 
• Conduct training and build capacity – build mul#‐disciplinary 
teams 
• Develop and start implemen#ng a research programme 
• Conduct pilot studies 

Ö  select method, based on problems, resources and goals 
Ö  data acquisi#on and analysis 
Ö  knowledge sharing and social learning 
Ö monitoring 



Examples on the Checklist on the Applica#on of 
Environmental Flows in River Basin Management 

(ICUN, 2008)  

Checklist 2: Semng Objec#ves/ Working 
with Scenarios 

Checklist 3: Modifying Management 
Infrastructure 
Checklist 4: Understanding Costs and 
Benefits/Covering the Costs 

[detail in the write up] 



Checklist 5: Elements of Reform Processes – Policy, Legal 
and Ins#tu#onal  
• Review current policies and legisla#on, including hard 
and sof law. Iden#fy entry points in na#onal and 
interna#onal processes (eg in strengthening na#onal 
planning for IWRM, transboundary coopera#on 
agreements). Find basis for engagement in current 
policies and law. Capitalise on exis#ng processes. 
• Review ins#tu#onal setup, including mechanisms for 
implementa#on and monitoring. 
• Properly define the e‐flow concept – in legal, technical 
and prac#cal terms. Seek input from technical experts, 
then influence policy processes in legislatures. Ensure all 
water users and sectors are well‐informed. 

Examples on the Checklist on the Applica#on of 
Environmental Flows in River Basin Management 

(ICUN, 2008)  



Checklist 5: Elements of Reform Processes – Policy, Legal and 
Ins#tu#onal  (con&nue ……..) 

•  Incorporate public dialogue into reform processes, through 
‘socialisa#on’ of concept and communica#on of prac#cal 
meaning. Learn from prac#cal pilots and tes#ng. Support 
social learning. Facilitate civil society input into legisla#ve 
reforms. Facilitate input and par#cipa#on in planning.  

•  Iden#fy opportuni#es for transboundary alignment among all 
riparians. Align bopom‐up and top‐down processes. 

•  Integrate e‐flow and water management into wider policies, 
law and ins#tu#ons rela#ng to development in a basin. 

•  Consider ins#tu#onal set‐up that will enable implementa#on 
of policies and laws. 

•  Draf laws and policies and review. 

Examples on the Checklist on the Applica#on of 
Environmental Flows in River Basin Management 

(ICUN, 2008)  



E‐flow: Ensuring Clean, Living, Pris#ne River System 

A natural river showing water at high river 
stage and low river stage 

Ecological func#ons 
performed by different 
river flow levels: 

Flow 
component  

Low (base) 
flows  

High pulse 
flows  

Floods 

[See the Ecological Roles for each of these 
flow component in Table 1 from the write up] 

Main river channel (about 2-
years return period) 

Actual river section 

Maintaining rivers in their 
natural environment 



•  Through understanding 
river hydraulics – 
keeping water level at 
2/3 bankfull flow 

E‐flow: Ensuring Clean, Living, Pris#ne River System 

Main channel Floodplain  Floodplain 
B3 

B4  B2  B4 

B1 

D1  D
4

D3 
D2 

storage 

A typical compound channel with the concept of 
natural waterway features (afer Roseli, 1999) 

Typical kinema#c wave speed – discharge and 
apenua#on parameter – discharge curve 

Hydraulic Parameters Associated with 
Overbank Flow (Afer Knight and 
Shiono, 1996) 



E‐flow: Ensuring Clean, Living, Pris#ne River System: through 
understanding the river natural ecosystem [Stream Channel 
Morphology (Dimension, Papern and profile), instream structure, 
floodplain connec#on, riverbank stabiliza#on, riparian corridor 
vegeta#on, habitat enhancement] 

BANKFULL DISCHARGE 



E‐flow: Ensuring Clean, Living, Pris#ne River System: 
through understanding the river ecosystem 



