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A global outlook on dams

3,682 dams under
construction or planned
(~775 GW)

(Animation by Fabio Corso; data: Lehner et al. 2011, Zarfl et al. 2015) 



A global outlook on dams
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One benefit multiple impacts
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Modelling sediment connectivity
Enlarging the scale 

CONTEXT
Growing interest and effort in modeling sediment budget at the whole network scale
but so far mostly qualitative (e.g. Fryirs et al., 2007; Bracken et al. 2013; Heckmann & Schwanghart
2013) 

CHALLENGE
Quantitative models are needed to support strategic decision-making 

OPPORTUNITIES
New data from Remote Sening are opening up opportunities for building quantitative models
(e.g. Carbonneau & Piegay 2012, Bizzi et. 2016)  

LIMITATIONS
Balance between scales and complexity allows only for exploratory, parsimonious tools 
representing some but not all the processes  (e.g. Schmitt et al. 2016)



CASCADE (CAtchment SEdiment Connectivity And DElivery)

Sediment sorting Distance to sources

OUTPUTS
• Sediment fluxes in each reach
• Sediment provenance in each reach

Schmitt et al., 2017



THE MEKONG RIVER BASIN
sediment trapping vs energy generation: is 

a balance possible?



A life-line of South East asia

The Mekong basin

Sediment load - 100 - 160 Mt/yr

790,000 km2 drainage area

60 million people depend on rivers for 
their livelihood – 20 million people in 
the delta  

6 riparian countries

Major hydropower potential 
(> 250,000 GWh) in 120 + dam sites

Building all dams will reduce sediment 
transport to the delta by > 90 %  

Existential threat to delta 
livelihoods 

Land loss
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Project-by-project design

Network-scale impacts of dam sediment trapping 

Project-by-project dam development in 
the Mekong (and elsewhere) does not 
consider network scale cumulative 
impacts 
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Strategic portfolios planning

Network-scale impacts of dam sediment trapping 

Strategic portfolio planning aims to 
identify dam portfolios with a good 
trade-off between generation and 
cumulative sediment trapping

Project-by-project dam development in 
the Mekong (and elsewhere) does not 
consider network scale cumulative 
impacts 
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CASCADE

Modelling sediment connectivity

Network-scale river models enable rapid 
screening of cumulative, network-scale 
impacts for many different dam portfolios 

CASCADE routing models for major rivers in SE - Asia

CASCADE:  
Process-based 

simulation of 
sediment 

transport for 
Mekong  

tributaries

MEKONG

IRRAWADDY / SALWEEN

CASCADE: Schmitt et al., 2016



Strategic planning for less dam sediment trapping 

Schmitt et al., 2018
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Strategic planning for less dam sediment trapping 

Dams in the lower 
Mekong tributaries: 
15,000 GWh 
generation,  90 % of 
basin‘s  sediment 
trapped

Same generation could 
be reached for 
< 20 % trapping by 
selecting a different 
dam portfolio

Knick-point in optimal 
portfolios identifies 
limits for sustainable 
hydropower expansion
and suggests where to 
site new dams

Schmitt et al., 2018
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ARTICLESNATURE SUSTAINABILITY

dams would increase hydropower production with less additional 
impact on connectivity than building dams in still-free-flowing 
parts of the 3S. This implies leaving the Se Kong and its remaining 
undammed tributaries free-flowing and developing the remaining 
dam sites in the Se San and Sre Pok, parts of the basin that are already 
disconnected from the Mekong, most notably by LSS2 (Fig. 5a).

Such a strategy would lead to a considerable shift in hydropower 
availability for the basin’s riparian countries. Around 7,000 GWh yr–1  
of the remaining 11,000 GWh yr–1 of hydropower potential remain 
in Laos (Fig. 5b). However, nearly 6,000 GWh yr–1 would origi-
nate from dam sites in the Se Kong River that are still connected 
to the Mekong. In contrast, most of the 4,000 GWh yr–1 of hydro-
power potential remaining in Cambodia is in dam sites upstream 
of existing dams (Fig. 5a, b). Hence, to avoid disconnecting the last 
remaining sand sources would require Laos either to forgo dam 
development in still-connected parts of the Se Kong, or to build 
additional dams only in sites upstream of existing dams.

The current pattern of development, with dams in Vietnam 
(upper Se Kong and upper Sre Pok) having been developed first, 
followed by dams in Cambodia (in the lower Se San and lower Sre 
Pok) and Laos (Se Kong), clearly follows an economic gradient, 
from Vietnam to Cambodia to Laos. In the early 2000s, the gross 
domestic product of Vietnam was 10 times that of Cambodia and 
20 times that of Laos23. The historical trajectory of dam develop-
ments leads to a situation in which most of the Se San and Sre Pok 
in Vietnam and Cambodia are now disconnected from the Mekong. 
Maintaining some residual connectivity would hence require Laos 
to forgo developing most of its remaining hydropower potential.

