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1 Background and introduction 

1.1 Background to this study 

A key objective of the Water Law of the Lao People's Democratic Republic (PDR) is to provide a 
framework and a mandate for an inter-sectoral, integrated approach to management of the shared 
water resources. This includes a requirement for integrated river basin management, with the Ministry 
of Natural Resources & Environment (MONRE) entrusted with leading and facilitating reform in how 
water resources are used and managed and the development of river basin management plans for 
every river basin within Lao PDR. 

To fulfil this mandate, MONRE is developing seven water decrees, including a national strategy for 
water resource management (hereafter the “National Water Strategy”). The Government of Australia 
and the Australian Water Partnership (AWP) is supporting the Dept. of Water Resources (DWR) to 
finalise the National Water Strategy. As part of the workplan for scoping Australian support, a rapid 
ecohydrology assessment has been identified as a priority.  

The purpose of the ecohydrology assessment is to characterise interactions between water and 
ecosystems (viz. ecohydrology) of the Mekong and tributary catchments in Lao PDR to inform the 
National Water Strategy and future basin planning efforts. The report is not a comprehensive 
assessment of ecohydrology; rather a rapid synthesis and integration of the information already 
available bolstered by additional geo-spatial analysis. 

 Scope and structure of the assessment 

This ecohydrological assessment begins with a review of key principles and existing knowledge of the 
Mekong tributary system in Lao PDR with a focus on freshwater ecological assets, ecological 
processes, ecosystem values, and their critical links to flow.  We then evaluate ecological risks 
associated with hydrologic alteration, river impoundment, fragmentation and other threats to 
ecological integrity. This is followed by an assessment of ecohydrological considerations for 
development of the National Water Resources Strategy and the River Basin Management planning 
process. This includes: i) defining goals, ii) setting strategic management objectives and targets, and 
iii) identifying management options to mitigate ecohydrological risks and enhance societal benefits of 
water resource development. We conclude by summarising key findings and outlining limitations, 
critical knowledge gaps, and future priorities. 
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2 Ecohydrology of river basins in Lao PDR – Review of key 
principles and existing knowledge 

2.1 River basins of Lao PDR 

The Dept. of Water Resources (DWR) recognises 62 river catchments in Lao PDR (Figure 1). These 
catchments were grouped together by Ketelson et al (2018) into zones for reporting purposes. In order 
to define the zones, the following criteria were used: 

i. The Mekong River mainstream is treated as a separate set of zones, reflecting the 
international nature of the mainstream and the differing management processes it is under. 

ii. All small catchments, whether classified or unclassified, that border the Mekong mainstream 
have been grouped with the mainstream reporting zones. 

iii. The Sekong (RB2) catchment (2nd largest) is identified as a zone in its own right, due to the 
transboundary nature of this catchment, which drains directly to Cambodia before entering 
the Mekong River at Strung Treng. 

iv. The headwaters of the Red River (RB12, 31, 52, 40, 41) which drain east to Viet Nam are 
also identified as a separate reporting zone, reflecting that these areas are part of an entirely 
different river basin. 

v. The reporting zones use the north, central, south zoning typically utilized in Lao masterplans, 
further dividing each of these to reflect varying climate regions and levels of development.  

The resulting eight tributary catchment zones and four Mekong mainstream zones are shown in 
Figure 1 and Table 1 

 

Figure 1. Twelve catchment reporting zones in Lao PDR, comprising four Mekong mainstream zones and 
eight tributary catchment zones. Inset map shows the 62 river catchments recognised by the Lao PDR 
Dept. of Water Resources (DWR).   
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Table 1. Summary description of the catchment reporting zones 

ID Zone Description River catchments included Area 
(Km2) 

N1 Northern Most northerly reporting zone, bordering china and 
Viet Nam.The zone spans the montane temperate 
climate zone in the highlands and tropical wet & dry 
climate in the low lands and is dominated by the 
large left-bank tributaties of Nam Ou and Nam Khan. 

• Nam Ou (RB1) 
• Nam Khan (RB8) 
• Nam Xeuang (RB11) 

38,675 

N2 North-
western 

Left-Bank tributaries of the Mekong in the northern 
border region with China and spanning a tropical wet 
and dry climate. 

• Nam Tha (RB7) 
• Nam Pho (16) 
• Nam Beng (RB20) 
• Nam Ngum Xayya (RB24) 
• Nam Ngam (RB28) 

18,272 

N3 Western Short tributaries along the western Lao-Thai border. • Nam Huong (RB15) 
• Nam Phuon (RB21) 
• Nam Poui (RB 25) 
• Nam Heuang (RB22) 
• Nam Sang (RB 30) 
• Nam Mi (RB 33) 

10,733 

N4 North-
eastern 

Non-Mekong headwaters of the Red River that drain 
westward into Viet Nam. 

• Nam Neung (RB 10) 
• Nam ma (RB 12) 
• Nam Xam (RB 14) 
• Nam Mo (RB 18) 
• Nam Lam (RB 31) 
• Nam Niam RB 41) 
• Nam Sim (RB 52) 

22,724 

C1 Central Nam Ngum and surrounding left-bank river basins 
that drain south into the Mekong in the vicinity of 
Vientiane. 

• Nam Ngum (RB 4) 
• Nam Ngiep (RB 13) 
• Nam Xan (RB 19) 
• Nam Mang (RB 23) 

25,590 

C2 Central 
Annamites 

Left-bank tributaries that drain the northern 
Annamite mountains between Pakxan and 
Savannakhet. 

• Nam Theun – Nam Kading 
(RB5) 

• Xe Bang Fai (RB 6) 
• Nam Hinboun (RB 17) 

27,816 

S1 Southern 
Annamites 

Left-bank tributaries of the southern Annamites that 
drain upstream of Pakse. 

• Xe Bang Hien (RB3) 
• Xe Don (RB 9) 
• Xe Bang Nouan (RB29) 

27,850 

S2 Se Kong Headwaters of the Se Kong River basin. • Se Kong (RB 2) 22,593 
MK1 Upstream 

Luang 
Prabang 

Geology dominated by the Wang Chao fault zone, 
with a fall of ~300m over ~1,000km river stretch.  
The river channel is incised with significant meander 
in planform due to bed rock outcropping. 

• Nam Youan (RB38) 
• Houay Xing (RB 49) 
• Nam Keung (RB 50) 

9,734 

MK2 Luang 
Prabang – 
Vientiane 

Silt terraces up to 25m and sand bars 5-10m above 
lowest bed level were common under natural regime, 
with sand bars typically abutting terraces and shifting 
position seasonally. Apart from confluences with 
larger tributaries there is limited lateral exchange 
due to the incised nature of the channel. 

• Nam Sang (RB 30) 
• Nam Lay (RB 39) 
• Nam Met (RB 56) 
• Nam Hang (RB 58) 

9,450 

MK3 Vientiane – 
Pakse 

Straight alluvial reach of the Mekong river ~ 600km 
long with a fall of ~100-200m. In this section the river 
widens significantly and there are substantial 
deposits of sand are stored in the bed and banks of 
the channel and tributary confluences form large 
alluvial floodplains. In channel islands and sand bars 
are a frequent, dynamic feature of the dry season 
channel. 

• Nam Mang (RB23) 
• Nam Thon (RB35) 
• Nam Phaling (RB45) 

9,059 

MK4 Downstream 
Pakse 

~ 200km section of river with negligible fall. This 
section is dominated by a wide channel that spreads 
out into the Siphandone wetlands immediately 
upstream of the khone falls.  

• Houay Khammouan (RB26) 
• Xe Lamphao (RB 27) 
• Houay Bang Lieng (RB 44) 
• Houay Kadian (RB 60) 
• Houay Laok (RB 62) 

7,704 
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 Hydrologic regimes: key features and ecological importance 

The flow regime is regarded as the key driver of river and floodplain wetland ecosystems (Poff et al., 
1997; Bunn and Arthington, 2002). High flows interact with the surrounding landform and geology to 
shape the channel form (e.g., width and depth, pools and riffles) and to disturb the substrate of the 
river bed and banks. This creates a high level of physical habitat complexity which, in turn, is known to 
be a major determinant of aquatic biodiversity (Figure 2; Principle 1). Many features of the flow regime 
influence life history patterns of aquatic and riparian species – not only the seasonality and 
predictability of the overall pattern, but also the timing of particular flow events (Figure 2; Principle 2).  

For example, the hydrological regime of large tropical rivers like the Mekong River, often results in the 
regular seasonal inundation of vast expanses of adjoining floodplain.  With the commencement of the 
wet season, river flows usually exceed bankfull stage and water moves laterally and longitudinally 
over the floodplain.  This represents a time during which there may be significant exchange of 
nutrients and organic matter associated with the ‘flood pulse’, as well as movements of aquatic biota 
between floodplain habitats and the river channel proper (Junk et al. 1989).  The lateral expansion of 
this temporary aquatic habitat ensures the provision of important spawning, nursery and foraging 
areas for fish (Welcomme 1979, Goulding 1980, Lowe-McConnell 1985, Junk et al. 1989, Ward 1989) 
and a variety of waterfowl (Maher 1984) which exploit the abundant food supplies on the floodplain.  
These are made available by increased primary and secondary production resulting from the 
dissolution of organic nutrients associated with floodplain inundation (Goulding 1980, Lowe-McConnell 
1985, Boulton & Lloyd 1992).  Towards the end of the wet season, many fish migrate to deep pools in 
the mainstream of the Mekong where they take refuge during the dry season.  

The long-term viability of populations of many riverine species also depends on the natural patterns of 
connectivity along the channel network and, in some migratory species, to the sea (longitudinal 
connectivity). Populations of many riverine species are also sustained by the massive subsidy of 
resources available during periods of floodplain inundation and connection of associated lowland 
wetlands. Larger flow events trigger and facilitate longitudinal dispersal of migratory aquatic species 
and allow access to otherwise disconnected floodplain and wetland habitats (Figure 2; Principle 3). 

 

Figure 2. Three of the guiding principles on the influence of flow regimes on aquatic biodiversity (Bunn 
and Arthington 2002) 
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This simple conceptual view of a hydrograph and its influence on aquatic biodiversity and key 
ecological processes (Figure 2) understates the complexity of intra- and inter-annual variation in 
hydrology (see Figure 3). Critical components of the natural flow regime include the magnitude and 
seasonal pattern of flows; the frequency, predictability, and duration of floods, droughts, and 
intermittent flows; daily, seasonal, and annual flow variability; and rates of change in flow events. 
Spatial variation in these hydrologic characteristics is determined by variations in climate and 
mediated by catchment geology, topography and vegetation. These factors interact at multiple spatial 
and temporal scales to influence connectivity, physical habitat for aquatic and riparian biota, the 
availability of refuges, the distribution of food resources, opportunities for movement and migration, 
and conditions suitable for reproduction and recruitment.  The maintenance of these key components 
of the natural flow regime is critical to protecting and maintaining freshwater biodiversity, natural 
ecological processes, and the essential goods and services provided by aquatic ecosystems (Bunn 
and Arthington 2002). 

 

 

Figure 3. Components of flow variability may be characterized over various temporal scales including the 
long-term flow regime, the short-term history of flow events, and individual flow pulses. Figure modified 
from Olden et al. (2012) using daily discharge data from the Mekong River at Stungtreng gauge.  

