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HYDRO DAMS

• A type of land use that is rarely mapped on LULC products;
• Huge impacts on water resources
• Significant implications to water-energy-food nexus;
• Important socioeconomic consequences;
• Very controversial in biological, hydrological and ecological impacts;
• Number of dams are increasing around the globe.



Global hydro dams (above figure) represents a 
unique land use/cover type that have directly 
altered global water distribution, availability,
accessibility and cycle, benefiting some (irrigated
agriculture and hydropower energy sectors) while 
disrupting other ecosystem services such as fish 
habitat and biodiversity. And yet there is little 
research on the trade-offs and synergies among the benefits of hydro dams and 
negative impacts on the livelihoods of local communities.

Mekong River Basin, one of the most 
populated and densely dammed 
watersheds, has experienced 
significant changes in its ecosystems 
function and services over the past 
decades due to hydropower dam 
constructions.

A NASA LCLUC Project

With support from NASA 
LCLUC program, a group of 
scientists from Michigan 
State University, Virginia 
Tech. University, and 
Applied Geospatial 
Resolutions, together with 
more than a dozen 
scientists, engineers, 
decision makers and 
managers, developed a 
water-energy-food nexus 
approach that integrated 
satellite and ground-based 
observations, hydrological 
and ecological models, and 
socio-economic models to 
better understand the nexus 
of water, energy and food 
and how it affects the 
livelihoods of local 
communities. 

~38,000

~160 in the basin
13 on Main Stream
Many more planned



Water Resources, Uses, and Services



1) UNDERSTANDING HUMAN AND CLIMATE IMPACTS ON WETLAND/RICE
ECOSYSTEMS IN THE LOWER MEKONG RIVER BASIN

US Co investigators:
@MSU: Jiaguo Qi (PI), Dan Kramer, David Hyndman, Jinhua Zhao, Joseph Messina, Peilei Fan, William 
McConnell and Yadu Pokhrel;  @AGS:  Nathan Torbick and William Salas; @VT: Venkataramana Sridhar

Int’l Partners:
Sura Pattanakiat,Mahidol University, Thailand. Apisom Intralawan,Mae Fah Laung University, Thailand. Charlie Navanugraha,Nakhon Phanom 
University, Thailand. Le Duc Trung, Vietnam National Mekong Committee, Vietnam, Pham Tuan Phan,Mekong River Commission, Laos. Vu Ngoc 
Ut,Can Tho University, Vietnam. Siam Lawawirojwong,GeoInformatics and Space Technology Development Agency, Thailand. Tep 
Makathy,Cambodian Institute for Urban Studies, Cambodia. Zaw Naing, Mandalay Technologies, Myanmar. Aiko Endo, Research Institute for 
Humanity and Nature, Japan. Anik Bhaduri, Sustainable Water Future Programme, Australia. Thongchai Suwonsichon, Kasetsart University, 
Thailand.

2) ASSESSING THE IMPACTS OF DAMS ON THE DYNAMIC INTERACTIONS AMONG DISTANT
LAND USE AND RURAL COMMUNITIES IN THE

LOWER MEKONG RIVER BASIN
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From Bangkokpost,  March 18, 2018

Our team hopes to generate 
the needed information and 
knowledge to help develop 
pathways to improve dams 
(management) and reduce 
negative societal impacts.



Social Impacts and Responses
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Ecosystem Functions
Hydroperiod, phenology, thermal regulation 

and greenhouse gas emissions
Ecosystem Services

Cropping potentials, biomass, NPP, 
and plant biodiversity

Wetland Dynamics
Wetland types, structure, composition, area 

expansion/shrinking, and rate of change. 

Social Drivers of LCLUC
Local and use attributes and socioeconomic 

drivers of land use changes

Societal Responses
Typology of adaptation and mitigation

Trade-offs and Tipping Points
Ecosystem services and human wellbeing across 

space and time

Synthesis and Strategies
Synthesis scenarios, planning, adaptation and 

future development strategies 

Trade-offs and Governance Options
 Socio-ecological and socio-economic analyses of ecosystem services 
provided by coupled dams, irrigated agriculture, wetlands, and lakes 
and their trade-offs across space and time
 Basin wide water strategies

Case studies at watershed and community levels

Drivers of Ecosystems Change
Climate Change

Spatio-temporal 
variability in 

precipitation & 
temperature

Land Use/Cover Change

Agricultural intensification, 
irrigation & land use  change

Large-scale, recent past
Fine-scale, time series

Hydroelectric Dam Construction

Site characteristics, water 
storage and regulation of flows

Location and regulation
Surrounding LCLUC

Hydrological Processes

Spatio-temporal changes in river flow, floodplain inundation 
dynamics, groundwater, and reservoir storage

Impacts on Lake and Wetland Ecosystems

Both basin and local watershed scale modeling

Lake Phenology and Services
Lake phenology, water volume, 

quality and fish production 

Wetland Ecology and Processes
Wetland vegetation, inundation, 

nutrient retention and greenhouse 
gas emissions

Demographic Dynamics

Population size, household structure, 
livelihood systems

Ecosystem services trade-offs
Social motivation, consequences and 

adaptation strategies

WEF Nexus approach to 
model the dynamic 
interactions among 

water, energy, food and 
land uses that have 

significant implications to 
the livelihoods of local 

communities. Some are 
benefited by the dams 
and water availability 

while others negatively 
affected by ecological 

degradation of the very 
ecosystem services that 
they have relied on for 

centuries.



Lin & Qi, 2017, ERL, 158: 24-32   



Pokhrel et al., 2018



TWO-WAY WATER FLOW IN TONLE SAP RIVER

Pokhrel et al. 2019



INTEGRATING LAND USE CHANGE IN MODELING



Southeast 
Asia?





Red – Disturbed wetlands
Blue – Undisturbed wetlands
Green: Commissioned dams

Red – Presence of human activity
Blue – Absence of human activity













Land as W-F Nexus
Land use affects:

• Soil moisture regime
• Surface water distribution
• Ground water withdraws

• Crop production
• Fishery production

• Livestock production
• Fresh produce

• …. 
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ENERGY
Fossil fuel

Biofuel
Hydropower

Solar or wind 
energy

L as W-E Nexus
Land use affects:

• Water resources availability 
• Water quality

• Biofuel production
• Fossil fuel extraction
• Dams for hydropower

• ….

L as F-E Nexus
Competing land uses:

• Crops vs biofuel
• Fisheries vs hydropower
• Livestock vs fossil fuel

• Produce vs solar panels 
• Land for wind mills

• …..
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Figure 6. An example land use nexus with water, energy, and food systems in the Mekong River Basin.  



Summary Finding



Intralawan et al., 2019



Intralawan et al.,



CONCLUSIONS

• WEF systems in major river basins are highly complex, and 
there is a need to collaborate across sector, scale, and 
borders for national and regional sustainability

• Trade-offs are critical priority research to balance the 
long- and short-term needs

• Traditional knowledge largely ignored
• Models have been built and useful for scenario analysis, 

this policy implications
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