NASA LCLUCACTIVITIES

IN SOUTHEAST ASIA




LCLUC is an interdisciplinary scientific theme within NASA’ s Earth Science
program. The ultimate vision of this program is to develop the capability

for periodic global inventories of land use and land cover from space,
to develop the scientific understanding and models necessary to
simulate the processes taking place, and to evaluate the consequences
of observed and predicted changes

-Characterizing Land Cover . Impacts of LCLUC
-Quantifying LC Change . Carbon Cycle
-Drivers of LCLUC - Surface Hydrology
- Natural Drivers - Atmosphere
Anthropogenic Drivers . Social Systems
Socio-Economic Drivers . Food, Energy, Water

Political Drivers
Landscape Modification

Scenarios of Future
Change

2



LCLUC Program Content

esis Studies

~300 projects since
Program’s inception

Carbon and . —
EaCh year: Biogeochemical Cycle tmate Nttty
~ 1 Impacts
40 3-yr projects e

~300 researchers

Predictive Land Use

Modeling
14%

. Observations and Data/

Impacts -33% Detection and Monitoring
+Water+: ) Drivers of Change of LCLUC
-27% 11% 21% P g % 7~

-14% Lot B §
e rs — 11‘y Y s
LCLUC- Climate S

Synthesis = 5%

Vulnerability/Adaptation — 4%

ate interactions - 6%




NAﬁA Land-Cover and Land-Use Change Program L G‘W;&‘c

LCLUC is a global program supported through regional
partnerships to enhance

Regional scientists’ access to NASA assets

NASA scientists access to national data and facilitate field data collection

LCLUC is a catalyst for regional science Initiatives through

Networks by leveraging national/local knowledge and resources and
strengthening NASA research projects

Workshops focused on societal priorities and policy-relevant land-use science

LCLUC is a promoter of regional capacity building through

NASA data-use training
International data sharing G



South/Southeast Asia Research Initiative
(SARI) Region

4000 Miles




What We Have Learned by Now for SE Asia

Population growth => rapid urban expansion with mixed impacts on rural and
agricultural lands

Economic development => landscape fragmentation
Labor is becoming scarce and is driving agricultural change

Migration to cities can lead to further deforestation or to afforestation depending
on the situation

Urbanization (and periurbanization) is the fastest driver of change in region

Large-scale conversions => changes in carbon cycle and air quality degradation
» Transition to intensive cropping causes general decline in carbon stocks
o Slash&burn practices lead to serious air pollution



What We Have Learned by Now for SE Asia (cont.)

e Prevalent commodity crops (rubber and palm) price increase can lead to less
food production => food costs?

e Globalization has tended to cancel out the impact on food costs)
e Farmers are beginning to switch from growing rice to higher value crops such as
sugarcane, cassava, and bananas depending on the market
e Loss of shifting cultivation
e In the uplands, expansion of tree crops (mainly oil palm and rubber) =>
deforestation

e Other tree crops (e.g. eucalyptus, acacia) are often accredited as afforestation

e Expansion of protected areas, roads, dams, and mines

e Loss of natural wetlands and expansion of aquaculture
e Indonesia is the hotspot of forest <—>agriculture conversions

* Vietnam has the highest proportion of urban built-up area and is the fastest in
new built-up development



RECENT NASA LCLUC PROJECTS
ON SOUTHEAST ASIA

< William Salas, Applied Geosolutions e Atul Jain, U. llinois
» Operational Algorithms and Products * Land Cover and Land Use Changes and
for Near Real Time Maps of Rice Their Effects on Carbon Dynamics in
Extent and Rice Crop Growth Stage South and South East Asia: A Synthesis
Using Multi - Source Remote Sensing Study

« Peilel Fan, Michigan State U. -
o L o Jefferson Fox, East-West Center, Hawaii
 Urbanization and Sustainability Under . Forest. Agricultural. and Urban

Global Change and Transitional Transitions in Mainland Southeast
Economies:Synthesis from Southeast, - -
Asia: Synthesizing Knowledge and

East and North Asia (SENA) :
Developing Theory
« Jinwel Dong, U. Oklahoma

« Mapping Industrial Forest Plantations * David Skole, Michigan State U.
in Tropical Monsoon Asia Through  Monitoring and Mapping the Area,
Integration of Landsat and PALSAR Extent and Shifting Geographies of