 

 Freshwater ecological assets, ecological processes, ecosystem values, and 
critical links to flow 

An important first step in any ecohydrological assessment is to identify the important environmental 
assets and values that need to be considered. These include essential goods and services, such as 
fisheries production, but also specific conservation and biodiversity objectives. Based on our review of 
available information and in the absence of specific flow-ecology information on key species, we have 
focussed this assessment on the following: 

Five groups of ‘biodiversity’ assets: 
• Migratory species  
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• Rare, endemic and threatened species 
• Critical habitats to sustain key biological and ecological processes 
• Protected areas 

One provisioning ecosystem service: 
• Fisheries production 

And ecological processes that underpin the above assets and values: 
• Floodplain primary productivity 
• Longitudinal and lateral connectivity 

 

2.3.1 Migratory species 

The life cycles of some important riverine species involve extensive migrations through the channel 
network. These species include catadromous species (hat inhabit freshwater regions as adults but 
need to return to the ocean to reproduce; anadromous species that spend their adult life at sea but 
return to freshwaters to spawn and spend their juvenile life stages; and potamodromous species (e.g., 
migratory carps) (Hortle, 2009a) that can make long migratory movements within the freshwater 
system to reproduce. Many undergo these longitudinal movements in response to flow-driven cues. 
Upstream migrations can be particularly challenging, and many species require specific (and 
predictable) hydrologic conditions to move against the current or to locate spawning beds with the 
requisite hydraulic conditions. 

Many migratory species are of importance from a fisheries perspective (Hortle, 2009a) or have high 
conservation significance (Dudgeon, 2011). Large migratory macroinvertebrates, such as shrimps and 
crabs, are also an important component of the biota of many tropical streams and rivers because of 
their direct influence on ecosystem level processes (e.g., primary production, organic matter 
processing (Pringle et al., 1993; Moulton et al., 2004). There are 135 migratory fish species in the 
Mekong River, many of which are important to the fishery or have conservation significance (Baran, 
2006). Similarly, many species of commercial and subsistence importance in the Mekong are 
migratory.  Mynell et al (2012a) modelled spatial variation in numbers of migratory fish species for 
lower Mekong River sub-catchments. Within Lao PDR), the highest numbers of migratory fish species 
were predicted to occur in sub-catchments of northern and southern Lao PDR within zones N1, C1, 
C2, S1 and S2 (Figure 4). Rivers and streams within these sub-catchments represent both migratory 
origins and destinations for migratory fish species (Mynell et al 2012a). 
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Figure 4. Spatial variation in predicted number of migratory fish species and floodplain (blackfish) 
species, respectively, in sub-catchments of Lao PDR. Data sourced from Mynell et al (2012a). 

 

Three main fish migration systems associated with the lower Mekong River mainstream have been 
identified (Poulson et al 2002, Sverdrup-Jensen 2002, Figure 5, Table 2). In general, the migration 
patterns are determined by the spatial separation between dry season refuge habitats and flood 
season feeding and rearing habitats within each system (Poulson et al 2002).  Hortle and So Nam 
(2017) summarised the ecology of these migration systems as follows:  

• The Lower Mekong Migration System extends along the mainstream from the delta to Khone 
Falls in southern Lao PDR and includes the Tonle Sap and the lower reaches of Mekong 
tributaries in Cambodia.  

• The Middle Mekong Migration System is partly separated from the lower system by Khone 
Falls, a natural barrier. Within the middle system, fish typically reside in deep pools in the 
mainstream during the dry season and migrate upstream to either spawn in the Mekong, 
tributaries or on floodplains at the start of the wet season. Fish move off floodplains as water 
levels fall and return back downstream to their dry season refuges in the Mekong.  

• The Upper Mekong Migration System encompasses the upland Mekong, from about the Loei 
River confluence upstream to and probably extending into China, and is separated from the 
middle system by long reaches of shallow sandy habitat near Vientiane. This upland reach of 
the Mekong is confined within a steep valley and lacks large floodplains, which are also 
relatively limited in extent along tributaries, so fish primarily migrate upstream within the main 
channel in the late dry season or early wet season, followed by spawning and downstream 
drift of larvae, with later return downstream migration of adults. 
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Figure 5. The main migration ‘systems’ of freshwater fishes of the Mekong mainstream in the LMB. 
Source: Source: Hortle and So Nam (2017), based on Poulsen et al. (2002). 
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Table 2. Key ecological attributes for migratory species based on the three major migration systems of 
the Mekong mainstream (adapted from Poulson et al 2002). 

Ecological 
attribute 

The Lower Mekong Migration 
System (LMS). 

The Middle Mekong 
Migration System (MMS) 

The Upper Mekong 
Migration System (UMS) 

Dry 
season 
refuge 
habitats 

Deep pools in the Kratie-Stung Treng 
stretch of the Mekong mainstream. 
These habitats are extremely 
important for recruitment for the entire 
lower Mekong Basin, including 
floodplains in southern Cambodia 
(including the Tonle Sap/ Great Lake 
System) and the Mekong Delta in Viet 
Nam. 

Deep pool stretches of the 
Mekong mainstream and 
within major tributaries. Of 
particular importance is the 
stretch from the Khone 
Falls to 
Kammouan/Nakhon 
Phanom. Deep pools 
immediately downstream 
from the Khone Falls also 
are important for this 
migration system (thereby 
linking the MMS and the 
LMS) 

Occur throughout the 
extent of the UMS, but are 
most common in the 
downstream stretch from 
the mouth of the Loei River 
to Louang Prabang. 

Flood 
season 
feeding 
and 
rearing 
habitats 

Floodplains in the Mekong Delta in 
Viet Nam, in southern Cambodia, and 
in the Tonle Sap system. These 
habitats support the major part of 
Mekong fisheries. 

Floodplains of this system 
are mainly associated with 
tributaries (e.g. the 
Mun/Chi system, 
Songkhram River, Xe 
Bang Fai River, Hinboun 
River). 

The UMS occurs within a 
section of the Mekong, 
which is dominated by 
mountainous rivers with 
limited floodplain habitats. 
Floodplain habitats 
therefore play a less 
important role, compared 
to MMS and LMS. 
However, even the limited 
areas of available 
floodplains can important 
for fisheries production 

Spawning 
habitats 

Rapids and deep pool systems in the 
Kratie – Khone Falls, and in the Sesan 
catchment. Floodplain habitats in the 
south (e.g. flooded forests associated 
with the Great Lake). 

Rapids and deep pool 
systems in the Mekong 
mainstream (particularly 
along the stretch from the 
Khone Falls to 
Khammouan/Nakhon 
Phanom). Floodplain 
habitats associated with 
tributaries. 

Spawning habitats occur 
mainly in the upper 
stretches of the system. 
They are mainly situated in 
stretches with alternating 
rapids and deep pools. 

Migration 
routes 

The Mekong River from Kratie – Stung 
Treng to southern Cambodia and the 
Mekong Delta in Viet Nam.  
Between the Mekong River and the 
Tonle Sap River (longitudinal 
connectivity). 
Between floodplain habitats and river 
channels (lateral connectivity). 
Between the Mekong mainstream and 
the Sesan sub- catchment (including 
Sekong and Srepok Rivers). 

Longitudinal connections 
between the Mekong River 
(dry season habitats) and 
major tributaries (flood 
season habitats). 
Lateral connections 
providing access to 
floodplain habitats from 
main river channels. 

Migration corridors 
between downstream dry 
season refuge habitats 
and upstream spawning 
habitats  

Hydrology The annual flood pattern responsible 
for the inundation of large areas of 
southern Cambodia (including the 
Tonle Sap system) and the Mekong 
Delta is essential for fisheries 
productivity of the system (see above). 

The annual floods that 
inundate floodplain areas 
along major tributaries. 

The annual flood pattern 
that triggers fish migrations 
and causes inundation of 
floodplains. 
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2.3.2 Rare, endemic and threatened species 

Many freshwater species have specialized habitat requirements, restricted distributions, and often 
small population sizes, making them vulnerable to localized disturbance.  These species often occur 
in tributaries containing unique habitats. These habitats include smaller forest streams and rivers (in 
higher altitudes), waterfalls, rapids and in caves in limestone karstic environments.  

At least 850 fish species are thought to occur in the lower Mekong River basin (Hortle 2009b, Mynell 
2012b), of which 167 species are endemic to the basin (Mynell 2012b). Among the > 340 fish species 
recorded in Lao PDR (FAO 2006), the highest number of species were predicted to occur (Mynell 
2012a) in sub-catchments of central and southern Lao PDR (within reporting zones C1, C2, S1 and 
S2; Figure 6).  High numbers of endemic fish species are also concentrated in these zones, as well as 
in zones MK1, N1 and N2 (Figure 6). 

A recent assessment (Mynell 2012b) listed 110 endangered fish species occurring in the four Lower 
Mekong countries. These species are included in the top three endangered categories of the 
International Union for Conservation of Nature (IUCN) red list of threatened species and comprise 21 
Critically Endangered, 29 Endangered and 60 Vulnerable species.  In Lao PDR, the highest number of 
endangered fish species was predicted to occur (Mynell et al 2012a) in sub-catchments of southern 
Lao PDR (within reporting zones S2), although sub-catchments within zones N1, C1 and S2 also have 
a relatively high representation of endangered species (Figure 6).   

 

 
Figure 6. Spatial variation in predicted number of all fish species, endemic fish species and endangered 
fish species, respectively, in sub-catchments of Lao PDR Lao PDR. Data sourced from Mynell et al 
(2012a). 

 

2.3.3 Critical habitats to sustain key biological and ecological processes 

Floodplain wetlands 

Many species of river fish, crustaceans, and other biota move into seasonally connected floodplain 
wetlands during the flood season (Pettit et al., 2017). These represent important nursery habitats and 
places of high production of food resources (Davies et al., 2008; Ward et al., 2016). Wetlands also 
provide important feeding and breeding habitat for waterbirds. The biodiversity contained in wetlands, 
including those modified for rice and other crops, also contributes major socio-economic benefits 
(Chape 2002). Extensive wetlands occur along the floodplains of central and southern Lao PDR 
(Figure 7). These areas coincide with relatively high numbers of floodplain-dependent fish species 
(also known as blackfish), in reporting zones C2, S1 and S2 (Figure 4) 



 

 

13 RAPID ASSESSMENT OF THE ECOHYDROLOGY OF THE RIVER BASINS IN LAO PDR: 
TECHNICAL INPUT FOR THE NATIONAL WATER RESOURCES MANAGEMENT STRATEGY 

  

 
Figure 7. Spatial distribution of wetlands, protected areas and Key Biodiversity Areas in Lao PDR. 

 

Rivers and streams 

During the dry season, many aquatic species are confined to the river channels. Natural deep-water 
pools are important to the ecology of many fishes in the Mekong River basin, particularly along the 
main stem of larger river channels (Halls et al 2013).  Deep water pools in rivers of Lao PDR provide 
critical dry season refuges for many fish species and spawning habitat for some species (Baran et al 
2005, Baird 2006).  Mekong River dolphins (Orcaella brevirostris) are known to prefer areas of slow 
moving water and, during the dry season, reside in deep pools >8 to 10 metres (m), which provide 
critical shelter from swift river currents and support high prey fish populations (Beasley, 2007; Smith 
and Reeves, 2012). These deep channel pools are maintained by regular scouring flows during the 
wet season, preventing a build-up of fine sediment and sufficient base-flows are required during the 
dry season to sustain water depth and maintain water quality.   

Stable base flows also provide aquatic biota with access to fringing riparian vegetation and 
submerged logs along the river banks, which provide important habitat and food resources. Shallow, 
fast-flowing riffle areas are also important in smaller rivers and streams as sites of high primary and 
secondary production. These productive areas can be drowned out during high flow periods and, in 
turbid systems, remain below the photic zone. During extreme low flows, productive riffle areas can be 
greatly reduced in surface area, and their role, as a productive habitat for consumers downstream and 
in re-aerating water, is greatly diminished. 

