LCLUC PROGRAM: UPDATE




hesis Studies
5%

Carbon and imate Variability
Biogeochemical Cycle and Change
Impacts 6%
18%

and Energy Cycle
mpacts
1%

* ~300 researck

Predictive Land Use
Modeling
14%

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



» MuSLI (Multi-Source
» Social science is not required
» Multiple sensor 10-30m resolution data are to be used

» Merging with Landsat Science Team activities
» Regional Initiatives, geographic focus

» Capacity Building/Education component



LCLUC Science Team Meetings

2013/11 NEESPI/MAIRS Tg

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: TBD
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Carbon Cycle

INTERNAL and Ecosystems
LINKAGES Focus Research
@ NASA Area

Applications
Program

Terrestrial Ecosystems Ocean Biology Biodiversity Carbon Management Land-Cover/Land-Use

Coastal Management
Program Program Program Water Management Change Program

Agri. Management

Atmospheric
Composition
Focus Area
Radiation
Science

Water and Energy Cycle
Focus Research Area
Terrestrial Hydrology



» SERVIR (acronym stan
Monitoring System in Spanish)

» PEER (Partnerships for Enhanced Engagement in Resear

» USFS
» Global Forest Observations Initiative (GFOI) /



Future Earth

* Global Land Program (GLP)
* NEFI
*Future Asia

SERVIR
« SARI (Himalaya and Mekong hubs)

EARSeL LULC Special Interest Group

* Joint biennial workshop

ESA and EU institutions
* Landsat-Sentinel ppéducts under MuSLI



» Social and economic scie
» impacts of changes in human behavior on LCL

» impacts of LCLUC on society

» adaption to climate/environmental change of land-use systems /

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



:

LCLUC Science Research

Science Questions

- Remote Sensing (Scientists and End Users)
Observations —) - Operational R and D

- Physical and Social Science - User Requirements

- Method Development - Tools / Products

- Scientific Results =
Publications Science Capacity
- DataSets  ™\\_Building / Trainin

International and Regional LU Science
- GLP

- GOFC-GOLD Regional Networks

- EARSEL LUCC

EO Req

Research to Operations

<>

Decision Suppor

(>

| / Coordination

User Capacity
Building / Training

uptake of EO in
Operational Systems

- Operational End Users

- Decision Support Systems
- Value of EO

SERVIR
(developing co

yA0Cus)

- Env. DecisionMaking using EO




element

« MAIRS under Future Asia
» Coordinated with SARI

| Project Scientist
MAIRS

Jiaguo Qi, My

« South/Southeast Asia Research
Initiative (SARI)

» Pre-SARI Projects
» LCLUC-2015: South Asia
» LCLUC-2016: Southeast Asia
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>750 scientists
>200 institutions
>170 projects

- LCLUC-2016
= N E ES P 9 N E Fl selected 3 projects
>80 Ph.D. students (on Caucasus)

Synthesis by Peilei Fan for Siberia (urbanization)
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LCLUC in Central Asia to be published in 2018



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/Southeast Asia

Adaptive capacity of humans is low and vulnerabillity is high

About 20 ongoing projects on SARI region from 2 solicitations
(2015-2017)

Interactions with two SERVIR hubs: Mekong and Himalaya

Several regional SARI workshops and trainings have been
conducted to address SARI science questions including the
following:

» Howregional LCLUC interact with climate, water resources,
biodiversity, and atmosphere?

» What are the vulnerability and impacts related to LCLUC, and
how systems adapt to changes?

» What are the nature, magnitude, drivers and impacts of
regional LCLUC?

 Itis expected that the program will

] 1-Afghanistan
2-Bangladesh
3-Bhutan

4-Brunei Darussalam
5-Cambodia

E-India

T-Indonesia

B-Laos

8-Malaysia
10-Maldives
11-Myanmar
12-Nepal
13-Pakistan
14-Philippines
15-Singapore
[= ] 16-8ri Lanka
I 17-Thailand
[ 18-Timor-Leste
B 19-Vietnam

IN JNRERCER0ENE

2000 Miles

Advantageous features of the SARI regio
* Easy to communicate in English wj
researchers, students, and sta

» Dedicated student support fr,
* High computer literacy

de
Unjpeersities

advance LCLUC science in thg’region

strengthen existing and build new collaborations between US
and South/Southeast Asj& researchers

help develop regional gcale LCLUC models useful for decision
support






LCLUC-2012 LCLUC-2013

Use Changes and
Effects on Carbon >
Dynamics in South and .
South East Asia: A Change.
Synthesis Study oo Economies: Synthesis
' Southeast, East and North
Asia
» Jeff Fox, East-West