The 3S exemplifies how balancing environmental objectives and 
the economic interests of riparian countries in transnational basins 
requires early institutional oversight on the basin scale to avoid ineq-
uitable distribution of hydropower benefits among countries. Market 
mechanisms and adequate transmission infrastructure are also 

imperative for strategic dam planning. These factors enable energy 
to be transmitted from dam sites included in an optimal dam portfo-
lio to riparian countries or regions where demand is high but where 
available dam sites would have poor environmental performance.

Conclusion
Strategic planning of dam portfolios can result in important co-
benefits between economic and environmental objectives in 
hydropower planning. Most of the hydropower potential in the 3S  
Basin could have been developed while trapping a fraction of sand 
trapped by the current dam portfolio. The current dam portfolio 
shows that project-by-project planning is likely to be driven by 
economic considerations that result in low production cost. But 
this cost advantage results in an environmental performance that 
is much worse than that of an optimal dam portfolio. A sustainable 
hydropower portfolio would compromise little in terms of costs but 
result in much better environmental performance.

A single dam site can have disproportionate impacts on multiple 
ecosystem services compared to its hydropower potential. The LSS2 
dam, for example, will have an disproportionate impact on sus-
pended sediment transport24, migratory fish in the whole Mekong2 
and the sand budget of the lower Mekong. On the scale of single 
dams, impacts on sediment connectivity can be mitigated to a 
certain extent through adapted technical design and operation25. 
Our results indicate, however, that such mitigation measures are  
not likely to be as effective as excluding the highest-impact dam 
projects at the most sensitive sites from the project portfolio. Such 
projects can be identified only by strategic planning and adopting 
a portfolio perspective on economic benefits and environmental 
impacts of dams.

For the future, we envisage that the application of a parsimoni-
ous screening tool like CASCADE should be the first step towards 
planning more sustainable hydropower. Initial applications of a 
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Fig. 5 | Remaining opportunities for strategic hydropower planning in the 3S. a, Green triangles show dam sites upstream of existing dams, and thus in 
parts of the river network that are already disconnected from the outlet (grey network); red triangles show dam sites in still-connected parts of the river 
network (blue network). Disconnected parts of the network are identified as those upstream of at least one downstream dam. Line width is proportional to 
stream order. b, Remaining hydropower potential at dam sites in connected (red) and disconnected (green) parts of the network per country.
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Upscaling strategic planning for dams to the whole basin scale

CASCADE model for network-scale 
sediment routing and dam sediment 
trapping to identify impacts of different 
dam portfolios

Evolutionary  algorithm to identify optimal 
dam sequence to minimize sediment 
trapping and maximize hydro generation

Kondolf, Schmitt, et al., (2018)

Dam site – trap efficiency

Analysis Framework



Sediment trapping of the current dam portfolio

Strategic hydropower planning in the Mekong

Under construction

Built

CURRENT
PORTFOLIO 140000 GWh/yr | 55 MT/yr

Lower Lancang: 
China

Lower Mekong tributaries:

Vietnam, Cambodia 

(Schmitt et al. 2018) 

Current 
portfolio



Sediment trapping of the current dam portfolio

Strategic hydropower planning in the Mekong

CURRENT
PORTFOLIO 140000 GWh/yr | 55 MT/yr
PLANNED

FUTURE > 250000 GWh/yr | < 10 MT/yr

Planned 
future

Under construction

Built

Planned future

Lower Mekong Mainstem:

Cambodia, Laos

Upper Lancang

China



Optimizing future delta connectivity

Strategic hydropower planning in the Mekong

CURRENT
PORTFOLIIO 140000 GWh/yr | 55 MT/yr

PLANNED
FUTURE > 250000 GWh/yr | < 10 MT/yr

OPTIMIZING DELTA
CONNECTIVITY > 200000 GWh/yr |  50 MT/yr

Under construction

Built

Planned future

Optimizing Delta connectivity

Carrying capacity 
?



Optimizing future delta connectivity

Strategic hydropower planning in the Mekong

Anticipating dam 
development in the upper 
Lancang to maintain delta 
connectivity

Postponing 
lower Mekong 
mainstem 
dams

Existing Lancang
dams

Carrying capacity 
?



Equity and energy production

Challenges for transboundary strategic planning

Increase in hydro 
production
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Conflicts between environmental objectives

Challenges for transboundary strategic planning
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Conflicts between environmental objectives

Challenges for transboundary strategic planning

Sacrificing the 
Lancang to 

maintain delta 
connectivity? 

Or considering 
non-hydro 

alternatives? 



(1) Strategic planning, siting, and sequencing for minimizing dam impacts on river networks 

(2) Transboundary conflicts and conflicts between ecosystem services require quantitative and 
network scale assessments

(4) Integrate strategic planning with dam operation and design 

Conclusions
Opportunities and future challenges 

(3) Data-scarcity and large scales  - quantifying model sensitivity and robustness of optimization 
results

(5) More and better data are needed to support strategic planning 
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