 

2.3.4 Protected areas 

Protected areas in Lao PDFR are spatially extensive relative to other countries, covering ~19% of total 
land area (Figure 7).  The majority of these are termed “National Biodiversity Conservation Areas” 
(NCBAs) declared to achieve terrestrial biodiversity conservation and most are under some form of 
active management (Clarke 2011).  Key Biodiversity Areas (KBAs) are also spatially extensive in Lao 
PDR and many coincide with the NCBAs (Figure 7).  KBAs are defined under an international agreed 
set of criteria, initially developed for birds but now expanded to include all species (IUCN, 2016) and 
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KBA’s in Lao PDR also encompass extensive areas along the Mekong River mainstream and major 
tributary rivers.  

Lao PDR also features aquatic protected areas termed “fish sanctuaries” or “fish conservation zones” 
which are common throughout Lao PDR (> 1000 fish conservation zones have been established 
within Lao PDR; Ounboundisane et al. 2015).  Fish conservation zones are usually established in 
deep-water pools, which serve as important dry season refuges for fish (Baird 2006) and can benefit 
fish stocks, especially relatively sedentary species, but also highly migratory ones. Fish conservation 
zones generally require the restriction of some or all fishing activities, either year-round or seasonally, 
and encompass particular geographical areas defined by communities and various levels of 
governments. Successful implementation and management of a fish conservation zone in a particular 
area is dependent on local community support.  The best-known conservation zones in Lao PDR 
occur in the Mekong River mainstream in Khong district (Champasak province) in southern part of the 
country. 

 

2.3.5 Fisheries production 

Fish comprise the major source of animal protein for communities in Lao PDR (FAO 2006, Hortle 
2009a), representing a substantial provisioning ecosystem service sustained by freshwater flows. The 
relationship between large flood flows and fisheries production is well established for shrimp (e.g., 
Loneragan and Bunn, 1999) and fish species of commercial and recreational significance (e.g., 
Robins et al., 2006). Similarly, there is strong evidence of substantial subsidies from tropical river 
floodplains and wetlands to riverine food webs associated with the flood pulse (e.g. Hortle, 2009a; 
Pettit et al., 2017). Lao PDR also has a relatively well-developed aquaculture sector (FAO 2006, 
2016) including through rice-fish culture; pond culture; rain-fed and irrigated rice fields; and cage 
culture. 

Accurate estimates of fishery production are very difficult to obtain (Campbell and Barlow 2017). In 
Lao PDR, a nationwide expenditure and consumption survey estimated the total yield for inland 
capture fisheries yield in the year 2000 as 168,000 tons (Hortle, 2007) and estimates based on 
wetland area assessments indicate that the capture fishery yield may be as high as 246,000 tons/year 
(Hortle & Bamrungrach, 2015).  

Mynell et al (2012a) derived estimates of fisheries productivity for lower Mekong River sub-
catchments (including Lao PDR) using average consumption figures for different Mekong Basin 
countries and published fish production estimates (Hortle 2007). Estimates of fisheries productivity by 
Mynell et al (2012a) included fisheries total yield (consumption of populations living within 5 km the 
river network) and fisheries potential yield (production of resident fish and excluding migratory fish).  
Although the estimates of fish production of these two methods are very different (as they are based 
on different input datasets), they do allow for relative comparisons of sub-catchments with potentially 
high fisheries consumption and fisheries productivity.  Fisheries total yield (fish consumption by 
people living within 5 km the river network) was highest in sub-catchments within reporting zones C1 
and S1 (Figure 8).  Fisheries potential yield (production of resident fish and excluding migratory fish) 
was relatively high in several tributary catchment in the north (zone N1), central (zone C1 and C2) and 
southern (zones S1 and S2) parts of Lao PDR (Figure 8).  Both measures of fisheries yield were 
relatively low in Mekong mainstream reporting zones.  
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Figure 8. Estimates of fisheries productivity in sub-catchments of Lao PDR including fisheries total yield 
(fish consumption by people living within 5 km the river network) and fisheries potential yield (production 
of resident fish and excluding migratory fish). Data sourced from Mynell et al (2012a). Note that estimates 
based on consumption people will tend to bias those sub-catchments with high population density and 
neither estimate of fisheries productivity is scaled by sub-catchment area. 

 

2.3.6 Floodplain primary productivity 

River floodplains and associated wetlands sustain high levels of primary production compared to the 
main channels, even though they may be inundated on a seasonal basis (Davies et al., 2008). 
Variation in annual flood magnitude, combined with local topography, determines the area and 
duration of inundation, which, in turn, are key factors influencing annual primary production. Riparian 
forest production is also related to flood rhythmicity in tropical rivers with ‘rhythmic’ systems (like the 
Mekong) supporting elevated production (Jardine et al., 2015).  

Although macrophytes appear to be the major primary producers within floodplains, epiphytic algae 
also can represent a significant component of the total production (Davies et al., 2008; Adame et al., 
2017). The latter are particularly important because of their high quality as a food source for primary 
and secondary consumers. They represent a major source of carbon and essential nutrients for 
freshwater food webs in tropical river systems (Pettit et al., 2017; Brett et al., 2017). Recent studies in 
tropical floodplain rivers have shown that some locations are ‘hotspots’ for algal primary production 
because of a combination of macrophyte habitat structure, light environment, and a pattern of 
floodplain inundation (Ward et al., 2016). 

 

2.3.7 Longitudinal and lateral connectivity 

As noted above, many species of fish, crustaceans, and other aquatic biota move extensively 
throughout river networks and between freshwater and marine ecosystems (Pringle, 2003). Such 
movements are necessary to complete life‐cycles and are vital for maintaining population sizes and 
genetic integrity. Longitudinal and lateral hydrologic connectivity is also critical for transport of 
sediment, nutrients and organic matter.  
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Floods are essential to connect river channels to their floodplains. Many species of fish, crustaceans, 
and other biota move on and off seasonally inundated floodplains (Pettit et al., 2017). Such 
movements are necessary to complete life‐cycles and are vital for maintaining population sizes and 
genetic integrity. The extent and duration of river flooding during the wet season, and rate of rise and 
fall of the flood peak, can determine whether and for how long fish can gain access to nursery habitats 
and food, and whether they will remain trapped in isolated floodplain waterbodies or be released back 
into the river system (Bunn and Arthington, 2002).  
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3 Ecohydrological risks from hydrologic alteration and other 
threats 

3.1 Sources of hydrologic alteration  

The maintenance of the natural flow regime is critical to the integrity of aquatic ecosystems. Changes 
in natural patterns of river flow due to human activities is regarded as one of the most serious and 
ongoing threats to ecological sustainability of rivers and their associated floodplain wetlands in many 
parts of the world (Bunn and Arthington, 2002; Dudgeon et al., 2006; Vörösmarty et al., 2010). Human 
activities that alter natural patterns of river flows include: 

• water resource development (e.g. dams and weirs used for irrigation, hydropower, etc) 

• surface and groundwater extraction for agriculture and human consumption, 

• interbasin transfers of water (e.g. associated with irrigation or hydropower) 

• land use change (i.e. loss of vegetation cover, agriculture, urbanisation, mining, etc) 

• anthropogenic climate change 

Particular attributes of the flow regime are affected in a variety of ways by these different sources 
hydrologic alteration and are briefly summarized below.  

Changes to high flows 

Large dams typically dampen flood peaks, reducing the frequency, extent, and often the duration of 
floodplain inundation. Reduction in the size, number, and duration of floods decreases the area and 
depth of floodplains, the period in which biota may freely move between the main channel and the 
floodplain, and the duration of floodplain waterhole persistence throughout the dry season (Bunn 
and Arthington, 2002). Given the strong positive relationships between wet season flows and 
fisheries production (Loneragan and Bunn, 1999), a reduction in the magnitude and frequency of 
flood events is likely to have a marked impact on this important ecosystem service.  

A reduction in the magnitude and frequency of smaller, channel-forming flows (i.e., those with a 
return frequency of 1:1 to 1:2 years) can result in sediment accumulation in river pools, 
encroachment of riparian vegetation, accumulation of aquatic weeds, and a contraction in river 
channel size and overall habitat for biota. This can also lead to changes in the pattern of channel 
migration, lowering habitat diversification on floodplains and, ultimately, reduce the biological 
diversity and ecological integrity of floodplain rivers (Ward and Stanford, 1995). 

Smaller dams and weirs may not have a great effect on flood dynamics but may be sufficiently large 
to trap smaller flood events particularly those that occur late in the dry season when water levels are 
low. These flow ‘pulses’ may be critical in maintaining water quality and, hence, the survival of biota, 
in pools late in the dry season (Bunn et al., 2006). 

Changes to low flows 

Flow regulation and other anthropogenic disturbances (e.g., land clearing, climate change) can alter 
the ecologically relevant attributes of low-flow hydrology (Rolls et al., 2012). Perennial rivers often 
have permanent baseflows due to significant shallow groundwater inputs during the dry season. 
Reductions in low flow magnitude downstream of dams or from groundwater extraction that reduces 
groundwater contributions to surface flow, can reduce the availability and quality of important flow‐
sensitive habitats, such as shallow, fast‐flowing riffles and refugial pools. Reductions in water depth 
can also affect longitudinal connectivity, as increasingly shallow areas become barriers to migration 
for a range of biota, including turtles, fish, and crustaceans (Rolls et al., 2012).  
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Ecologically important low flows can also be impacted by flow supplementation, when water stored in 
impoundments in the wet season is delivered down the stream channel during the dry season. This 
form of supplementation often occurs in storages delivering water for irrigation, when water is 
released in the dry season when it is most needed by irrigators. However, elevated flows during the 
dry season can also occur downstream of large-storage hydropower dams. Although elevated base 
flows in the dry season may increase longitudinal connectivity and reduce the risk of poor water 
quality in isolated river pools, there are associated negative effects. Elevated flows during the dry 
season may inundate key habitats for biota (e.g., nesting sand banks for turtles or productive littoral 
habitats). 

Changes to timing and variability 

Although temperature regimes influence the life cycles of many stream and river animals, the timing of 
particular flow events is also important (Bunn and Arthington, 2002). The operation of large storages, 
especially for irrigation supply but also hydropower, can lead to the dampening and, in some cases, 
complete reversal of seasonal flow pulses (Young, 2001; Lytle and Poff, 2004). This can disrupt life 
cycles of aquatic species, where reproductive or migration flow cues are linked to seasonal 
differences in temperature and food availability. The operation of some hydropower dams can also 
lead to erratic changes in flow variability, completely masking natural flow cues. Extreme daily 
variations below peaking power hydroelectric dams have no natural analogue in freshwater systems 
(Poff et al., 1997). In addition to stranding of aquatic organisms in floodplain habitats, dam operations 
that lead to rapid draw down of flood events can lead to mass failure of saturated river banks and 
increased erosion. 

 Assessment of hydrologic alteration in Lao PDR 

3.1.1 Quantifying hydrologic alteration 

A simple but quantitative representation of the extent of hydrologic alteration due to water resource 
development is shown for each reporting zone in Lao PDR (Figure 9).  This indicator of overall flow 
regulation is calculated as proportion of mean annual runoff that can be stored by a reservoir or a 
cluster of reservoirs (based on total storage volume) within and upstream of each zone. For zones 
where storage volume data was available, it is evident that zones S2, C2 and C1 have the highest 
degree of potential flow alteration (37%, 27% and 17% of mean annual runoff, respectively) and 
reflect zones with a relatively high number of existing dams (Figure 9). The remaining zones had 
relatively low flow alteration index values (< 1%).   
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Figure 9. Summary measure of overall flow regulation in sub-catchment reporting zones of Lao PDR, 
calculated as the proportion of mean annual runoff that can be stored by reservoirs within the zone. 
Locations of existing dams are also shown. Reporting zones for which reservoir storage data was not 
available are indicated by NA. 

