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LCLUC Program Content

>300 projects since
t N2 3INJ YQa

Carbon and

Each year. Biogeochemical Cycl
* ~40 3yr projects W

* ~300 researcheg

Predictive Land Use
Modeling Ecosystems and

14% Biodiversity Impacts
8%

Observations and Data/
Detection and Monitoring
of LCLUC

Drivers of Change
27%

11%
Impacts - 1/3
Monitoring - 1/3
Synthesis, other 1/3

http://Icluc.hg.nasa.gov



LCLUC GLOBAL SCIENCE PROGRAM

A Socieeconomic component as an integral part of projects

A Remote sensing component

A MuSLKMulti-Source Land Imaging) component
A Social science is not required
A Multiple-sensor 1630m resolution data are to be used

A Pilot Project: Assessment of commercial high data
A Augmentation for selected LCLUC projects

A Regional Initiatives, geographic focus

A Capacity Building/Education component



LCLUC Science Team Meetings

Washington: spring Blossom

2007: Climate/Carbon

2008: Joint CC&E Focus Area meeting
2009: LCLUC impacts on climate

2010: GLS LCLUC products

2011: 15" Anniversary (review/update)
2011/9: Agriculture (Joint CC&E FA)
2012: Urban

2013: Wetlands

2014: Urban

2015: Early Career Scientists (Joint CC&E FA)
2016: 20" Anniversary/Industrial Forests
2017: Mountains & MuSLI

2018: SARI-1: South Asia & MuSLI
2019: SARI-2: SE Asia & Caucasus
2020: MuSLI (two rounds)+High Res.

International Regional
2007/9: NEESPI/MAIRS Urumgi, China e
2009/1: MAIRS Kohn Kaen, Thailand B T Y eaTUs0
2009/9:MAIRS/NEESPI Almaty, Kazakhstan
2010/8: NEESPI Tartu, Estonia

2011/11: MAIRS Hanoi, Vietham

2013/1: MAIRS Coimbatore, India

2013/11: NEESPI/MAIRS Tashkent, Uzbekistan
2014/10: NEESPI: Sopron, Hungary

2016/1: SARI/MAIRS: Yangon, Burma/Myanmar
2017/7: SARI/MAIRS: Chiang Mai, Thailand
2018/5: SARI: Manila, Philippines

2019/7: SARI: Johor Bahru, Malaysia

2020: TBD




INTERNAL LINKAGES
@ NASA




EXTERNAL LINKAGES: NATIONAL

A USGS
A Selected Landsat & MuSLIScience Teams
A USAID through Applications Divisions

A SERVIR &cronym standing for Mesoamerican Regional Visualization and Monitoring
System in Spanish)

A PEER Partnerships for Enhanced Engagement in Research)
A USFS

A Global Forest Observations Initiative (GFOI)
A Private sector: Planet Lab, Digital Globe

A Data Buy



EXTERNAL LINKAGES: INTERNATIONAL

GOFC-GOLD

CEOSIGEO

Future Earth

SERVIR

EARSel-LULC Special Interest Group

ESA and EU institutions

NIES (Japan)

GISTDA (Thai Space Agency)

AEire IT office at UMD
ASTART Inc. activities
ARegional Information Networks

IGFOI
AGEOGLAM

AGlobal Land Program (GLP)
ANEFI
Auture Asia

ASARI (Himalaya and Mekong hubs)
AThe new hub in Latin America

AJoint biennial workshop in Europe

ALandsat -Sentinel products under MuSLI

AJoint annual workshop in Asia

AJoint annual capacity building trainings



THE ROLE OF SOCIAL SCIENCE'IN LCLUC
PROGRAM

A Social and economic science research includes
A impacts of socieeconomic changes on LCLUC
A impacts of LCLUC on society

A adaptation to climate/environmental change of lanelse systems

A During the last 12 years, the Social/Economics Science
component has been a mandatory part of all LCLUC
proposals, unless otherwise stated in the solicitation



INTERNATIONAL REGIONAL INITIATIVES

S = s

AESRENGIPt Za |\ Z . N

A. T OOEAOT %OOAOE Agmd
Initiative (NEFI, formerly 3

’: _,. ("? éﬁﬁg&entst

Pasha Groisman,

NEESPI
E LCLJC 2016: Caucasus MO Y
element
A MAAIRS under Future Asia G\ | Project Scientist
Coordinated with SARI 2 A \l;ﬁl:glﬁf@ .