E‐flow: Ensuring Clean, Living, Pris#ne River System: 
through understanding the river ecosystem 

Fish spawning and migra#on 

Riparian Zone management 



E‐flow: Ensuring Clean, Living, Pris#ne River System: 
through understanding the river ecosystem 



E‐flow: Ensuring Clean, Living, Pris#ne River System: 
Ecosystem Flow Downstream of Dam 

This diagram highlights some of the key ecological objec#ves to be supported by the flow recommenda#ons 
developed for the Savannah River floodplain segment. These objec#ves pertain to specific flow components (low 
flows, high flow pulses and floods), #me of year, and water year type (dry, average, wet) 

Ref: Richter, et al. (2006) 



Overview of methods for flow assessment 

What is an e‐flow assessment? 

“Is  an  assessment  of  how  much  of  the  original 
flow  regime  of  a  river  should  con#nue  to  flow 
down  it  and  onto  its  floodplains  in  order  to 
maintain  specified,  valued  features  of  the 
ecosystem  hydrological  regimes  for  the  rivers, 
the  e‐flow  requirements,  each  linked  to  a 
predetermined  objec#ve  in  terms  of  the 
ecosystem’s future condi#on...” 

Source: Tharme, 2003 



Developing environmental flows 

• Tharme (2003) iden#fied > 200 different methods 

• Range from simple ‘rules of thumb’ to complex, 
mul#‐year processes integra#ng modeling and field 
data 

Categories of environmental flows methodologies and examples 

1. Hydrologic  Tennant 
Q 90 

2. Hydraulic ra#ng  Weped perimeter method 

3. Habitat simula#on  IFIM 
PHABSIM 

4. Holis#c Methods  Building Blocks 
Methodology (BBM)  Source: Tharme, 2003 

See Appendix D in the 
write up for detailed 



Methods for flow assessment 
•  Hydrological ‐ Primarily use hydrological data (historical 

monthly or daily flow records) for making e‐flow 
recommenda#ons for maintaining river health at 
designated level 

•  Hydraulic ra#ng ‐ use changes in simple hydraulic variables 
(e.g. weped perimeter) across single river cross‐sec#on as 
surrogate for habitat factors limi#ng to target biota 

•  Habitat simula#on ‐ Assess e‐flows on basis of modeling of 
quan#ty and suitability of physical habitat available to 
target species under different flow regimes (integrated 
hydrological, hydraulic and biological response data) 

•  Holis#c – iden#fy important flow events for all major 
components of river, model rela#onships between flow and 
ecological, geomorphological and social responses, and use 
in interdisciplinary team approach to establish 
recommended e‐flow regime/implica#ons of flow scenarios 
(bopom‐up or top‐down) 



Choosing the right method 

Resources available 

Level 3: Holis#c; field 
studies and modeling 

Level 2: Holis#c; 
expert‐panel driven 

Level 1:  
Hydrologic analysis 

Level 4: Adap#ve 
refinement 

Limited 

Moderate 

Extensive 



Copy from: Methods and tools for defining Environmental Flows by Glauco 
Kimura de Freitas, The Nature Conservancy  
GEF IW:LEARN Regional Workshop on Applica#on of Environmental Flows in 
River Basin Management, February, 11‐15, 2008 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Methods and 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Environmental Flows 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GEF IW:LEARN 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Workshop on Applica#on of Environmental Flows in 
River Basin Management, February, 11‐15, 2008 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from: Methods and 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Environmental 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GEF 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in 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February, 11‐15, 2008 



Copy 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Flows by Glauco 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Copy from: Methods and tools for defining Environmental Flows by 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de 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Nature 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GEF IW:LEARN 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Workshop 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of Environmental Flows in 
River Basin Management, February, 11‐15, 2008 



Study on Environmental Flows in Malaysia 

•  The actual e‐flow requirement in river basin 
management has not been considered yet, probably 
because lack of knowlwdge. 