 

Ideally, quantifying the extent of alteration to river flow regimes requires long time series of daily 
discharge data before and after water resource development and extraction activities occur.  This can 
be obtained from stream gauges or from hydrologic models that estimate flow under different 
scenarios (e.g. without development and under current levels of development”.  Unfortunately, such 
hydrologic models were not available for use in this study so we relied on gauged discharge data 
which was available for a relatively small number of mainstream and tributary locations in Lao PDR.  

A range of hydrologic metrics are routinely used to characterize ecologically-relevant components of 
the flow regime of rivers. Collectively, they describe variation in the magnitude, frequency, duration, 
timing, and rates of change of a range of different flows (e.g., high flows, low flows) as well as 
temporal variability in these metrics (Kennard et al., 2010; Olden and Poff, 2003; Bond and Kennard, 
2017). For this report, we focused on a small number of key metrics that describe the key aspects of 
the flow regime based on measures of central tendency, high-flows, low-flows, timing, and variability 
(Table 3). These metrics also describe facets of the flow regime known to be sensitive to hydrologic 
alterations caused by human activities (Richter et al., 1996; Bunn and Arthington, 2002) and are 
potentially amenable to management through ecologically-sensitive dam operations and constraints 
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on abstraction (Mackay et al., 2014). Hydrologic metrics were calculated using the Time Series 
Analysis module of the River Analysis Package1.  

Table 3. Description of hydrologic metrics used to characterise riverine flow regimes in Lao PDR. 

Flow component Metric Method 
Flow volume Mean annual flow Mean total annual flow for entire 

modelled period  
High flows High flow magnitude Flow exceeded on 10% of days (10th 

percentile flow) 
Mean duration of high spells Mean duration of all spells above the 10th 

percentile flow 
Mean annual number of high 
spells 

Mean of annual count of spells above the 
10th percentile flow 

Low flows Low flow magnitude Flow exceeded on 90% of days (90th 
percentile flow) 

Mean duration of low spells Mean duration of all spells below the 90th 
percentile flow 

Mean annual number of low 
spells 

Mean of annual count of spells below the 
90th percentile flow 

Timing and variability Timing of high flow Mean of annual day of year of maximum 
flow (based on Julian date determination 
using circular statistics) 

Variability in timing of high flow Standard deviation/mean of Julian date 
of annual maximum flow 

Timing of low flow Mean of annual day of year of minimum 
flow (based on Julian date determination 
using circular statistics) 

Variability in timing of low flow Standard deviation/mean of Julian date 
of annual minimum flow 

 

Hydrologic characteristics of the mainstream Mekong River  

Long term pattern at Strung Treng gauge 

The Strung Treng gauge is located downstream from Laos with large catchment area of 635,000km2. 
The Strung Treng gauge represents the total flow volume of the Mekong leaving Laos, and as such is 
used as a site to demonstrate total integrated hydrological impact. To allow a comparison through 
time we have calculated key flow metrics for a period pre 1975 and post 1975. The selection of 
comparison periods allows an adequate (15 years) flow record for both the pre and post analysis 
periods across all four gauges (Kennard et al 2010). 

The long term flow record (Figure 10) indicates an increase in base flows and a decrease in flow 
peaks (a constraining of the flow range). By comparing the pre 1975 and post 1975 flows at Strung 
Treng (Appendix 1), we can make some general observations about the flow regime and how it has 
changed: 

• Volume decline: There has been an overall decrease in the annual flow volume. 7% decline 
(MDF13,578m3/s to 12,627m3/s). 

• Baseflow increase: There has been a large increase in the baseflow. There has been a 27% 
increase in the Q90 (flow exceeded 90% of the time) value for the post 1975 period compared 
to the pre 1975 period (Q90 has increased from 1,893m3/s to 2,403 m3/s). 

                                                      

1 www.toolkit.net.au 

http://www.toolkit.net.au/
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• High flow decrease: There has been a decrease in high flows. There has been a 12% decline 
in the Q10 value for the post 1975 period compare to pre 1975 period (Q10 has declined from 
37,058 m3/s to 32,617 m3/s) 

• Overall variability unchanged: The overall variability in daily flows is similar across the two 
time periods (the coefficient of variation-CV- of the daily flows is approximately 1.0 for both 
periods). 

• Dry Season variability increased: The variability in daily flow through the dry season (Dec-
May) has increased by nearly a factor of 3 (pre 1975 CV of dry season flows 0.24, post 1975 
CV of dry season flows 0.67). 

• Seasons are similar: The overall onset date and duration of wet and dry seasons (determined 
by passing the long term mean daily flow) is similar between the pre and post 1975 periods 
(Figure 11, Figure 12). 

 

Figure 10. Long Term flow pattern for Strung Treng (note reduction in peak flow and increase in low flow 
for recent years). 

 

Figure 11. Typical annual season pattern pre 1975. 
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Figure 12. Typical annual season pattern post 1975. 

 

Longitudinal changes along the Mekong River 

We have considered four main stem Mekong river main stem gauges located upstream, within and 
downstream from Laos in order to consider the hydrological alteration both across Laos and through 
time (Table 4).  

Flow volume  

The mean daily flow at Stung Treng is about 5 times that at the upstream site (Chiange Sean). This 
shows a very large contribution (~80%) of overall flow volume of the Mekong River leaving Laos 
originating from within Laos. 

The overall decrease in flow volume (comparing pre 1975 to post 1975) from upsteam of Laos 
(Mekong@Chiange Sean) to downstream of Laos (Mekong@Stung Treng) is similar (8.5%, 7.0%). 
Given that 80% of the flow contribution comes from within Laos, these similar reductions in overall 
flow volume from the upstream to downstream sites indicates that there is a similar level of flow 
alteration within Laos as is occurring upstream from Laos (for the periods considered).  

Low flows  

The Q90 (flow exceeded 90% of the time) has increased at Stung Treng by 27% (pre 1975 to post 
1975). This same increase has not been observed at other main stem Mekong sites indicating that the 
elevated baseflow is occurring within Laos. Specifically the increase in baseflow is occurring due to 
tributary inflow downstream of Vientiene. 

Other flow characteristics 

Comparing the other flow metrics from the pre 1975 to post 1975 period (Table??) typically show a 
decline in the metric change across Laos. This indicates that hydrological alteration from upstream of 
Laos is being dampened by the largely unaltered hydrological regimes (with the exception of elevated 
base flows) of the tributaries within Laos.   

Season analysis 

The start dates of the wet and dry seasons are similar for the pre 1975 and post 1975 period across 
all sites (Figure 13).  



 

 

23 RAPID ASSESSMENT OF THE ECOHYDROLOGY OF THE RIVER BASINS IN LAO PDR: 
TECHNICAL INPUT FOR THE NATIONAL WATER RESOURCES MANAGEMENT STRATEGY 

  

 

Figure 13. Change in Wet and dry season start days for Mekong River. 

 

Season flow variability 

The variability in daily flow within seasons has generally seen an increase in flow variability through 
the dry season (higher flow ranges). The wet season daily flow variability has had minor change 
across all sites (decrease in variability) (Figure 14). 

 

Figure 14. Change in daily flow variability for seasons for main stem Mekong River sites. 

 

Spell analysis 
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A spell analysis based on the long term Q10 (high flow) and the Q90 (low flow) reveals changes in the 
overall magnitude, duration and number of high and low spells (Figure 15). The high flow spell 
analysis reflects the reduction in high flow peaks with lower overall peak high spell magnitudes since 
1975.  

 

Figure 15. Changes in high and low flow spells comparing the pre 1975 and post 1975 period. 

 

Hydrologic alteration due to impoundment 

The Nam Ngum @ BanPakkanhoun gauge site presents a good hydrological record to demonstrate 
the hydrological impact of a major impoundment. The gauge record includes a period prior to dam 
construction (1963~1974) and a period after dam construction 1989-2011) (Figure 16). 

 

Figure 16. Nam Ngum @Ban PakKanhoung (1963-2011) – 14,300km2 – pre and post dam. 
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Overall changes in flow 

Key statistics for hydrological alteration of Nam Ngum @ BanPakkanhoun (Appendix 2) include: 

• 8% reduction in MDF, 
• 2.8 times increase in the 10th percentile (elevated baseflow), 
• 37% reduction in 90th percentile (reduction in high flows), 
• 38% reduction in daily flow variability (Reduction in CV of daily flow), 
• 43% reduction in wet season flow variability (Reduction in CV of daily flow), 
• 11% in dry season flow variability (Reduction in CV of daily flow). 

 

Monthly flow pattern 

The mean daily flow for the dry season has increased dramatically (more than double for most dry 
season months). The mean daily flow for the wet season has reduced dramatically (15-30% reduction) 
(Table 5, Figure 17). 

 

Table 4. Changes to mean daily flow for each month at Nam Ngum @ BanPakKanhoung. 

Month pre dam MDF (M3/s) Post dam MDF (M3/s0 
Change from pre 
dam 

Jan 155 305 97% 
Feb 125 308 146% 
Mar 110 314 186% 
Apr 110 348 216% 
May 173 401 132% 
Jun 707 602 -15% 
Jul 1299 906 -30% 
Aug 1723 1214 -30% 
Sep 1664 1244 -25% 
Oct 640 660 3% 
Nov 344 386 12% 
Dec 203 345 70% 
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Figure 17. Change in monthly flows for Nam Ngum@BanPakKanhoung – increased dry season flows, 
decreased wet season flows. 

 

Spell analysis 

A spell analysis based on the long term Q10 (high flow) and the Q90 (low flow) reveals changes in the 
overall magnitude, duration and number of high and low spells (Figure 18). The high flow spell 
analysis shows that the average magnitude of high flow peaks is considerably lower than prior to the 
dam construction. There are also more short-duration high flow events. In summary high flow events 
are now typically shorter and smaller in magnitude than prior to dam construction. 

 

Figure 18. Changes in high and low flow spells pre- and post-dam. 
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Seasonal analysis 

The onset of the wet and dry seasons (Figure 19) and the duration of those seasons (Figure 20) have 
become very irregular. The definition of the season start and end is flow passing the long term mean 
daily flow. 

 

Figure 19. Season start dates have become very irregular. 

 

 

Figure 20. Season durations have become very irregular. 

The shoulder seasons (transition from wet to dry season, and transition from dry to wet) have 
generally become longer (Figure 21, Figure 22).  
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Figure 21. Pre dam typical season profile. 