A South/Southeast Asia Research
Injtiative (SARI)
Pre- SARI rojects

A LCLUC-2015: South Asia
A LCLUC-2016: Southeast Asia
A LCLUC-2018: Asia

Project Scientist
SARI
Krishna Vadrevu,

gNASA VIS=e




NEESHNEFI ACCOMPLISHMENT

Active NEESPI-NEFI Projects by year

m NASA
| Other
Agencies/Countries
over 1500
papers and
40 books

>750 scientists
>200 institutions
>170 projects

- LCLUC-2016
g N E ES Pl A N E Fl selected 3 projects
>80 Ph.D. students (on Caucasus)

Synthesis by Peilei Fan for Siberia (urbanization)



Eurasian Arctic
Land Cover and
Land Usein a
Changing Climate

Q) Springer

Springer 2010

NEESHICLUC BOOKS

Qe gt L evvemmend o e e pod | gmeerny

Pavel Ya. Grotsman
Gank Gutman Fdton

Springer 2012

LCLUC in Central Asia to be published in

2018- 2019

Placeholder
s for the Central
S Asia book
Land-Cover and
Land-Use Changes
in Eastern Europe
after the Collapse
of the Soviet Union

in 1991

£ Springer

Springer 2017




THE SOUTH/SE ASIA RESEARCH INITIATIVE (S

Goal: Develop an innovative regional research, education, and capacity building program
involving state-of-the-art remote sensing, natural sciences, engineering and social
sciences to enrich Land Cover/Land Use Change (LCLUC) science in South/SE Asia

o2
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A 20+ ongoing projects on SARI region
A Interactions with two SERVIR hubs:

A Mekong and Himalaya
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A Series of regional SARI workshops a
trainings

;““‘ﬂ Z

2000 Miles

A Easy to communicate with researchers ano
stakeholders (no language barrier)

S expected that the program will

A advance LCLUC science in the region

A strengthen existing and build new
collaborations between US and
South/Southeast Asia researchers

A help develop regional scale LCLUC models
useful for decision support

A Dedicated student support from Universitélst '
A High tech and computer literacy



NASAMAIRS PREARI STUDIES




PRESARI SYNTHESIS PROJECTS

A Atul Jain/U. of lllinois A PeileiFan, Michigan State. U.

A Land Cover and Land Use A Urbanization-and Sustainability
Changes and Their Effects Under Global Change and
gr(‘)&ﬁrgr?g ggﬂt?]mégsst'gcig_ Transitional Economies: Synthesis
A Synthesis Study from Southeast East:and Nort? waw

Asia w@

A Setq Karen yYale U.

A Jeff Fox, Eadtest Cente ﬁ
- Synthesis of LOLUC studies -_'jf’:' :

Hawall G

A Forest, Agricultural, and
Urban Transitions in :
Mainland Southeast Asia: Directions forRemote Sensing
Synthesizing Knowledge Stienee 14
and Developing Theory



LAND COVER AND LAND USE CHANGES AND THEIR EFFECTS ONMIARBRON DY

SOUTH ANBOUTHEAZRSIA >
PI:ATULJAIN (U. ILLINOIS) 4

) 4

Data: ESA CCI land cover data to reveal the dynamics of forest and agricultural land from 1992 to 2015
Hot Spot Analysis technique; principle component analysis; Geographically Weighted Regression model
The hotspot regions conversions between forest and agricultural land are in Kalimantan, Sumatra, East India, and theshHidakayan region

Relative importance of biophysical and socioeconomic drivers varied in different countries

o I > I >

Roughly equal contributions from biophysical and socioeconomic drivers were observed in Bhutan, Philippines, Sri Lankantihdietnam

Number of case studies
10 2 30 0

Firewood/Construction Material
A Lack of Electricity
Forest area loss Wooden Furnitures
= Forest area gain Sheep Overbrowsing
'ooden Furnitures/Timber
Lack of Irrigation
Low incomes