• Only compensa#on flow, maintenance flow, low flow 
concepts are used. 

• As e‐flow is ofen site specific, the minimum flow 
requirements are normally determined from its 
average natural flows for management purposes 
(hydrological methods) 

• Used a rule‐of‐thumb of 10% Average Annual Flow 
(AAF) as the minimum flow required for planning 
purposes 



Study on E‐Flows in Malaysia 

Case Study 1: Study on Integrated River Basin Management 
for  Sungai Langat (2005): 
• Proposed a nominal amount equivalent to 20% of the 
es#mated mean daily flow to be maintained in the river as e‐
flow base on Tennant Method (Hydrological Index Method).  
• The method states that 40% of the Average Annual Flow 
(AAF) of a river is an ‘outstanding’ minimum flow and 20% of 
the AAF is a ‘sa#sfactory’ minimum flow.  
• The analysis carried out in the Study with 22 years of flow 
data at Kajang gauging sta#on stated that Average Daily Flow 
at the sta#on is 7.5 m3/s. As such, the outstanding and 
sa#sfactory minimum flow for Sg. Langat at Kajang is 3.0 m3/
s (40%) and 1.5 m3/s (20%) respec#vely.  

The AAF of ungauged catchments in Peninsular Malaysia may 
be es#mated from Water Resources Publica#on No.12 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Case Study II: Comprehensive Management Plan 
of Muda River Basin (JICA, 1995): 
• The e‐flows were regarded as river maintaining 
flow es#mated based on percentages of low 
flows for four key components   

Ö Necessary discharge to maintain the appropriate 
river water quality; 

Ö Necessary discharge to conserve natural low flow 
regime; 

Ö Necessary discharge to conserve river ecology; and 
Ö Necessary discharge to maintain river scenery. 



Study on Environmental Flows in Malaysia 
Case Study II: Comprehensive Management Plan of Muda River 
Basin (JICA, 1995) con#nue ……: 
a)  Discharge Necessary to Maintain an Acceptable Water Quality.   
• The target is to upgrade or maintain at least the water quality standard of 
Class II for all rivers. Class II water will only necessitate conven#onal treatment 
if abstracted for water supplies while Class III waters would require extensive 
treatment. 
•  The river flow discharge was es#mated by the following formula assuming 
that the discharge needs to dilute the BOD concentra#on to less than 6 mg/l, 
which is the allowable level for use of treated drinking water. 
  

    Qm = 1000 x PL/BOD(R) 
  
    Where, 

    Qm  :  Necessary river maintenance discharge (m3/s) 
    PL  :  Gross weight of pollu#on loads generated at           pollutant sources (mg/s) 
    BOD(R)  :  Required BOD concentra#on (assumed as 6 mg/l) 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Case Study II: Comprehensive Management Plan of Muda 
River Basin (JICA, 1995) con#nue ….: 
b)  Discharge Necessary to Conserve Natural Low Flows.  
  
• Natural low flows are defined as the naturally occurring low flows due 
to prolonged periods without rain and that the ouxlow of water is from 
base flow and subsurface storage in the basins.  
• The 1‐day and 7‐day low flows are reflec#ve of natural low flow 
regimes and their return periods indicate water availability in the river 
system during low flow episodes.  
• The 7‐day low flow with a return interval of once in every 25 years is 
adopted as the minimum discharge assumed necessary to conserve the 
natural low flow regimes, river aqua#c ecosystems and streambank 
stability.  
• The 50‐year return interval flow is not taken into considera#on since 
the effects of such low flows on the aqua#c life forms would have been 
quite dras#c, and many aqua#c and riparian species may not be able to 
survive such prolonged droughts and low flows. 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Case Study II: Comprehensive Management Plan of 
Muda River Basin (JICA, 1995) con#nue …..: 
c)  Discharge Necessary to Conserve River Ecology.  
  