 

 

Figure 22. Post dam typical season profile. 
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 River impoundment and loss of flowing riverine habitat 

3.2.1 Background 

It is often perceived that the loss of flowing riverine habitat, due to inundation from impoundments, is 
balanced by the creation of non-flowing lake habitat. This can be quite misleading, because natural 
lakes and wetlands often function in a very different way to river storages. Much of the productivity of 
lakes and wetlands is associated with the littoral margins (Davies et al., 2008; Adame et al., 2017). 
Large impoundments are generally not operated at a constant water level, and productive littoral 
areas are rarely sustained. In addition, water levels are usually significantly elevated above natural 
stream levels, flooding part of the terrestrial-aquatic interface and creating a new littoral zone with 
steeper banks, less complex aquatic habitat, and different physicochemical conditions for aquatic 
plants. Moreover, the simple transformation of previously flowing riverine to non-flowing lake habitat in 
impoundments has major implications for species with an obligate need for flowing riverine habitats 
(e.g., for spawning, juvenile recruitment, foraging and refuge). Water quality in impoundments is often 
very different from that in rivers, due to the absence of continual physical mixing. Stratification of the 
water column may develop as deeper waters become colder and more oxygen‐deficient than surface 
waters. This can result in much of the reservoir becoming unsuitable habitat for all but the most 
tolerant of species 

 

3.2.2 Quantitative assessment 

The relative degree of impoundment for each reporting zone was expressed as the spatial extent (% 
area) of artificially impounded rivers and streams within the zone. Although there are limitations in the 
dataset relating to accuracy and completeness, it represented the best and most spatially 
comprehensive information available to us at the time of analysis.. For zones where storage area data 
was available, it is evident that zones C1, C2 and S1 have the highest area of impounded rivers 
(2.5%, 2.8% and 1.0% of total area, respectively) and reflect zones with a relatively high number of 
existing dams (Figure 22). The remaining zones had a relatively low impoundment of riverine habitat 
area (< 0.3%).   
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Figure 23. Area impounded by reservoirs in sub-catchment reporting zones of Lao PDR, calculated as the 
spatial extent (% area) of artificially impounded rivers and streams within the zone. Locations of existing 
dams are also shown. Reporting zones for which reservoir area data was not available are indicated by 
NA. 
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 River fragmentation and loss of connectivity 

3.3.1 Background 

In addition to the way in which they alter natural flow regimes, dams form barriers to the longitudinal 
movement of biota and materials (e.g., sediments, nutrients, carbon) along river channels (Wohl, 
2017). The disappearance or decline of important migratory fish species often follows river 
impoundment and the blocking of passage in the system (Bunn and Arthington, 2002). In the Mekong, 
extensive studies all conclude that mainstream hydropower developments will have a major negative 
impact on fisheries resources through two main mechanisms: 1) river fragmentation and disruption of 
fish migrations (in particular loss of access to breeding sites), and 2) a significant loss of nutrients due 
to sediment retention by dams, resulting in an overall loss of water productivity (Baran et al., 2015). 

Water abstraction and the construction of dams can also have a major impact on the migration of 
large shrimp. For example, damming of the lower reaches of one of the main drainages of the 
Caribbean National Forest in Puerto Rico has had a major impact on shrimp recruitment. More than 
50% of migrating larvae were drawn into water intakes for municipal supplies, and juvenile shrimps 
returning upstream faced severe predation below the dam (Pringle and Scatena, 1999). Cascading 
impacts throughout the riverine ecosystem can occur, because many such species are top predators 
and have an important role in structuring natural communities and the way that carbon and energy 
move through aquatic food webs. 

Large dams may also act as barriers to the movement of materials other than biota. For example, fine 
sediment may be trapped and no longer available for downstream and lateral transport in floodwaters, 
thus preventing the annual replenishment of floodplain habitats and deltas, vital for natural 
communities as well as agricultural production (see Section 2.4.3). Disruption of floodplain 
connections (through levee construction, blocking of distributary channels, and converting wetlands 
for aquaculture) are also big issues in many Asian floodplain rivers (Dudgeon, 2011). 

3.3.2 Quantitative assessment 

We used a modification of the River Fragmentation Index (RFI) (Grill et al., 2015) to quantify the 
degree of longitudinal fragmentation caused by dams. This index is a modification of the original 
Dendritic Connectivity Index (DCI) developed by Cote et al. (2009) and quantifies the cumulative 
impact of the number, permeability, and location of barriers to longitudinal connectivity of a river 
network. RFI was calculated as follows: 

RFI = 1 − ��
𝑙𝑙𝑖𝑖2

𝐿𝐿2𝑖𝑖

𝑛𝑛
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� 

• Where n is the number of river fragments;  
• li is the total river length of the contiguous network fragment i that is disconnected by one or 

more dams (i.e., the fragment can be up- or downstream of a dam or in-between dams); and  
• L is the total length of the entire river network.  

The RFI of an unfragmented river network is 0, whereas each subsequent dam increases the RFI to a 
maximum of 1, depending on the size distribution of the fragments. A single dam in a previously 
undisturbed network leads to greatest fragmentation if it splits the network into two equal volume 
fragments, in which case the RFI increases to 0.5. Note that modifications to this basic index (e.g., 
using river volume instead of segment length) (Grill et al., 2014; 2015) could not be applied due to 
data limitations. Moreover, we assumed all barriers were impassable (i.e., permeability set to zero, 
which we considered appropriate for large dams, such as those assessed in this study; see also Grill 
et al., 2014).  

To provide a broad spatial context for river fragmentation within Lao PDR, we calculated River 
Fragmentation Index values for major sub-catchments across the entire Mekong River basin.  For 
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these analyses, fragmentation was calculated for dams within each Hydro-Shed level 4 sub-
catchment (Lehrner et al. 2011).    

Within Lao PDR, we calculated fragmentation for three sub-catchment scales to reflect differences in 
the importance of the direction and spatial extent of longitudinal connectivity for sediment transport 
(downstream direction) and fish movement (local and large-scale bi-directional movement).  
Fragmentation of sediment transport was calculated for barriers to downstream connectivity occurring 
upstream and within each sub-catchment reporting zone. Fragmentation of local fish passage was 
calculated for barriers to bi-directional connectivity occurring within each zone.  Fragmentation of 
large-scale fish passage was calculated for barriers to bi-directional connectivity occurring upstream, 
within and downstream (along the main stem flow path) of each zone. All of the fragmentation 
analyses described above were calculated for current and potential future dam scenarios, 
respectively, using dam location data sourced from CGIAR WLE Greater Mekong Dam dataset.  The 
current scenario included commissioned dams and the future scenario included commissioned dams 
plus dams currently under construction or planned / proposed. 

Across the entire Mekong River basin, river fragmentation due to current dams was highest (RFI 
scores > 0.8) within sub-catchments in the upper and western Mekong basin (mostly in China and 
Thailand; Figure 23a). Under a future scenario of planned / proposed dam construction, almost the 
entire Mekong river network except in lower parts of the basin in Cambodia and Vietnam would be 
highly fragmented (Figure 23b). 

 
Figure 24. River Fragmentation Index values within sub-catchments of the Mekong River basin for current 
(a) and future (b) dam scenarios.  Fragmentation was calculated for dams within each Hydro-Shed level 4 
sub-catchment (Lehrner et al. 2011). Current and future Dam location data sourced from CGIAR WLE 
Greater Mekong Dam dataset. 
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For sub-catchment reporting zones of Lao PDR, sediment transport fragmentation under the current 
dam scenario (Figure 24a) was highest for Mekong mainstream reporting zones (>80%), reflecting the 
high number of dams in the Mekong upstream of Lao PDR (Figure 23a). Zone C1 also had very high 
fragmentation.  Under the future dam scenario (Figure 24b), sediment transport fragmentation 
increased markedly in most zones and was highest in the Mekong mainstream as well as zones N1, 
C1 and S2 (all > 80%). 

Local fish passage fragmentation under the current scenario (Figure 24a) was highest for zones C1 (> 
80%) and N1 (>60%), reflecting the high number of dams in these zones. Under the future dam 
scenario (Figure 24b), local fish passage fragmentation was >80% in all tributary zones except N4. 

Large-scale fish passage fragmentation under the current scenario (Figure 24a) was highest for 
Mekong mainstream reporting zones (>80%), reflecting the high number of dams in the Mekong 
upstream and downstream of Lao PDR (Fig x a). Zones N1 and C1 also had very high fragmentation. 
Under the future dam scenario (Figure 24b), large-scale fish passage fragmentation was >80% in all 
zones except C2 (79%), S1 (78%) and N4 (19%). 
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Figure 25. River Fragmentation Index values in sub-catchment reporting zones of Lao PDR for current (a) 
and future (b) dam scenarios.  Fragmentation of sediment transport (top row) was calculated for barriers 
to downstream connectivity occurring upstream and within each zone. Fragmentation of local fish 
passage (middle row) was calculated for barriers to bi-directional connectivity occurring within each 
zone.  Fragmentation of large-scale fish passage (bottom row) was calculated for barriers to bi-directional 
connectivity occurring upstream, within and downstream (along the main stem flow path) of each zone. 
Current and future Dam location data sourced from CGIAR WLE Greater Mekong Dam dataset. 
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 Other risks to freshwater ecosystem integrity 

Alterations to the flow regime and the associated effects of water resource development, through loss 
of habitat from impoundment or loss of longitudinal and lateral connectivity, are not the only stressors 
affecting environmental assets and values associated with rivers and their floodplains (Dudgeon et al., 
2006; Vörösmarty et al., 2010). The following sections provide a brief summary of some of these 
issues. 

3.4.1 Thermal pollution 

Water temperature directly influences the metabolic rates, physiology, and life-history traits of aquatic 
species and helps determine rates of important ecological processes, such as nutrient cycling and 
productivity (Olden and Naiman, 2010). Deep impoundments are prone to thermal stratification, and 
water released from the lower strata of dams is often much colder (and poorer in water quality - 
including lower oxygen) than ambient surface waters (Bobat, 2015). Reservoirs tend to moderate 
downstream thermal regimes, with lower temperatures in the spring and summer months, higher 
temperatures in winter, and a dampened seasonal signal (Olden and Naiman, 2010). Such releases 
can make many kilometres of river downstream unsuitable habitat for riverine plants and animals. 

3.4.2 Changes in sediment regimes 

The role of dams in sediment sequestration is well established (Vörösmarty et al., 2003). However, 
the implication of this observed in major rivers across Asia has been profound, with recent delta 
shrinkage and reductions in the rate of aggradation (Syvitski and Kettner, 2011; Dudgeon, 2011). This 
is likely to compound the effects of sea-level rise on river deltas and alter the spatial and temporal 
patterns inundation on floodplains (SOBA 3 report). It is not clear how sediment sequestration by 
dams and associated nutrient reduction will interact with the other effects of dams (e.g., flow 
alteration, barriers to connectivity) and influence aquatic biodiversity and fisheries production. 

3.4.3 Water pollution 

Flow regulation seldom occurs in isolation from changes in catchment land use, with intensive 
agriculture and urbanisation, mining, and industry also having wide-ranging and cascading effects on 
river ecosystems (Allan, 2004; Vörösmarty et al., 2010). Thermal pollution and the associated water 
quality issues associated with stratification of reservoirs are briefly noted in Section 2.4.1. The impact 
of pollutant loading to river systems (e.g., from industrial or urban sources) can be ameliorated by flow 
– ‘dilution being the solution to pollution.’ As noted above (Section 2.3.1), reduction in base flows can 
be associated with water quality problems, and this is, undoubtedly, compounded by diffuse and non-
point source pollution. 

3.4.4 Climate change 

In developing Asian countries, climate change is having negative impacts across the water, 
agriculture, and environment sectors (Dudgeon, 2011; Wong et al., 2014). This is especially so in the 
low-lying river basins, such as the lower Mekong (Keskinen et al., 2010; Kano et al., 2016) which have 
been affected by extremes of temperature, rainfall, and rising sea levels. In terms of fishery resources, 
climate effects are likely to lead to: 1) reduced availability of wild fish stocks due to degraded water 
quality, new predators and pathogens, and changed abundance of food available to the fishery 
species; 2) changes in fish migration and recruitment patterns and success due to changes in the 
seasonal timing and intensity of rainfall-runoff events; 3) reduced wild fish stocks, intensified 
competition for fishing areas, and more migration by fisherfolks; 4) alteration to freshwater capture 
fisheries due to saline influence.  
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 Ecohydrological risk assessment  

3.5.1 Background and approach 

We applied a semi-quantitative risk assessment framework to estimate the cumulative risks of current 
ecohydrological threats posed by hydrologic alteration, river impoundment, and longitudinal 
fragmentation to a range of ecological assets for each reporting zone in Lao PDR. This can inform 
identification of areas where more detailed investigations may be required to better understand the 
nature and magnitude of potential risks to ecological integrity and inform spatial planning of decision-
making.   

