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• Background to the South/Southeast Asia Research Initiative(SARI)

• SARI Outputs and Updates

• SARI Southeast Asia Synthesis Vietnam Meeting Summary

• SARI South Asia Synthesis Meeting forthcoming

Outline



How SARI started-Strong interest from regional scientists

Jan-10-13th, 2013-LCLUC Regional Science Meeting, Coimbatore

Total participants =120
US – 18 researchers; Nepal-3; Srilanka-2; Myanmar-1; Afghanistan, Myanmar, Bangladesh-1 each  

Pakistan, China invited but could not attend – Visa issues

India – University Researchers, Government, Non-Government, NGO’s



Meeting Summary- SARI Research Needs and  
Priorities - The Earth Observer

March/April 2013
http://eospso.gsfc.nasa.gov/eos_homepage/for_scientists/earth_observer.php

• Focus LCLUC thematic areas
• Collaborative projects 

focused on Asia
• Strengthen Research ties

with various organizations
• Training opportunities
• Data access (how to access  

ISRO satellite data)

Needs Identified

http://eospso.gsfc.nasa.gov/eos_homepage/for_scientists/earth_observer.php


NASA Land Cover/Land Use Change (LCLUC)Program  
South/Southeast Asia Research Initiative (SARI)

-Balancing Act
-Research + outreach activities should be blended to achieve successful science outputs

Goal: To develop an innovative research, education, and capacity building program involving  
state-of-the-art remote sensing, natural sciences, engineering and social sciences to enrich  
LCLUC science in South/Southeast Asia.

Dr.Krishna Vadrevu, SARI Lead, NASA MSFC
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S.No 2015 Region PI Theme

1
Tropical Deciduous Forests of South Asia: Monitoring Degradation
and Assessing Impacts of Urbanization South Asia

Ruth De Fries,Columbia
University

Forest degradationand
urbanization

2

Understanding Changes in Agricultural Land Use and Land Coverin
the Breadbasket Area of the Ganges Basin 2000-2015: A  
Socioeconomic-Ecological Analysis South Asia Li Ping Di Agricultural land use

3
Impacts of Afforestation on Sustainable Livelihoods in Rural
Communities in India South Asia

Forrest Fleischman/Texas
A&MUniversity

Afforestation and
sustainable livelihoods

4
The Future of Food Security in India: Can Farmers Adapt to
Environmental Change? South Asia

Meha Jain, University of
Michigan

Food security and
adaptation

5

Complex Forest Landscapes and Sociopolitical Drivers of
Deforestation - The Interplay of Land-use Policies, Armed Conflict,  
and Human Displacement in South Asia

Peter
Leimgruber/Smithsoni
an  Institution

Deforestation, armed  
conflicts andpolicy

6
Understanding the Role of Land Cover/Land Use Nexus in Malaria  
Transmission Under Changing Socio-Economic Climate in Myanmar South Asia

TatianaLoboda/University  
of Maryland Malaria

7
Urban Growth, Land-Use Change, and Growing Vulnerability in the  
Greater Himalaya Mountain Range Across India, Nepal, andBhutan South Asia Karen Seto/Yale University

Urbanizationand  
vulnerability

8

Landscapes In Flux: The Influence of Demographic Change and
Institutional Mechanisms on Land Cover Change, Climate  
Adaptability and Food Security in Rural India South Asia

Philip
Townsend/University of  
Wisconsin-Madison

Food security and  
adaptation

9
Consequences of Changing Mangrove Forests in South Asia onthe
Provision of Global Ecosystem Goods and Services South Asia

Jeffrey Vincent/Duke
University

Mangroves andEcosysltem
services

10
Spatiotemporal Drivers of Fine-Scale Forest Plantation  
Establishment in Village-Based Economies of AndhraPradesh South Asia

RandolphWynne/Virginia
Polytechnic Instituteand  
State University

Plantations and  
agricultural transitions

SARI Projects - ROSES-2015 Selections

(10 projects over South Asia)



S.No 2016 Region PI Theme

11
Agricultural Land Use Change in Central and Northeast Thailand:  
Effects on Biomass Emissions, Soil Quality, and RuralLivelihoods Southeast Asia

Varaprasad
Bandaru/University of  
Maryland, College Park Emissions, soil quality

12
The Agrarian Transition in Mainland Southeast Asia: Changes in
Rice Farming - 1995 to 2018 Southeast Asia

Jefferson Fox/East West
Center Rice Farming

13

A Cobra in the Forest? Quantifying the Impact of Perverse
Incentives from Indonesia's Deforestation Moratorium, 2011to  
2016 Southeast Asia Matt Hansen, Umd