Center, Hawal

» Forest, Agricultural, an
Urban Transitions in %
Mainland Southeast . &
Asia: Synthesizing the Art, Gaps N .KnO edge,
Knowledge and and New Directioxs for
Developing Theory Remote Sensing’Science




LAND COVER AND LAND USE CHANGES AND THEIR EFFECTS ON CARBON

DYNAMICS IN SOUTH AND SOUTHEAST ASIA
PI: ATUL JAIN (U. ILLINOIS)

LCE
Data: E_SA CCl land cove d_ata to reveal the B o of caa e dtes
dynamics of forest and agricultural land from 1992 - R

to 2015

Hot Spot Analysis technique; principle component
analysis; Geographically Weighted Regression
model
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The hotspot regions conversions between forest
and agricultural land are in Kalimantan, Sumatra,
East India, and the Hindu Kush, Himalayan region

i

Enesesrch lovel '
Relative importance of biophysical and ¢ National level

socioeconomic drivers varied in different countries oo it
¥ Group of districts or villages

Roughly equal contributions from biophysical and b Village level

socioeconomic drivers were observed in Bhutan, "“@ﬂ:m‘xﬂﬁ“: interval
Philippines, Sri Lanka, Thailand and Vietnam },,Mm,.mm,,dmm

. . . Color coding
Major drivers of deforestation vary [ Foresterealoss  Incresse In forest area

e 80'E e
» drivers in Bhutan - terrain, soil, water
conditions, population and urbanization

» drivers in Philippines - terrain, soil, water and
economy




Objectives:

 Synthesize existing approaches for mapping the expansion of
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
a sample of forests, tree plantations, and periurban areas in
Cambodia, Laos, and Vietnam to produce an mtegrated
understanding of LCLUC 3

B Capital cities [0 10 Rotational Agriculiure B 261 Rubber (from F 2006-2008)
[ Country boundaries EE 11 New Water B 262 Rubber (from DF 2008-2008)
B Unclassified 1 12 Orchards B 263 Rubber (from LVA 2006-2008)
1 1 Water [T 13 Expansion of LVA BN 291 Rubber (from F 2009-2011)
Bl 2 Forest (F) W 14 Pineapple (permanent) B 292 Rubber (from OF 2009-2011)
1 3 Deciduous Forest (DF) 771 16 Eucalyplus I 321 Rubber (from F 2
1 5 Low Vegetation Area (LVA) I8 17 Coffee B 322 [Rubber (from DF 20
] & Rubber (pefore 2003) [0 231 Rubber (from F 2003-2005) [ 1061 Sugarcane (from F
BN 9 Cashews (permanent) [0 233 Rubber (from LVA 2003-2005) I8 1092 Sugarcane (from Di

Cambodia and Laos: maipty new rubber
* Vietnam: old and new rdbber as well as cashew, coffee,
and new eucalyptus plantations
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Figure 2a: Spatio-temporal pattern of urban development in Hanoi in 1988-1989 (left), 1998-1999 (middle) and 2013- 2015 (right)

100°00°E 105°00°F 10D

Left: Urban built-up land in Vietham, 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

*Data: Landsat, DMSP/OLS night time light, MODIS NDVI data, and
other ancillary spatial data
* Goal: Develop a 30-m resolution urban built-up map of 2010 for
transitional economies in Southeast Asia
* Conclusions

» Vietnam had the highest proportion of urban built-up area,

followed by Myanmar, Cambodia and Laos.

* Vietnam was also the fastest in new built-up development

(increased ~8.8-times during the 18-year study period)
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Figure 2a: Spatio-temporal pattern of urban development in Hanoi in 1988-1989 (left), 1998-1999 (middle) and 2013- 2015 (right)
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Land Cover Map of Hanoi Province Period 1998 - 1999
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Land Cover Map of Hanoi Province Period 2013 - 2015
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Figure 2a: Spatio-temporal pattern of urban development in Hanoi in 1988-1989 (left), 1998-1999 (middle) and 2013- 2015 (right)
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Land Cover Map of Hanoi Province Period 1998 - 1999
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Land Cover Map of Hanoi Province Period 2013 - 2015
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Regional Grid Cell