The term ‘cumulative risk assessment’ is defined as an analysis, characterization, and quantification 
of the combined risks to the environment from multiple anthropogenic threats over time (U.S. 
Environmental Protection Agency [USEPA], 2003). The approach used to assess cumulative risks to 
aquatic ecological assets from cumulative threats of flow alteration, impoundments, and fragmentation 
was modified from Halpern et al. (2007; 2008; 2015) and similar to that applied by Kennard et al. 
(2017) to assess cumulative risks in the Ayeyarwady River basin, Myanmar. 

Cumulative risks (RC) were calculated for each reporting zone as follows: 

𝑅𝑅𝐶𝐶 = �
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• Where Ti is the score of a threat at zone i;  
• Sj is the score of an ecological asset j in each zone; and  
•  µij is the vulnerability weight for the threat i and asset j, given n = 3 threats and m = 9 ecological 

assets.  

The ecological assets included in these analyses are described in Section 2 and quantified numbers 
of fish species in various categories (e.g. migratory, floodplain, total biodiversity, endemic, 
threatened), indicators of fisheries production, and indicators based on the spatial extent of wetlands, 
protected areas and Key Biodiversity Areas for each reporting zone (see Appendix 1 for raw scores).  
Vulnerability weights (presented in Table 7) were estimated using expert judgement (by the report 
authors) with reference to available information, and they represented (in relative terms) how 
vulnerable a given ecological asset is to a given threat. We used expert judgment because empirical 
data on ecological responses to threats in rivers of Lao PDR are lacking. We were conservative in our 
vulnerability rankings by assuming a high vulnerability of most assets to most threats The relative 
spatial intensity of threats, importance of biodiversity assets and their vulnerability to threats were 
scored on an ordinal scale (3, 2, or 1 for high, medium, or low, respectively; see Table 7 for more 
information). From these data, we identified which zones may be at the highest risk (i.e., contain a 
high importance of vulnerable ecological assets and are exposed to the highest threat intensities).   

3.5.2 Spatial variation in ecohydrological risks 

The estimated scores for aquatic ecological assets and ecohydrological threats in each reporting zone 
in Lao PDR is presented in Table 7. Zones with the highest ecological values included S1, S2, MK3 
and MK4.  Zones N3, N4, MK1 and MK2 also had high ecological values for a subset of assets.  
Zones with the lowest threat scores included N3, N4 and S1.  Overall cumulative risk from the 
combined threats posed by flow alteration, impoundment and fragmentation for each ecological asset 
in each reporting zone is presented in Figure 25 and indicates that zone S2 is at high risk relative to 
other zones.  This zone had relatively high scores for most ecological assets and is exposed to 
relatively high intensities of threat posed by hydrologic alteration and impoundment (Table 7, Figure 
25).  Zones C1 and C2 were also at relatively high risk, because they had generally high scores for all 
three threats and had high ecological asset scores for wetland area, protected areas, Key Biodiversity 
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Areas and/or fisheries production.  Reporting zones along the mainstream Mekong River (particularly 
MK 2 and MK3) had high cumulative risk scores, due largely to the high scores for most ecological 
assets and high intensity of threats due to hydrologic alteration and fragmentation.  
 
Although more detailed investigations are required to better understand the nature and magnitude of 
potential risks to ecological integrity, this initial risk assessment can inform identification of areas 
where particular water resource management options could be implemented for different management 
objectives (e.g. protection, rehabilitation).  For example, areas with relatively high ecological values 
and low intensity of ecohydrological threats could be prioritised for management to protect those 
values (e.g. zones N3 and S1).  In contrast, areas at high risk (i.e., containing high ecological values 
and exposed to the highest threat intensities) could be prioritised for particular management actions to 
mitigate, rehabilitate or offset those risks. For example, zone S2 was identified as being at high risk 
from flow alteration and impoundment, whereas zones MK3 and MK4, were at high risk from flow 
alteration and fragmentation.  Candidate management options to mitigate these ecohydrological risks 
and enhance conservation and societal benefits are addressed in more detail in the next section.  
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Table 5. Variation in scores for indicators of ecological assets and ecohydrological threats (hydrologic alteration, impoundment and fragmentation) for each 
reporting zone in Lao PDR.  Also shown are scores for vulnerability of each ecological asset to each threat (estimated using expert opinion).  Scoring is based on 
an ordinal 3-point scale (3, 2, or 1 for high, medium, or low, respectively). For assets and threats indicators, scoring thresholds were based on percentiles (i.e. 
66th and 33rd) of the distribution of raw values for each indicator across the reporting zone (see Appendix for raw indicator data used for scoring). * denotes threat 
scores in zones for which threat indicator data was unavailable (see Appendix) – these were inferred using expert judgment.  Note that we did not attempt to infer 
scores for missing ecological assets in zone N4 due to lack of knowledge. 

 Reporting zone  Vulnerability of ecological assets to 
threats 

 C1 C2 N1 N2 N3 N4 S1 S2 MK1 MK2 MK3 MK4  Hydrologic 
alteration 

Impound-
ment 

Fragmen-
tation 

Ecological asset                 
Migratory fish species 1 1 1 1 2  2 3 3 2 3 3  3 3 3 
Floodplain (blackfish) 
species 1 1 1 2 3  1 2 2 3 3 3  3 2 1 

Fish biodiversity 1 1 1 2 3  1 2 3 3 2 3  3 3 3 
Endemic fish species 1 1 1 3 2  1 3 3 2 2 3  3 3 3 
Threatened fish species 1 1 1 1 2  2 3 2 3 3 3  3 3 3 
Wetland areas  3 2 1 1 2 1 3 1 2 2 3 3  3 3 1 
Protected Areas  1 3 1 3 2 2 3 3 1 1 2 2  3 3 3 
Key Biodiversity Areas 1 3 1 2 2 2 3 3 1 1 2 3  3 3 3 
Fisheries production 
(total yield) 3 1 2 1 1  3 2 1 2 3 3  3 3 3 

Fisheries production 
(potential yield) 3 2 2 1 1  3 3 2 1 3 1  3 3 3 

Median asset score 1 1 1 1.5 2 2 2.5 3 2 2 3 3     
Ecohydrological threat              Scoring:   
Hydrologic alteration 3 3 2 2 1* 1 1 3 2* 2* 2* 2*  3 = High   
Impoundment 3 3 2 2 1* 1 2 3 1* 1 1* 1  2 = Medium   
Fragmentation 3 1 2 2 2 1 1 1 3 2 3 3  1 = Low   
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Figure 26. Overall cumulative risk from the combined threats posed by flow alteration, impoundment and 
fragmentation for each ecological asset (indicated by colours) in each reporting zone.  Inset plots show 
cumulative risks separately for each threat and ecological asset.  Risk is calculated by multiplying the 
respective indicator scores for threats, assets and their vulnerability to threats for each reporting zone. A 
high risk score for a given zone could be attained by that zone having high threat score and containing 
high scores for a high number of vulnerable assets. 

 

 

 



 

 

40 RAPID ASSESSMENT OF THE ECOHYDROLOGY OF THE RIVER BASINS IN LAO PDR: 
TECHNICAL INPUT FOR THE NATIONAL WATER RESOURCES MANAGEMENT STRATEGY 

  

4 Ecohydrological considerations for development of the 
National Water Resources Strategy and the River Basin 
Management planning process 

To inform the development of National Water Resources Strategy and the River Basin Management 
planning process in Lao PDR, there are a number of key considerations based on the outcomes of 
this ecohydrological assessment.  These include the need to: i) identify goals (also termed visions) for 
strategic water resource planning and river basin management; ii) define ecological and management 
objectives; and, iii) identify candidate management options to mitigate risks and enhance conservation 
and societal benefits for Lao PDR.  These are addressed below.  

4.1 Goals 

The coordinated development and management of water resources is desirable in order to maximize 
economic and social welfare in an equitable manner without compromising long-term sustainability of 
aquatic ecosystems, biodiversity, and the goods and services they provide for people. This is the 
rationale for Integrated Water Resources Management (IWRM) that is widely accepted as a way of 
achieving efficient, equitable and sustainable development and management of the limited water 
resources and for coping with conflicting demands2. Agreeing on a shared set of high-level goals at 
national, regional and/or river basin scales is an important component of IWRM provides a critical 
context for development of concrete objectives and specific actions by which river basin plans are 
developed and implemented (Pegram et al. 2013).     

Examples of goals relevant to the ecohydrology of rivers in Lao PDR could include those relating to 
environmental protection such as maintaining:  

• Healthy aquatic ecosystems – through maintaining or enhancing ecological assets (species, 
habitats), ecological processes (hydrologic connectivity, primary productivity), ecosystem 
values (fisheries) 

• Healthy catchments - maintaining or enhancing the integrity of terrestrial, riparian and 
floodplain vegetation, soils 

 
They can also describe development goals to achieve social and economic outcomes related to water 
and land use such as ensuring: 

• Healthy communities – through sustainable use of natural resources (e.g. water, fisheries) to 
support social, economic and environmental well-being;  

 
Goals can relate to natural and man-made disaster risks and could involve reducing ecological risks of 
flooding, dam collapse and other disasters that might affect freshwater biodiversity, critical habitat for 
rare and threatened species and/or fisheries production, for example.  Finally, institutional goals could 
articulate institutional intent for cooperation (e.g. with respect to transboundary rivers), collaboration 
among government departments and industry, and stewardship (e.g. through co-management 
arrangements between local government and community stakeholders). They could also describe 
goals for capacity development and knowledge enhancement to foster effective and inclusive 
decision-making. 
 
The next step towards implementation of high-level goal statements is translation into specific and 

                                                      

2 http://www.un.org/waterforlifedecade/iwrm.shtml 

http://www.un.org/waterforlifedecade/iwrm.shtml
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measurable objectives and targets that are achievable with the available resources and given time 
frame (Pegram et al 2013).  

 Ecological and management objectives  

The United Nations Sustainable Development Goals3, provide examples of translating high level goals 
to specific objectives or targets for achievement within a set timeframe (i.e. by 2030 or earlier). For 
example, the Sustainable Development Goal for Water (SDG6)4, includes targets to ‘protect and 
restore water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers and lakes’ 
(SDG6.6), to ‘improve water quality by reducing pollution’ (SDG6.3) and to ‘substantially increase 
water-use efficiency across all sectors and ensure sustainable withdrawals’ (SDG6.4). In addition, 
SDG Goal 15 (Life on Land)5 also includes specific targets to ‘ensure the conservation, restoration 
and sustainable use of terrestrial and inland freshwater ecosystems and their services’ (SDG15.1), 
including wetlands. Key policy recommendations and actions for the 2030 Agenda to achieve these 
targets were outlined at the 2016 Budapest Water Summit6.   
 
Water-related strategic management objectives and targets for Lao PDR could be consistent with the 
targets specified in the UN Sustainable Development Goals.   
 