• Certain stretches along rivers are ac#ve breeding loca#ons for fish and 
other aqua#c life, which are also sensi#ve to ecological altera#ons. The 
survival of these sensi#ve areas depends on the depth, volume and the 
quality of water in the river systems. Fish survival in natural rivers 
depends on certain limits of minimum water depth and velocity for 
breeding and swimming. There must also be sufficient water available 
for dilu#on so that the fish can survive in areas with high BOD loading 
in the water. 
• Advocated a minimum depth of 30 cm to 50 cm for fishes in Sg. Muda. 
In the absence of ra#ng curves to derive the rela#onship between 
volumetric flow rates with depth, a minimum discharge for Class II 
waters could be adopted as the minimum requirements for fish and 
aquaculture. 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Case Study II: Comprehensive Management Plan of 
Muda River Basin (JICA, 1995) con#nue …………: 
d)  Discharge Necessary to Maintain River Scenery.  
• The scenic quality of river depends, amongst other, on water 
quality, flow characteris#cs, riparian and stream bank 
vegeta#on. Places with waterfalls and cascades with rock 
boulders and sand banks could be converted to tourist 
aprac#on sites.  
• With reference to the environmental guidelines in Japan, it 
was assume that about 20% of the river channel has to be 
constantly covered with water to maintain a desirable river 
scenery. The constant discharges is given in the study main 
report. 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Case Study III: The following are taken from Part of 
Sec#on 6.4: Surface Hydrology from the Execu#ve 
Summary, Volume 1 of the Report (2008), “The 
Detailed Environmental Impact Assessment For Hulu 
Terengganu Hydroelectric Project, Tenaga Na#onal 
Berhad” which is a mul#million dollar dam project:  
• The minimum flow analysis was performed to determine the 
magnitude and frequency of low flow for the proposed project 
site.  
• Analysis of minimum flow was determined based on three 
methods: 1) Mean Annual Minimum Flow (MAM), is 4,520 m3/
s for Sg. Terengganu Ma# and 0.976 m3/s for Sg. Tembat. 2) 
10% of the average annual flow; 4 m3/s for Sg. Terengganu Ma# 
and 0.55 m3/s for Sg. Tempat and 3) Based on the SMEC 
Engineering study, minimum daily flow was 3.3 m3/s (Sg. 
Terengganu Ma#) and 0.80 m3/s for Sg. Tembat.  



Study on Environmental Flows in Malaysia 

Case Study III: con#nue …….  
• During reservoir filling and dam opera#on, the river 
stretches downstream of the dam (Sg. Tembat‐4.14km and 
Sg. Terengganu Ma#‐4.82km) will be dried up if no water 
is released during reservoir filling. The river ecology will be 
completely destroyed. To mi#gate the impact a minimum 
flow of 1.0 m3/s for Sg. Terengganu Ma# and 0.5 m3/s for 
Sg. Tembat is recommended. 

We can see that on the minimum flow values to sustain the river ecology, 
biodiversity and ecosystem based on certain design discharge as men#oned in 
the report is not good enough. Sand bars could s#ll be form as already 
experience for reservoir/dam project in Malaysia. This will hinder flow, 
obstruct the sediment transport, river become shallow and reduces the river 
carrying capacity. 



Conclusions 

•  E‐flows: managing flow to meet the needs of both people 
and nature through integra#on of knowledge across 
numerous disciplines as law, policy, economics and ecology. 

•  E‐flow: not a simple minimum flow for a river, but a means 
of integra#ng mul#ple needs into alloca#on and flow 
decisions for rivers, and is thus an important tool for 
sustainable development. 

•  Need to carry out river restora#on programs, rivers back to 
nature using making space for water approaches thus e‐
flows may be obtain naturally. 

•  Nowadays as technology advances, the whole spectrum of e‐
flow should be considered as ‘ecosystem flow’ incorpora#ng 
low flow, high river flow and above bankfull flow for 
different river ecological role rather than just concentrate 
on compensa#on flow , maintenance flow or low flow. 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