Industrial Forests in the Tropics



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/peilei-fan
http://lcluc.umd.edu/projects/urbanization-and-sustainability-under-global-change-and-transitional-economiessynthesis-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/atul-jain
http://lcluc.umd.edu/projects/land-cover-and-land-use-changes-and-their-effects-carbon-dynamics-south-and-south-east-2
http://lcluc.umd.edu/people/jefferson-fox
http://lcluc.umd.edu/projects/forest-agricultural-and-urban-transitions-mainland-southeast-asia-synthesizing-knowledge-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

OPERATIONAL ALGORITHMS AND PRODUCTS FOR
NEAR REAL TIME MAPS OF RICE EXTENT AND RICE
CROP GROWTH STAGE USING MULTI-SOURCE REMOTE
SENSING

Pl: W. SALAS (APPLIED GEOSOLUTIONS)

Fuse SAR-Optical data for mapping agricultural

conditions
SAR: Sentinel- 1, PALSAR-2, Radarsat-2
Optical: Landsat-8, Sentinel-2a

Coordination with ESA, regional partners
(AsiaRice, IRRI,VAST, SERVIR, Ministries)

Irrigated rice paddies are inundated prior to
emergence of the crop -> low backscatter
response

Rice crops grow and gain in biomass -
backscatter response increases

After ripening and near harvest, paddies are
usually drained if still flooded or decrease in
saturation and moisture -> leveling off or
decline in backscatter

Example Tonle Sap, Cambodia

Sentinel-1A Rice Inundation
__ Dynamics Time Series

Sanle Sap Floed Mag an 201




URBANIZATION AND SUSTAINABILITY UNDER
GLOBAL CHANGE AND TRANSITIONAL

ECONOMIES
Pl: PEILEI FAN (MICHIGAN STATE UNIVERSITY)
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and by 11 times to 361.7 km?in 2013-2015
 Both the surface fine particulate matter (PM, ;) and
NO, have shown an overall increasing trend. In

recent years, PM, ; reached unhealthy level (>

«Data: Landsat, DMSP/OLS night time light, MODIS NDVI data, and ~ S>°ug/m”3) for sensitive groups
. - » Economic development is the major driver for
other ancillary spatial data

. . urbanization in Hanoi
* Goal: Develop a 30-m resolution urban built-up map of 2010 for

Left: Urban built-up land in Vietnam, Cambodia, Laos, and Myanmar in
2010 with a spatial resolution of 30 m
Right: The increasing trends of DMSP/OLS NTL brightness in 1992-2010

transitional economies in Southeast Asia I ik s
» Conclusions E — . 145.45;7;:%4955655); + 151714
» Vietnam had the highest proportion of urban built-up area, £ g , /
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(increased ~8.8-times during the 18-year study period)



MAPPING INDUSTRIAL FOREST PLANTATIONS IN TROPICAL
MONSOON ASIA THROUGH INTEGRATION OF
LANDSAT AND PALSAR IMAGERY

Pl: XIAO-> DONG->QIN (U. OKLAHOMA)

This proposed project combines optical (Landsat) images and _ _
L-band synthetic aperture radar (PALSAR and JERS-1) images Plantation fractional cover for

B

to identify and map six major industrial forest plantations western West Kalimantan,
(rubber, oil palm, teak, acacia, eucalyptus, bamboo) Indonesia
Method: Classification and Regression Tree (CART) framework- = ST
JA P 5 )
using random forest and high-resolution surveys ot - (63 3?#:::
. Lo -._" : : -

Phenology-based rubber plantation mapping approach

i il
Global Geo-Referenced Field Photo Library Y e

69811 photos




LAND COVER AND LAND USE CHANGES AND THEIR EFFECTS ON
CARBON DYNAMICS IN SOUTH AND SOUTHEAST ASIA

Pl: ATUL JAIN (U. ILLINOIS)

T T T
LIE 130 La0'E

Data: ESA CClI land cove data to reveal the ot ’
dynamics of forest and agricultural land from ﬁ'% / Mamber gt S
1992 to 2015 g o
' &
Hot Spot Analysis technique; principle ‘f*fﬂ’c; Bt
component analysis; Geographically Weighted * %