Examples of objectives relating to environmental protection could include:  

• establishing environmental flow regimes that provide an appropriate balance between human 
and ecosystem water requirements 

• maintain groundwater water regimes that support groundwater-dependent species and 
ecosystems 

• maintain or improve water quality, for example by reducing water pollution (nutrients, 
toxicants) and managing physicochemical alteration downstream of dams 

• prevent loss or degradation of high ecological value freshwater ecosystems by providing tools 
and capacity development for inventory, assessment and strategic prioritization of areas for 
conservation management and protection 

• maintaining viable populations of rare and threatened aquatic species and integrity of 
ecological communities throughout their range within floodplain, wetland, riparian and in-
stream ecosystems 

• prioritise representative high ecological value rivers and wetlands for protection from water 
resource developments that threaten these values  

• avoid introduction and spread of non-native aquatic species 

 

Examples of objectives relating to development goals to achieve social and economic outcomes could 
include:  

• maintenance of natural freshwater ecosystems (e.g. rivers, lakes and wetlands) and 
management of modified freshwater ecosystems (e.g. paddy fields, reservoirs) so that they 
can provide fish and other aquatic resources to sustain people and livelihoods 

                                                      

3 https://www.un.org/sustainabledevelopment/ 
4 https://www.un.org/sustainabledevelopment/water-and-sanitation/  
5 https://www.un.org/sustainabledevelopment/biodiversity/  
6 http://www.budapestwatersummit.hu/data/images/Kepek_2016/BWS2016_Messages_Policy_Recommendations.pdf  

https://www.un.org/sustainabledevelopment/
https://www.un.org/sustainabledevelopment/water-and-sanitation/
https://www.un.org/sustainabledevelopment/biodiversity/
http://www.budapestwatersummit.hu/data/images/Kepek_2016/BWS2016_Messages_Policy_Recommendations.pdf
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• maintenance of freshwater ecosystems and they biodiversity they sustain, to provide tourism 
and recreational opportunities for locals and visitors alike 

 Management options to mitigate risks and enhance benefits 

The example goals and objectives outlined in the previous sections require specific actions with 
assigned responsibility (Pegram et al 2013). This will help to realise the substantial opportunities to 
minimise negative ecohydrological risks of water resource development and maximise the 
socioeconomic benefits of healthy rivers in Lao PDR. General principles, key strategies, and example 
management actions to achieve these goals are outlined below relating to:  

• strategic planning and management 

• environmental flow management 

• water infrastructure management 

• other measures 
 

4.2.1 Strategic water resource planning and management 

The following general principles for strategic water resource planning and management (drawn from 
OECD 2006, ICEM 2008, Pusey and Kennard 2009, Kennard et al. 2017) may be appropriate for 
consideration to minimise ecological impacts and maximise socioeconomic benefits of water resource 
development in rivers of Lao PDR: 

• Apply precautionary principal to water resource development proposals because it is usually 
more cost-effective to prevent environmental harm than it is to restore the damage. The 
precautionary principal could be applied if: 

o there is a threat of serious or irreversible damage, and  
o there is scientific uncertainty as to the nature and extent of possible damage 

• Include in relevant policies (e.g. relating to environmental impact assessment, water quality 
management, fisheries management, environmental flow management) specifications for the 
systematic collection of ecological data and analysis requirements to allow informed 
evaluation of ecological impacts of water resource developments and mitigation of risks 

• Improve knowledge base to support decision-making and tradeoff evaluations. Knowledge 
availability and use could be enhanced through: 

o technical capacity development & training,  
o database management,  
o data sharing and coordination across government agencies and other stakeholders 

(e.g. universities) 
• Develop Intact Rivers Policy to ensure that representative river systems/tributaries and those 

of high ecological value are protected from negative consequences of water resource 
development (e.g. by minimising barriers to connectivity, flow alteration, destructive fishing 
practices and other land use impacts). The choice of rivers for protection guided by spatial 
prioritization analyses and engagement with key stakeholders. Our preliminary 
ecohydrological risk assessment (Section 4.5) indicates several sub-catchment reporting 
zones in Lao PDR that may be suitable for consideration (e.g. zones N3 and S1) as they had 
high ecological values and low intensity of ecohydrological threats (see Table 7).  

• Different management actions will likely be needed to achieve the conservation goals (e.g., 
protection, threat mitigation, rehabilitation); therefore, monetary estimates of management 
costs should ideally be linked to decision-making, concerning which management actions to 
implement in which places. The incorporation of realistic and spatially explicit cost estimates for 
different management actions would allow cost-benefit tradeoffs to identify the most efficient 
combination of actions, and where they should be spatially prioritised to achieve the 
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conservation goals. Adaptive management plans, where information is gained through well-
defined monitoring programs in the early stages of the plan or from previous experiences, can 
be incorporated in the decision-making process and would greatly improve the cost-efficiency 
of conservation management.  

• Consider environmental offsets or compensation as a strategy to improve environmental 
outcomes from water resource development.  An environmental offset compensates for 
unavoidable impacts on significant environmental values (e.g. fisheries production, critical 
habitat for rare and threatened species) in one area, by investing in environmental management 
activities in another area over a period of time, to replace those significant environmental values 
which were lost.  Examples of environmental offsets to improve fisheries include: improved 
policing to prevent overfishing, stocking of some species that are in decline, treatment of 
polluted wastewaters, and river rehabilitation measures. Offsets could be funded as part of the 
cost of development of a new dam, or by using revenue from hydropower, and could help to 
compensate for environmental and social impacts of such developments. 

 

4.2.2 Environmental flow management 

Environmental flows can be defined as: “…the quantity, timing and quality of water flows required to 
sustain freshwater and estuarine ecosystems and the human livelihoods and well-being that depend 
upon these ecosystems” (The Brisbane Declaration 2018). This includes managing flows to sustain 
the physical integrity of river-floodplains, water-dependent species (e.g., fish, birds, riparian trees), 
ecological processes (nutrient and energy flow), ecosystem goods and services from which people 
benefit (e.g., water purification, fisheries production, tourism values), and cultural and spiritual values. 
Environmental flow assessments evaluate how much water the river needs, to sustain natural values 
and processes, recognizing that the environment is a legitimate and essential user of water. 
Importantly, an environmental flow is not simply a fixed allocation delivered, for example, as a 
minimum daily flow, but acknowledges that key attributes of the flow regime (e.g., magnitude, 
frequency, timing, and duration of particular flow events) are also ecologically important (Poff et al., 
1997; Bunn and Arthington, 2002). Environmental flow assessments are, therefore, an important step 
for decision-makers to evaluate tradeoffs among other, often competing, users of water (e.g., for 
agriculture, hydropower, urban supply, and industry) (Arthington, 2012).  

Following is a series of general principles for environmental flow management (sourced from Pusey 
and Kennard 2009, Kennard et al 2017, Hortle and So Nam 2017) that may be appropriate for 
consideration in rivers of Lao PDR.  

• Ideally, detailed environmental flow assessments should be undertaken for all existing and 
future water resource developments so that the flow requirements of important aquatic biota 
and risks of hydrological change for aquatic ecosystem services can be evaluated and 
mitigated. This would guide the choice of appropriate mitigation strategies (listed in the 
following dot points). 

• Implement environmental flow management practices. For example, water infrastructure 
(dams and weirs) can be designed and operated to be hydrologically transparent (bounded by 
infrastructure constraints and reductions in yield for other uses). This means that ecologically 
important flow events (e.g., floods, flow pulses, baseflows, low flow spells; see Figure 2 and 
Figure 3) from upstream can be delivered downstream. This would help to mimic ecologically 
important components of the flow regime for downstream aquatic ecosystems. 

• Dry season flow releases from dams (e.g., for delivery of water for irrigation purposes) that 
result in artificially elevated low flows that may drown out important habitats (e.g., nesting 
banks for turtles) could be avoided by delivering the water through off-stream pipelines, 
instead of along the river channel, and off-stream storage at the destination. 

• Flow releases from dams that result in unnaturally rapid rises and falls in water levels, 
downstream and within impoundments, should be avoided due to the risk of stranding aquatic 
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organisms, nesting areas and other ecological assets. 
• Flood harvesting (capture and use of water flowing across a floodplain) and off-stream 

storage could be used to mitigate the requirement for in-channel storages. Harvesting of 
floodwaters should only be considered in circumstances where changes to ecologically 
important components of the natural flood hydrograph (e.g., rates of rise and fall, peak 
magnitude) can be minimised, and the location of off-stream storages can be situated in areas 
that avoid habitat for important terrestrial and aquatic biota (e.g., important floodplain wetlands 
or hotspots of aquatic primary production). 

• Groundwater extraction should be carefully assessed to ensure protection of groundwater-
dependent ecosystems, especially during the dry season. Over extraction of groundwater can 
also lead to land subsidence on floodplains and alter the pattern of flood inundation. 

• The cumulative effects of riparian extraction of water from streams and rivers (i.e., through 
direct pumping) can lead to major reductions in low flows and increases in the frequency and 
duration of dry spells. Similarly, water extraction from isolated waterholes can reduce the 
duration of persistence and quality of these important dry season refugial habitats. These 
impacts could be mitigated by setting minimum thresholds for dry season water extraction by 
riparian users and adequately policing these regulations. Pump offtakes should be positioned 
well below the water surface to minimise the possibility of removing high-quality surface 
waters from deep, stratified waterholes. These offtakes could also be screened to avoid 
potential entrainment of fish.  For high-priority aquatic habitats (e.g. fish conservation zones, 
those known to be critical dry season refugia and/or supporting species of conservation 
significance), individual site‐specific management rules should be established to protect their 
ecological values, including specification of permissible drawdown depths and rates. 
Ecological impacts could also be minimised, if riparian extraction was undertaken during high 
flow conditions rather than during low flow periods. However, this would require suitable 
storage capacity to be provided off-stream, given that the greatest demand for water is usually 
at times of low flow (i.e., during the dry season). 

 

4.2.3 Water infrastructure management 

Associated with the general principles for environmental flow management described in Section 5.2.2, 
the following general principles for water infrastructure management (sourced from Pusey and 
Kennard 2009, Kennard et al. 2017, Hortle and So Nam 2017) may be appropriate for consideration to 
minimise ecological impacts in the rivers of Lao PDR: 

• Dams could be fitted with multi‐level offtakes to minimise the release of poor quality water 
downstream (e.g., release of bottom waters of low temperature and dissolved oxygen). De-
stratification measures within impoundments and/or oxygenation of discharges downstream 
could also be attempted. 

• Sediment bypass measures may be used to mitigate clearwater‐erosion and substrate 
changes caused by sediment load deficits downstream of dams and larger weirs. Such 
measures could include installation of gates on water infrastructure to minimise impedance to 
sediment transport or removal of accumulated bedload from impoundments and reintroduction 
downstream. 

• Some impoundments provide ideal habitat for growth of aquatic invasive weeds. In situations 
where the problem is severe, it may be feasible to reduce such plant growth by manual 
harvesting or biological control. 

• Maintain the integrity of riparian zones, upstream and downstream of impoundments. 
• Interbasin transfers of water increase the risk of translocation of non-native organisms 

between catchments. Installation and regular maintenance of effective screens can help 
prevent such translocations. 

• Consider ecologically sensitive spillway design to prevent fish injury (i.e. physical damage or 
gas bubble trauma due to dissolved gas supersaturation), to reduce risks to fish moving 
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downstream of dams. This issue may be significant downstream of high dams with deep 
stilling basins below their spillways. 