Deforestation,  
moratorium policies

14
Land-Cover/Land-Use Change in Southern Vietnam Throughthe
Lenses of Conflict, Religion, and Politics, 1980s toPresent Southeast Asia

Jessica McCarty,Miami
University

Land use change, religion
conflicts and policies

15
Land Use Status, Change and Impacts in Vietnam, Cambodiaand
Laos Southeast Asia

Son Nghiem/Jet
Propulsion Laboratory Land use change

16

Assessing the Impacts of Dams on the DynamicInteractions
Among Distant Wetlands, Land Use, and Rural Communities inthe  
Lower Mekong RiverBasin Southeast Asia

Qi, Michigan State  
University Water resources

SARI Projects - ROSES-2016 and 2018 Selections

(6 projects on Southeast in 2016; 4 on Southeast and 2 on South Asia in 2018; 3 more in 2019)



S.No 2020 PI Theme

23Where are the Missing Burned Areas? Global Hotspots of Burned Area - A
David Roy, Michigan  
State U Burned area mapping

Multiresolution Analysis
24Global Hotspots of Change in Mangrove Forests Marc Simard, JPL Mangrove mapping

25
Multi-Resolution Quantification and Driver Assessment of Hot Spots of  
Global Forest Disturbance

Alexandra Tyukavina,  
UMD

Forest disturbance  
mapping



LCLUCMeetings



Collaborations are the Key - Meetings Facilitated with Different Partners



Meeting Summaries – NASA Earth Observer  
Thematic Meeting on LCLUC and Air Pollution in Asia,Feb-2023



Volume-I

Volume-II and III
~180 peer reviewedpublications

Volume-I, 2 and3Volume-I, 2 and3

Peer-Reviewed Journal Publications – 17 different Special Issues



LCLUCOutputs



SARI 8 YEARS OFSCIENCE
~30projects and  
more being  
added
>400 scientists
>200 institutions

South-SoutheastAsia
Oct-2013 – India Meeting – SARI idea proposed  

2015-SARI First SARI Solicitation

Nearly 450  
publications  
in Peer  
reviewed  
journals  
and Books16-different  

Special  
Issues in  
Journals



Promoting Open Source Tools and  
Cloud Computing Platforms For  

LCLUC Research (Ex: GEE)

Training Workshop, Royal Agriculture University, Cambodia, 2023

International Training Events



•SARI PI’s documented several  
LCLUC involving past and

Recent changes.



Land Conversions- Past 50 or more years ago versus  
Recent 20 years

Land Conversion for Subsistence Agriculture  
through Slash and Burn

Land Conversion for Industrial Plantations (Oil Palm and  
Rubber in Southeast Asian countries



Urbanization - Past 50 or more years ago versus Recent 20 years

Horizontal expansion

Vertical Expansion



Smallholder farms Large scale industrial farms

Agriculture - Past 50 or more years ago versus Recent 20 years



•Need for Synthesizing these studies!

•What is Synthesis ?







• South Asian smallholder forests and other tree-based systems: synthesizing 
LCLUC data and  approaches to foster a natural climate solution that 
improves livelihoods – David Skole (MSU)

• Southeast Asia Synthesis – Son Nghiem (JPL) and Peilei Fan (Tufts U)

• Synthesis Study of Land Cover, Land Use, and Demographic Change 
under Multi-Dimensional  Developments and Climate Pressures in 
Southeast Asia - Son Nghiem (JPL, USA)

• Decoding Land Transitions across the Urban-Rural Continuums (URC): A 
Synthesis Study of Patterns,  Drivers, and Socioenvironmental Impacts in 
Southeast Asia - Peilei Fan (Tufts University, USA)

3-different Synthesis Projects Funded





1.Supervised Classification Algorithms:
1. Maximum Likelihood Classification (MLC)
2. Support Vector Machines (SVM)
3. Random Forest (RF)
4. Decision Trees (DT)
5. Neural Networks (NN)
6. k-Nearest Neighbors (k-NN)
7. Gaussian Mixture Models (GMM)

2.Unsupervised Classification Algorithms:
1. K-means clustering
2. ISODATA (Iterative Self-Organizing Data Analysis  

Technique)
3. Self-Organizing Maps (SOM)
4. Hierarchical Clustering

3.Object-Based Image Analysis (OBIA):
1. Segmentation algorithms (e.g., Mean Shift, Watershed,  

Graph-based segmentation)
2. Classification algorithms applied to segments (e.g., SVM,  

RF)
4.Fuzzy Logic and Expert Systems:

1. Fuzzy classifiers
2. Expert systems combining rules and knowledge

5.Feature Selection and DimensionalityReduction:
1. Principal Component Analysis (PCA)
2. Linear Discriminant Analysis (LDA)
3. Independent Component Analysis (ICA)

1.Deep Learning Algorithms:
1. Convolutional Neural Networks (CNN)
2. Recurrent Neural Networks (RNN) for temporal  

analysis
3. Fully Convolutional Networks (FCN)
4. U-Net
5. Deep Belief Networks (DBN)

2.Ensemble Methods:
1. Bagging
2. Boosting
3. Stacking

1.Semantic Segmentation:
1. Algorithms designed for pixel-wise classification  

while considering spatial context
2. Deep learning-based methods such as FCN, U-Net

4.Transfer Learning:
1. Leveraging pre-trained models on large datasets  

and fine-tuning for land cover mapping tasks

5.Data Fusion Techniques:
1. Combining information from multiple sensors (e.g.,  

optical, radar, LiDAR) using fusion algorithms.

Development  
of Novel  
Algorithms

Rapid development in Mapping Algorithms in the recent 20-years



Synthesis Studies – Quantitative Framework

Synthesis  
Report



First Synthesis Kickoff meeting Southeast Asia –
January 31st – February 02nd, Hanoi, Vietnam

Local Host: Vietnam National Space Center (VNSC); Total participants: 70 



Day-1 - January 31st (Wednesday)
• Session-I: Opening Session
• Session-II: Programmatic and Space Agency Presentations
• Session-III: Land Cover/Land Use Change
• Panel Discussion

Day-2 - February 1st (Thursday)
• Session-IV: Urban Land Cover/Land Use Change
• Panel Discussion
• Session-V: LCLUC, Agriculture and Water Resources
• Panel Discussion

Day-3 - February 2nd (Friday)
• Session VI. Fires, Greenhouse Gas Emissions, and Pollution
• Session VII. Discussion Session on Synthesis

Meeting Themes



Q1. What are the current (last 3-years) major trends in LCLUC 
occurring in your country? What are your projections for these 
changes? (LCLUC, Agriculture, Urban, Atmosphere – separate 
panels)

Q2. What are the major positive and negative implications and 
impacts of these changes?

Q3. How can LCLUC related research help inform more sustainable 
land use policies?

Panel Discussion Questions



Vietnam – agricultural transitions to urbanization is most concern. and 
agriculture conversion is most important; Farms conversion to aquaculture 
during the boom; however, now the land lost productivity; COVID impacted real 
estate business, thus, more abandoned lands can be seen.

Myanmar – Past 3-years; Political reasons/policy/civil war. Apart from 
urbanization, industrial development, mining is most important and problematic. 
Myanmar-Chinese border is most concern. 

Indonesia – Forest degradation stabilized in recent years; Agricultural transitions 
are occurring at a rapid pace

Thailand – Urban expansion to rural areas; holiday resorts increasing (driving 
land prices) in rural areas

Major Trends in LCLUC in Recent Years



Vietnam: Positive: living standard have increased in some places due to 
development; 

Negative: Issues of pollution, ecological damage impacting ecosystem 
services, etc.

Myanmar: GDP growth due to real estate boom. 
Mining impacts are huge; land and forest degradation is 

rampant.

Indonesia: Urbanization expansion
Transportation issues are huge.

Thailand: land prices are increasing; supply chain dynamics are changing. 
Farmers are not getting rich, but land owners are!

Impacts of LCLUC in Recent Years



• Develop methodologies that highlight environmentally safe and sustainable 
solutions

• End-to-end studies on LCLUC impacts, management and planning
• Policy sector advocacy
• Stakeholder engagement
• Modeling future scenarios with good methodologies
• Promoting innovation, integrating latest scientific data and evidence based 

studies to reach policy
• Need for LCLUC linking environmental justice studies
• Invite and engage policy makers in scientific meetings
• Promote research through building projects, capacity building and training 

activities

How can research help inform sustainable land use policies



Meeting Outputs – Focus issue in ERL solicited
Earth Observer Report (In progress)



Meeting Outputs – Already ONGOING Journal Special Issues

Remote Sensing journal: Guest Editors: Vadrevu, 
Justice and Gutman

Environmental Pollution: Guest Editors: Vadrevu, Ohara and 
Justice



International Meeting on Land Cover/Land Use Change (LCLUC) in 
South Asia and Synthesis – April 9-11th, Haryana, India

Local Host: Ashoka University, Sonipat, Haryana



Vision, support and  
guidance to build  
the SARI regional  
science initiative

Dr. Gutman (NASA HQ)  
and

Prof. Justice (UMd)
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