Regression model

The hotspot regions conversions between forest
and agricultural land are in Kalimantan, Sumatra, [ ‘gesesrch level
East India, and the Hindu Kush, Himalayan region S

+ State/province level

District level
Relative importance of biophysical and E R s
socioeconomic drivers varied in different Hotspot region at 99% confidence interval
20 Forest to agricultural land
countries 4 Agricultural land to forest
Color coding
Roughly equal contributions from biophysical [~ o Cwe : ;
and socioeconomic drivers were observed in i . . :
e [ S Rt e e e P Spatial distribution of LULCC driver case
Vietnam studies and hotspot regions for LULCCs

Major drivers of deforestation vary

drivers in Philippines - terrain, soil, Field data from Thenkabail et al. (2017) for
water and economy validation of products



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

Objectives: land-cover change classification

 Synthesize existing approaches for mapping the expansion of —— R v il
upland-boom crops and the growth of urban areas throughout
Mainland SE Asia.

» Enhance the conceptual underpinnings of land-change science
by linking land changes to local, national, and international
drivers.

Methods:

» Map the expansion of urban areas and upland-tree plantations
using time-series Landsat data and Google Earth images. Use
MODIS EVI time-series data and training areas derived from
Landsat classifications to map change at regional scales.

» Conduct focus group discussions and household interviews for

Phnom Penh

a sample of forests, tree plantations, and periurban areas in L
e "
Cambodia, Laos, and Vietnam to produce an mtegrated gieVEA ,
km
understanding of LCLUC . D
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Cambodia and Laos: mainly new rubber
Vietnam: old and new rubber as well as cashew, coffee, and
new eucalyptus plantations




MONITORING AND MAPPING THE AREA, EXTENT AND SHIFTING
GEOGRAPHIES OF INDUSTRIAL FORESTS IN THE TROPICS

Pl: SKOLE (MICHIGAN STATE U.)

Vl-based industrial forest detection
method

Indices: ARVI, EVI, MSAVIdf, NDVldf, SARVI
and SAVI to see which index works the
best for further fC (vegetation coverage
fraction) analysis

Methods

spectral analysis consisting of Principal
Component Analysis (PCA), Independent
Component Analysis (ICA), and Tasseled Cap
Analysis (TCA)

textural analyses Grey Level Co-occurrence
Matrix (GLCM) with textural indices consisting
of Mean (MEA), Dissimilarity (DIS), and
Homogeneity (HOM)

Legend ~ P

2003

Background
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- Forest
B il paim
|:| Rubber
B other IFs
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The spectral analysis-based land use/land cover map
based the fC dataset in Sabah and Sarawak, 2003.



MANGROVES IN SOUTHEAST ASIA
DERIVED FROM LANDSAT DATA

5
i T
\ Wy
) -~ Ry
TS L S
T £ i
P = (el T
4 vl %
;" - *
%

Courtesy of Chandra Giri, EPA (mapped while at USGS)



http://www.nasa.gov/topics/earth/features/scarcer-forests.html

Mangrove Change in Philippines
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CONSEQUENCES OF CHANGING MANGROVE
FORESTS IN SOUTH ASIA ON THE PROVISION OF
GLOBAL ECOSYSTEM GOODS AND SERVICES

o Data: Landsat + ancillary
« Method: NDVI differencing
e Conclusions:

J.VINCENT (DUKE U.) AND C. GIRI (EPA)

Species Richness
pee High : 16

B Low i 1

Mangroves in Bangladesh
have the highest average
above- and below-ground
biomass, and soil carbon stock |
Highest richness of
mangrove-dependent species
are between India and
Bangladesh and the south
coast of Myanmar

Avian Species Using Mangroves as a Major Habitat



New Ongoing Projects on SE Asia

Qi, Jiago

Reduced to supplement

his IDS project
Mekong Region

Michigan State U.