Research level

> National level Low Infrastructure for Agriculture

a
* State/province level , . P . / . Wooden Furnitures/Timber ining/Quarrying Activities
District level 2 8 . Notation o Cattle overgrazing ndustrial Development
* Group of districts or villages i NS & 1 2 @ Forest gain s ' ow Agricultural Productivit

Shrublan

Village level K = B : ¥ @ Forest loss
Hotspot region at 99% confidence interval R 5 > @® UTL -> Crop
22\ Forest to agricultural land & ol » . ’ g 5 @ Crop-> UTL
&/ Agricultural land to forest 2 ) O 4
Color coding B R T~ PR :go- jggokr: 3 Mining/Quarrying Activities
S Coconut Plantations (Encroached)
360 - 500 <n t Protected areas (-ve)

Xu et al. (GCB, 2018) Roy et al. (RS, 2017) Meiyappan et al. (REC, 2017)

Spatial distribution of LULCC driver case
studies and hotspot regions for LULCCs LCLUCSs specific for India Drivers of LCLUCs

specific for India



FOREST, AGRICULTURAL, AND URBAN TRANSITIONS IN MAINLAND SOl
ASIA: SYNTHESIZING KNOWLEDGE AND DEVELOPING T
Pl.JEFFERSON FOX (EAST WEST CENTER, HAWAII)

Objectives land- -cover change classmcatlon
A Synthesize existing approaches for mapping the expansiorgas ; N A

uplandboom crops and the growth of urban areas througho
Mainland SE Asia.

A Enhancethe conceptualinderpinningsof land-changescience fi
by linking land changedo local, national,andinternational ‘
drivers

Methods:

A Map the expansiorof urbanareasanduplandtree plantations
usingtime-seriesLandsatdataandGoogle Earthmages Use
MODIS EVI time-seriesdataandtraining areasderivedfrom
Landsatclassificationso mapchangeat regionalscales

A Conductfocusgroupdiscussionsandhouseholdnterviewsfor
a sampleof forests treeplantations andperiurbanareasn
Cambodia Laos,andVietnamto produceanlntegrated
understandingf LCLUC :

Phnom Penh . @/
L

10 Rotational Agriculture ubber (from F 2006-2008)

[ Country boundaries 11 New Water 262 Rubber (from DF 2006-2008)
MW Unclassified 12 Orchards 2 ubber (from LVA 2006-2008)

1 Water 13 Expansion of LVA 2 ubber (from F 2009-2011)

2 Forest (F) 14 Pineapple (permanent t) 292 Rul 2009-2011)

3 Deciduous Forest (DF) 16 Eucalyptus 21 Rubber (frol 2012-2014)

5 Low Vegetation Area (LVA) 17 Coffee M 322 [Rubber (fr F 2012-2014)

8 Rubber (before 2003) 231 Rubber (from F 2003-2005) 1061 Sugarcan m -2008)
B 9 Cashews (permanen t) 233 Rubber (from LVA 2003-2005) 1092 Sugarcane (from DF 2009-2011)

4 A Cambodia and Laos: mainly new rubber
A Vietnam: old and new rubber as well as cashew, coffee,
and new eucalyptus plantations




URBANIZATION AND SUSTAINABILITY UNDER GLOBAL CHANGE

AND TRANSITIONAL ECONOMIES
PI:PEILEFAN (MICHIGAN STATE UNIVERSITY)

Webpage: Senacgc . Org Left: Urban built-up land in Vietnam, Cambodia, Laos, and Myanhmar in 2010

with a spatial resolution of 30 m
Right: The increasing trends of DMSP/OLS NTL brightnessin 1992-2010

Vietnam: urbanization and sustainability T ~ v A R .. =

1. rapid urban land expansion in Vietnam ) ¥ - iy |

2. cities >1 million had more rapid growth in ; ; 3
urban land & population; most built-up land
converted from farmland (Hanoi and HCMC)

3. urban environments (PM, s and NO, ) in large
cities degraded; poverty was alleviated,

4. Coupled dynamics (PLE-SEM)

A economic dev. influenced urbanization

A urbanization & economic dev. contributed to
environmental deterioration while promoting
the social conditions.