• Installation of effective fish passage devices (e.g., rock-ramp fishways, fish ladders, fish locks, 
fish lifts) on some existing and new water infrastructure may be required. Provisions of 
specific environmental flow allocations, to render these fish passage devices effective, should 
also be ensured. However, it should be noted that fish passage devices can never fully 
restore natural fish passage and can, at best, only allow movement of a subset of the fish 
(Halls & Kshatriya, 2009). Dams and weirs may also impede passage of other aquatic and 
water‐dependent biota (e.g., crustaceans, turtles, dolphins). It is, therefore, critical that their 
passage requirements (i.e., in terms of depths, velocity, and turbulence in fishways) also be 
provided for. For downstream migrating fish, risks posed by entrainment in hydropower 
turbines could be partially ameliorated by installation of screening and bypass devices and 
improvements in design of water gates, spillways and turbines. Trap and transport and/or 
collection of wild fish and propagation for particular species may also partially offset the risks 
to fish passage. 

 

4.2.4 Other measures 

There are several other candidate measures (reviewed in Hortle and So Nam 2017) to minimise or 
offset ecological impacts and maximise benefits of water resource development in the rivers of Lao 
PDR.  

For example, there are several management options to benefit fisheries production, including the 
propagation of wild fish and development of reservoir fisheries and aquaculture.  Wild fish in breeding 
condition often accumulate below dams and could be caught and then bred in hatcheries, with their 
offspring released back into the wild. Fish could be bred onsite in mobile fish hatcheries, after which 
fry are stocked in nearby ponds where they are grown prior to release.   

Intensification and enhancement of reservoir fisheries could be achieved through stocking of hatchery-
reared fry (preferably with fish species native to rivers of Lao PDR) and environmental management to 
enhance reservoir productivity (e.g. by providing nutrients or by adding additional habitat structures 
which can provide refuge from predators for stocked fingerlings).  Fish can be stocked and grown in 
reservoirs in fenced-off areas or in floating cages. In addition, the reliable supply of clean water 
provided by reservoirs enhances the opportunity for aquaculture development downstream, often in 
association with livestock or poultry culture, and water may then be redirected for irrigation, 
maximising benefits. 

Sustainability of wild fisheries can be maximised by implementing legislation to control overfishing 
including restriction of destructive gears such as poisons, explosives and electrofishing, restricting 
gear types, and setting closed seasons. 
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5 Conclusions 

The freshwater ecosystems of Lao PDR exhibit important ecological assets and values, high societal 
dependence on environmental services (e.g. fisheries) that healthy rivers and wetlands provide, and, 
in some areas, a high level of threat to these values that is intensifying.  Successfully managing these 
ecosystems to maintain or rehabilitate their ecological values and benefits for people poses a major 
challenge.  

Although more detailed investigations are required to better understand the nature and magnitude of 
potential risks to ecological integrity, the initial ecohydrological risk assessment presented in this 
report can inform identification of areas where particular water resource management options could 
be implemented for different management objectives (e.g. protection, rehabilitation).  For example, 
sub-catchment reporting zones of Lao PDR with relatively high ecological values and low intensity of 
ecohydrological threats could be prioritised for management to protect those values (e.g. zones N3 
and S1).  In contrast, areas at high risk (i.e., containing high ecological values and exposed to the 
highest threat intensities) could be prioritised for particular management actions to mitigate, 
rehabilitate or offset those risks. For example, zone S2 was identified as being at high risk from flow 
alteration and impoundment, whereas zones MK3 and MK4, were at high risk from flow alteration and 
fragmentation.   

To inform the development of National Water Resources Strategy and the River Basin Management 
planning process in Lao PDR, we identify a number of key considerations based on the outcomes of 
the ecohydrological assessment.  These include the need to: i) identify goals (also termed visions) for 
strategic water resource planning and river basin management; ii) define ecological and management 
objectives; and, iii) identify candidate management options to mitigate risks and enhance conservation 
and societal benefits for Lao PDR.  We anticipate that this rapid ecohydrological assessment will 
inform more detailed assessments in the future to guide implementation of strategic planning, 
environmental flow management, water infrastructure management, and other measures to support 
the development of the National Water Resources Strategy and implementation of River Basin 
Management planning. 
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Appendix 1. Key Flow metrics for four main stem Mekong River sites. 

Site Area 
(km2) 

period MDF 
(m3/s) 

Q90 
(m3/s) 

Q10 
(m3/s) 

CV 
Daily 
flow 

Wet 
Season 
CV 

Dry 
Season 
CV 

Wet 
Season 
avg 
duration 
(days) 

Dry 
Season 
avg 
duration 
(days) 

Wet 
Season 
CV of 
avg 
duratio
n 
(days) 

Dry 
Season 
CV of 
avg 
duratio
n 
(days) 

Wet 
Season 
start 
(Julian 
day) 

Dry 
Season 
start 
(Julian 
day) 

Wet 
Seaso
n CV 
of start 
(Julian 
day) 

Dry 
Seaso
n CV 
of start 
(Julian 
day) 

Mekong 
@ 
Chiange 
Sean 

189,000 1960-2008 2685 828 5849.
3 

0.83 0.52 0.36 137 163 0.19 0.26 161 300 0.08 0.28 

  Pre 1975 2847 807 6380 0.90 0.57 0.14 136 178 0.20 0.17 168 258 0.17 0.50 

  post 1975 2606 836 5576 0.78 0.48 0.36 138 156 0.21 0.29 157 320 0.04 0.11 

Mekong 
@ Luang 
Prabang 

268,000 1950-2017 3762 1020 8664 0.88 0.56 0.42 135 164 0.24 0.25 171 296 0.22 0.32 

  pre 1975 3806 1020 9225 0.92 0.59 0.15 140 168 0.21 0.28 166 296 0.16 0.31 

  post 1975 3734 1023 8360 0.85 0.54 0.42 131 162 0.08 0.24 174 296 0.00 0.34 

Mekong 
@ 
Vientien
e 

299,000 1913-2008 4578 1160 11000 0.91 0.55 0.40 135 170 0.16 0.20 171 283 0.09 0.40 

  pre 1975 4609 1150 11500 0.93 0.56 0.38 131 174 0.22 0.19 174 288 0.14 0.36 

  post 1975 4518 1170 10307 0.88 0.53 0.42 141 162 0.08 0.21 166 272 0.00 0.48 

Mekong 
@ Stung 
Treng 

635,000 1910-2008 13261 2052 35392 1.05 0.53 0.73 132 155 0.12 0.22 173 243 0.07 0.61 

  pre 1975 13578 1893 37058 1.02 0.53 0.24 131 153 0.19 0.20 174 243 0.13 0.61 

  post 1975 12627 2403 32617 0.99 0.51 0.67 135 159 0.06 0.25 171 243 0.07 0.62 
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Appendix 2. Key Statistics and comparison Sites for Ngum@BanPakkanhoun. 

Site Area 
(km2) 

Period MDF 
(m3/s) 

Q90 
(m3/s) 

Q10 
(m3/s) 

CV 
Daily 
flow 

Wet 
Season 
CV 

Dry 
Season 
CV 

Wet 
Season 
avg 
duration 
(days) 

Dry 
Season 
avg 
duration 
(days) 

Wet 
Season 
CV of 
duration 

Dry 
Season 
CV of 
duration 

Wet 
Season 
start 
(Julian 
day) 

Dry 
Season 
start 
(Julian 
day) 

Wet 
Season 
CV of 
start 
day 

Dry 
Season 
CV of 
start 
day 

NamNgum @ 
BanPakKanhoung 

14,300 1963-
2011 

593 153 1270 0.96 0.86 0.69 131 136 0.30 0.55 196 269 0.08 0.50 

NamNgum @ 
BanPakKanhoung 

14,300 Pre-
dam 
1963-
975 

640 90 1830 1.23 0.75 0.68 118 141 0.55 0.45 156 319 0.58 0.08 

NamNgum @ 
BanPakKanhoung 

14,300 Post-
dam 
1985-
2011 

588 251 1143.1 0.76 0.56 0.31 143 132 0.34 0.61 214 245 0.49 0.63 

Nam Ca Dinh @ 
Ban Phone Si 

14,200 1960-
1987 

701 84 1800 1.58 1.11 0.41 27 45 1.58 1.79 45 77 1.74 1.75 

NamLik @ 
BanHinHeup 

5,115 1985-
2011 

0 0 0 227.83 288.36 1.27 82 70 0.00 1.16 93 148 0.00 0.94 

Nam theun @ 
Signo 

3,370 1986-
2005 

208 23 562 1.54 1.04 0.87 26 21 0.00 2.47 31 53 0.00 2.12 
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Appendix 3. Variation in raw scores for indicators of ecological assets and ecohydrological threats for each reporting zone in Lao PDR. See text for source of 
information for each indicators.  Ecological asset indicators relating to numbers of fish species and fisheries production (sourced from Mynell et al 2012a and 
reported for sub-catchments) were calculated as a sub-catchment area-weighted average within each reporting zone and then scaled by total zone area.  Scoring 
thresholds (i.e. 66th and 33rd percentiles) are also shown for each indicator and were used for calculation of risk (see Table ?).  NA indicates zones for which 
indicator data was unavailable. 

 Reporting Zone Scoring 
threshold 

Attribute Unit C1 C2 N1 N2 N3 N4 S1 S2 MK1 MK2 MK3 MK4 66th 
%'ile 

33rd 
%'ile 

Zone area km2 25,590 27,816 38,675 18,272 10,733 22,724 27,850 22,593 9,734 9,450 9,059 7,704   
Ecological asset                

Migratory fish species Number of 
species / km2 0.17 0.13 0.12 0.12 0.24 NA 0.20 0.35 0.27 0.23 0.32 0.29 0.26 0.18 

Floodplain (blackfish) 
species 

Number of 
species / km2 0.03 0.03 0.02 0.03 0.07 NA 0.03 0.04 0.07 0.08 0.08 0.10 0.07 0.03 

Fish biodiversity Number of 
species / km2 0.56 0.42 0.34 0.73 1.35 NA 0.49 0.94 1.25 1.55 1.15 1.19 1.17 0.62 

Endemic fish species Number of 
species / km2 0.15 0.15 0.10 0.22 0.18 NA 0.14 0.27 0.27 0.18 0.16 0.24 0.20 0.15 

Threatened fish species Number of 
species / km2 0.03 0.02 0.03 0.02 0.06 NA 0.04 0.09 0.05 0.07 0.08 0.08 0.07 0.04 

Wetland areas  % area 5.36 2.78 0.16 0.93 1.81 0.00 7.46 0.36 4.30 4.37 28.24 35.01 4.70 1.52 
Protected Areas  % area 8.36 36.95 8.05 30.66 14.34 16.88 19.52 44.57 2.68 2.86 15.81 17.50 18.17 12.35 
Key Biodiversity Areas % area 6.11 40.55 8.45 18.96 15.77 16.44 24.25 57.19 2.07 5.03 17.60 46.89 20.72 13.33 
Fisheries production 
(total yield) 

Tonnes/ year / 
km2 70.39 18.50 32.98 17.17 32.35 NA 75.83 47.18 30.37 33.82 69.84 83.05 62.27 32.56 

Fisheries production 
(potential yield) 

Tonnes / year / 
km2 1.31 0.82 0.77 0.13 0.39 NA 1.57 1.75 0.59 0.36 0.87 0.52 0.85 0.55 

Ecohydrological threat                

Hydrologic alteration % Mean 
annual flow 27.48 16.91 0.59 0.09 NA 0.00 0.04 37.30 NA NA NA NA 16.90 0.09 

River impoundment % area 2.45 1.76 0.26 0.05 NA 0.00 0.01 0.96 NA <0.01 NA 0.00 0.50 0.01 

Fragmentation % river 
network 83.90 34.20 82.00 47.70 49.30 0.00 31.40 35.00 85.90 83.70 90.80 90.90 83.77 43.46 
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