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

Hansen, Matt U. Maryland Quantifying the impact of perverse

Indonesia incentives from Indonesia deforestation
moratorium, 2011 to 2016

Nghiem, Son JPL

Mekong Region Land Use Status, Change and Impacts in
Vietham, Cambodia and Laos

Bandaru, Varaprasad U. Maryland Agricultural Land Use Change in

Thailand

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

Fox, Jeff
Mainland SE Asia

East-West Center, Hawaii

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

McCarty, Jessica
Vietnam

Miami U., Ohio

Land-cover/land-use change in
southern Vietnam through the lenses
of conflict, religion, and politics, 1980s

to present




Non-NASA Mission: Earth Night Lights Observed by DMSP
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Floods in Philippines: MODIS Images at 250m

=" LA e
HAugust 6,20

%

Decemiber 4, 200

N i L .‘ a’ Manilla — "

July 3, 2006




NON-US HIGH/MID-RESOLUTION OBSERVATIONS
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http://www.intelligence-airbusds.com/en/4239-spot-
asia-partners

ESA Sentinel-1 and -2
JAXA AVNIR

http://www.cresda.com/EN/gjhz/jwsjld/7457 .shtml

ISRO (ResourceSat)
Vietnam (LotusSat)
Thailand (THEOS)



URBANIZATION: THE GROWTH OF MANILA

Manila
*

Pasig River

Laguna de Bay B, " e e Laguna de Bay

January 31, 1988, TM Landsat 5 February 7, 2014, OLI Landsat 8




TROPICAL STORM YUNYA ON JUNE 14,
1991:AS IT WAS MAKING LANDFALL

ALONG WITH THE ASH CLOUD FROM

THE ERUPTION OF MOUNT PINATUBO

Tropical Storm Yunya on June 14,1991 Mount Pinatubo at daybreak on June 15, 1991,
as it was making landfall along with the a few minutes after the start of the climactic

ash cloud from the eruption of Mount eruption. Courtesy: USGS
Pinatubo. Courtesy: NOAA



MOUNT PINATUBO: 10 YEARS LATER

Landsat 7 false-color image, January 2001




GROUND TRUTH: 27 YEARS LATER




PEOPLE OF LCLUC SCIENCE







THE EFFECT OF PINATUBO
ERUPTION ON GLOBAL SATELLITE
TIME SERIES
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Cloud and Aerosol Monsoonal Processes-
Philippines Experiment (CAMPZEX)

Taipel FIR

A joint US-Philippine airborne

mission to study aerosol and land 3
use impacts on monsoonal 35 NEEET subicorl £
precipitation during summer 2018 |

Manila FIR

Three core NASA focus areas:
» Aerosol and cloud microphysics
e Cloud and Aerosol Radiation

* Aerosol and cloud meteorology

Philippine scientists will also focus on the
ramifications of monsoonal meteorology on
regional hydrology, oceanography, and air
quality.

Manila Flight Information Region (FIR) with
surrounding FIR boundaries. Also marked is the
proposed Subic Bay base of operations.



SERVIR

B = 9'{*

~ "SERVIR WORKS IN

ACCESS THE ACTIVITY MAPPER GO

SERVIR, a joint venture between NASA and the U.S. Agency for
International Development in Washington, provides state-of-the-art, satellite-
based Earth monitoring, imaging and mapping data, geospatial information,
predictive models and science applications to help improve environmental
decision-making among developing nations in eastern and southern Africa,
the Hindu-Kush region of the Himalayas and the lower Mekong River Basin
In Southeast Asia.



http://www.servirglobal.net
http://www.nasa.gov
https://www.usaid.gov/

SARI-SERVIR RELATIONSHIP

 SERVIR-Mekong,
Implemented by the Asian
Disaster Preparedness Center
(ADPC) in Bangkok, promotes
the use of publicly available
satellite imagery and related
geospatial decision-support
tools/products for key
stakeholders and decision
makers

SARI activities are coordinated with
SERVIR-Hymalaya and -Mekong
activities (POC: Dr. Krishna V.)




EDUCATIONAL COMPONENT: TRAININGS

The Data Initiative training sessions provide capacity
building in support of the GOFC-GOLD Regional Networks
They serve to improve access to, and use of, the remotely
sensed Earth observations around the world.

@ Sioux Falls , SD and Boston, MA until 2012 and @
LCLUC ST meetings

It was decided that regional trainings are preferable to
those in USA

Oct 2016 - the first GOFC-GOLD Data Training hosted
by GISTDA

Trainings in conjunction with regional LCLUC Meetings
(last two years)

Jan 2016 Yangon, Burma

Oct 2016 Bangkok, Thailand
Jul 2017 Chiang Mai, Thailand
Mar 2018 Bangkok, Thailand

May 2018 Manila, Philippines



THANKS - SALAMAT

Terima kasih
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