20°0'0"N4~~

100°0'0"E 105°0'0"E 110°0'0"E

Mata:LandsatDMSP/OLS night time light, MODIS NDVI datd
other ancillary spatial data
AGoal: Develop a 3t resolution urban buitup map of 2010 for
transitional economies in Southeast Asia
AConclusions

A Vietnamhad the highest proportion of urban builip

area, followed by Myanmar, Cambodia and Laos. '}_- ; : i i L
A Vietnam was also the fastest in new buifp Bk — i
development (increased ~8t8nes during the 18 o s w 2

year study period)

Urban land expansion of HCMC and Hanoi



o

WHAT WE HAVE LEARNED FROM
PRESARI SYNTHESIS

Population growth => rapid urban expansion on rural and agricultural lands => loss of agri.-lands
Prevalent commodity crops (rubber and palm) prices=> deforestationt

LYy alAyftlFyR {9 ! Al GKS a7FI N0 SignalingRhed antl & Mist
rice field expansion but rice production per hectare has increased by an average of 205% => food
LINE RdzOUOA2Y m YR F22R 0O02aia @

In the Himalayan Regiomigration of young people from rural area to cities and abroad for labor has
led to forest increase

Largescale landcover conversion for commodity crops => changes in carbon cycle and air quality
degradation (due to biomass burning)

The hotspots of conversions: Kalimantan, Sumatra, East India, Mainland SE Asia
Economic development initiatives => regional landscape fragmentation

Vietnam has the highest proportion of urban builip area and is the fastest in new builtp
development; d@ties >1 million had more rapid growth in urban land & population; urbanization &
economic development>environmental deterioration while promoting the social conditions

Counties in India that are more dependent on fiscal transfers from the central government convert
cultivated land to urban use



ADDITIONAL PSEARI NASA LCLUC PROJEC
(MUSLAND INDUSTRIAL FORESTS)

Courtesy: Nathan Torbick, AG SRS R X

A William Salss, AppliedGeosolutions

Tonle Sap, Cambodia =S8
Sentinel-1A Rice ;
Inundation Dynamics
Time Series

A Operational Algorithms and Products
for Near Real Time Maps of Rice
Extent and Rice Crop Growth Stage
Using Multi - Source Remote Sensing

renced Field Photo Library

A Jinwei Dong U. Oklahoma

A Mapping Industrial Forest Plantatiorf &+ TN '
in Tropical Monsoon Asia Through | == Wi opes
Integration of Landsat and PALSAR]} = ¢

A David Skole Michigan State U. ~ oy

A Monitoring and Mapping the Area, Extent
and Shifting Geographies of Industrial
Forests in the Tropics

Plantation fractional
cover for western
West Kalimantan,
Indonesia

Other LULCs

The spectral analysisased land use/lan
cover map based tHE dataset in Sabah & '
and Sarawak, 2003. e —


http://lcluc.umd.edu/people/william-salas
http://lcluc.umd.edu/projects/operational-algorithms-and-products-near-real-time-maps-rice-extent-and-rice-crop-growth-2
http://lcluc.umd.edu/people/jinwei-dong
http://lcluc.umd.edu/projects/mapping-industrial-forest-plantations-tropical-monsoon-asia-through-integration-landsat-2
http://lcluc.umd.edu/people/david-skole
http://lcluc.umd.edu/projects/monitoring-and-mapping-area-extent-and-shifting-geographies-industrial-forests-tropics-2

Mangrove forest cover change 1990-2005
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Tree Cover Extent and
Forest Loss and Gain: 2000-2014

Tree Forest T
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Matt Hansen et al., U. Maryland



NASASARI SCIENCE

Will be based on the pr8ARI
projects and ongoing projects
from

A LCLUQO015 selections for
South Asia

A LCLUQO016 selections for
Southeast Asia

A LCLUQO018 selections on Asia

Applications
in South and
Southeast Asia

PAONRS)

@ Springer



LCLUC-2016: Ongoing SARI SE Asia Projects

Qi, Jiago
Mekong Region

Hansen, Matt
Indonesia

Michigan State U.

U. Maryland

Assessing the impacts of dams on.the dynamic interactions
among distant wetlands, land use, and rural communities in the
Lower Mekong River Basin

Quantifying the impact of perverseincentives from Indonesia
deforestation moratorium, 2011 to 2016

Fox, Jeff
Mainland SE Asia

East-West Center, Hawaii

The agrarian transition in Mainland Southeast Asia: Changes
in rice farming 1995 to 2018

Thailand

McCarty, Jessica Miami U., Ohio Land-cover/land-use change in southern Vietnam through
) the lenses of conflict, religion, and politics, 1980s to present
Vietham
Nghiem, Son JPL
Mekong ReQ|0n Land Use Status, Change and Impacts in Vietham, Cambodia
and Laos
Bandaru, Varaprasad U. Maryland Agricultural Land Use Change in Central and Northeast

Thailand: Effects on Biomass Emissions, Soil Quality, and
Rural Livelihoods




LCLUC-2016: Ongoing NEFI (formerly NEESPI) Projects

Radeloff, Volker

U. Wisconsin

Long-term land degradation in the Caucasus

Caucasus

Olofsson, Pontus Boston U. Comprehensive analysis of thirty years of land changein
Georgia: patterns, carbon dynamics and drivers

Caucasus

de Beurs, Kirsten U. Oklahoma Land Use Patterns and Political Instability as Predictors for

Caucasus

the Re-emergence of Malariain the Caucasus.




DATA PRODUCTS

A NASA promotes the free and open sharing of data

A USGS Landsat data for free distribution

A LCLUC expects it<¥io make their data and products available tc
the broader community

A Data sharing is strongly encouraged

A NASAUSGS Landsat Global Land Surveys76)-$0, 2000, 2005,
2010

A WELD mosaics

A Global
A Forest/Change
A Mangroves/Change
A Impervious Surfaces/Urban/Change
A Agriculture/Change

A Projects inventory on maps
A Metadata page on the LCLUC web gi0+ projects represented
(only 3 on SE Asia!)



World
e Global

Oceania

e Australia and Oceania

p—

ALL PROJECTS MAPPED

Europe

Europe
Caucasus
Eastern Europe
Western Europe
European Russia

Asia

e Asia

e Siberia and Russian Far East
e Middle East

Southeast Asig

e South Asia
e Central Asia

Africa

Africa

North Africa
Central Africa
East Africa
West Africa
Southern Africa

Americas

North America
Alaska
Continental U.S.
Mexico

Canada

Central America
Caribbean
South America
Amazon Basin



THE INVENTORY OF
SE ASIA PROJECTS

Displaying 1- 10 of 10

Principal Investigator

-Any-
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Jiaguo Qi

Matthew Hansen

Jefferson Fox

Varaprasad Bandaru

Son Nghiem

Jessica McCarty

Tatiana Loboda

Karen Seto

Ruth DeFries

Krishna Vadrevu

Current Projects Southeast Asia

Search by Title

: oo | e

Assessing the Impacts of Dams on the Dynamic Interactions Among Distant Wetlands, Land Use, and
Rural Communities in the Lower Mekong River Basin

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

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

Agricultural Land Use Change in Central and Northeast Thailand: Effects on Biomass Emissions, Soil
Quality, and Rural Livelihoods

Land Use Status, Change and Impacts in Vietnam, Cambodia and Laos

Land-Cover/Land-Use Change in Southern Vietnam Through the Lenses of Conflict, Religion, and
Politics, 1980s to Present

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

Urban Growth, Land-Use Change, and Growing Vulnerability in the Greater Himalaya Mountain
Range Across India, Nepal, and Bhutan

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

South/Southeast Asia Research Initiative (SARI)

05/01/2018

05/01/2018

05/01/2018

05/01/2018

05/01/2018

05/01/2018

05/01/2017

05/01/2017

05/01/2017

12/01/2015

05/01/2021

05/01/2021

05/01/2021

05/01/2021

05/01/2021

05/01/2021

05/01/2020

05/01/2020

05/01/2020

12/31/2021

Past Projects Southeast Asia

Displaying 1 - 24 of 24
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William Salas

Peilei Fan

David Skole

Jefferson Fox

Yuanwei Qin

Atul Jain

Stephen Leisz

Chandrashekhar

Biradar

Xiangming Xiao

Lisa Curran

Hangin Tian

Xiangming Xiao

Jefferson Fox

Atul Jain

Darla Munroe

Jefferson Fox

Lisa Curran

Ruth DeFries

Lisa Curran

Matthew Hansen

Ronald Rindfuss

Andrew Hansen

Ronald Rindfuss

David Skole

Operational Algorithms and Products for Near Real Time Maps of Rice Extent and Rice Crop Growth
Stage Using Multi - Source Remote Sensing

Urbanization and Sustainability Under Global Change and Transitional Economies:Synthesis from
Southeast, East and North Asia (SENA)

Monitoring and Mapping the Area, Extent and Shifting Geographies of Industrial Forests in the
Tropics

Forest, Agricultural, and Urban Transitions in Mainland Southeast Asia: Synthesizing Knowledge and
Developing Theory

Mapping Industrial Forest Plantations in Tropical Monsoon Asia Through Integration of Landsat and
PALSAR Imagery

Land Cover and Land Use Changes and Their Effects on Carbon Dynamics in South and South East
Asia: A Synthesis Study

Increased Accessibility, Landscape Changes, Rural Transformations, and Urbanization: Impacts of the
East-West Economic Corridor from Da Nang, Vietnam, to Khon Kaen, Thailand

Quantifying Changes in Agricultural Intensification and Expansion in Monsoon Asia during 2000-
2010

Quantifying Changes in Agricultural Intensification and Expansion in Monsoon Asia during 2000-
2010

Socio-economic and Political Drivers of Oil Palm Expansion in Indonesia: Effects on Rural Livelihoods,
Carbon Emissions and REDD

Land Use - Ecosystem - Climate Interactions in Monsoon Asia

Developing Land Cover Classification Products in Monsoon Asia Over the Period of 2004-2007
Through Integration of Landsat and ALOS/PALSAR Images

The Expansion of Rubber and its Implications for Water and Carbon Dynamics in Montane Mainland
Southeast Asia

Land Cover and Land Use Change and its Effects on Carbon Dynamics in Mensoon Asian Region

A Comprehensive Statistical Analysis System to Associate Local Land-Cover/Land-Use Change and
Regional Aerosol Composition and Concentration

The Role of Land-Cover Change in Montane Mainland Southeast Asia in Altering Regional
Hydrological Processes Under a Changing Climate

Effects of Logging, Plantation Conversion, Biomass Burning and Regrowth on Carbon Dynamics in
Bornean Peat and Dipterocarp Forests: Implications for Global Carbon Cycle

Reducing Uncertainties of Carbon Emissions from Land Use-Related Fires with MODIS Data: From
Local to Global Scale

Influence of Humans, Climate, and Fire on Forest Ecosystems and Carbon Dynamics in Indonesian
Borneo

Land Use Change Around Protected Areas in LCLUC Sites: Synthesis of Rates, Consequences for
Biodiversity, and Monitoring Strategies

Simulating of Land Use Dynamics in Southeast Asia: A Cellular Automation Approach

Land Use Change Around Pratected Areas in LCLUC Sites: Synthesis of Rates, Consequences for
Bicdiversity, and Manitoring Strategies

Soils, Water, People and Pixels: A Study of Nang Rong

Case Studies and Diagnostic Models of the Interannual Dynamics of Deforestation in Southeast
Asia: Is the Missing Sink for Carbon in Land Cover Change

07/01/2015

05/01/2015

04/01/2014

04/01/2014

04/01/2014

04/01/2014

01/01/2013

05/31/2011

05/31/2011

04/29/2011
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04/23/2008

04/10/2008

04/01/2008

01/01/2005

01/01/2004

01/01/2004

01/01/2004

01/01/2001

01/01/2001

01/01/2001

01/01/2001

01/01/1997

01/01/1997
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04/28/2014
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12/03/2010
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03/31/2012
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The LCLUC Mapper

Geographic Areas of Research

Kudos to Indul!