Unowned

1992-1997 s

periods (1995-2000

Results

» counties that are more dependent on fiscal 20032010
transfers from the central government convert less o T T
cultivated land to urban use ¥
local governments are becoming more powerful in _. : —
shaping urban land development as a result of local : HighHigh

LowLow

economic, fiscal, and political incentives and —_ - . LowHigh

through the practical management and control of il

capital, land, and human resources

0 220 50 1,000 Kiometars
{ SN S S



=> further deforestati

- Prevalent commodity crops (rubber and pa
and food costs 1

- Large-scale land-cover conversion for agriculture => changes in carbon
cycle and air quality degradation (due to biomass burning)

- The hotspot of forest €->agriculture: Kalimantan, Sumatra, East India, and
Hindu Kush, Himalayan region

- Economic development initiatives => regional landscape fragmentaj

- Vietnam has the highest proportion of urban built-up area and is fAStest in

new built-up development

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



eosolutions

0 C O
Sentinel-1A Rice
Inundation Dynamics
Time Series

The spectral analysis-based land use/land
cover map based the fC dataset in Sabah
and Sarawak, 2003.



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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traveling in the Ooty
National Park in Tamil Nadu

e Mid-term for LCLUC
projects on South Asia,
mostly India

« 15" anniversary of Indian
Resourcesat-1 this year
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Maharlshl Mahesh Yogi and partlupants of a medltatlon course pose fora photograph in February 1968.




(India

Fleischman, Forrest

Afforestation

(India)

Jain, Meha U. Michigan The Future of Food Security in

Agriculture Farmers Adapt to Environmental Change’?

(India)

Aditya Singh U. Florida Landscapes in flux: The influence of

Agricuture demographic change and institutional

(India) mechanisms on land cover change, climate
adaptability and food security in rural India

Di, Liping George Mason U. Understanding changes in agricultural land

Agriculture use and land cover in the breadbasket area

(India) the Ganges Basin 2000-2015: A
socioeconomic-ecological analysis




Mangroves

Seto, Karen
Urban growth (South Asia)

Loboda, Tatyana
Malaria
(Myanmar)

U. Maryland

Understanding the ro
use nexus in malaria transmission un
changing socio-economic climate in
Myanmar

Leimgruber, Peter
Deforestation
(Myanmar)

Smithsonian Institution

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




Hansen, Matt
SEA: Indonesia

Fox, Jeff
SEA: Mainland SE Asia

East-West Center, Hawaii

The agrarian
in rice farming 1995 to 2018

McCarty, Jessica
SEA: Vietnam

Nghiem, Son
SEA: Mekong Region

Miami U., Ohio

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

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

Bandaru, Varaprasad
SEA: Thailand

U. Maryland

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

uality, and




de Beurs, Kirsten
Caucasus




the broader comm
- Data sharing is strongly encouraged
NASA-USGS Landsat Global Land Surveys: GLS-75, -90, 20

WELD mosaics
Global /
- Forest/Change

Mangroves/Change
Impervious Surfaces/Urban/Change
Agriculture/Change

Metadata page on the LCLUC web site - 22 projects reprgsented
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Data and Information

Data Satellite
Initiatives

Metadata

Dataset Creator Matthew Hansen
Dataset Global Forest Change

Overview

The Global Forest Change Product provides results from time-series
analysis of 654,178 Landsat images in characterizing forest extent
and change product. For definitions of Forest extent and change
refer to Hansen et al., 2013.

Project Details

PI Details

Products Details

» Spatial Coverage: Global

* Temporal Coverage: 2000-2013

* Resolution: 1 arc-second per pixel (approx. 30m per pixel at
the Equator)

* Projection: GCS WGS584 datum

* Data Type: B-bit unsigned integer

* Data Format: GeoTIFF

Download
http:/ fearthenginepartners.appspot.com/science-2013-global-forest

Citation
Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, 5. A. Turubanova, A. Tyukavina, D. Thau, 5. V. Stehman, 5. 1. Goetz, T. R.
Loveland, A. Kommareddy, A. Egorov, L. Chini, C. O. Justice, and J. R. G. Townshend. 2013. "High-Resolution Global Maps of
21st-Century Forest Cover Change." Science 342 (15 November): 850-53. Data available on-line from:
http://earthenginepartners.appspot.com/science-2013-global-forest.




Multi-sensor Fusion to Determine Climate Sensitivity of Agricultural
Intensification in South Asia

India Annual Winter Cropped Area, 2016

(MODIS) Enhanced \
resolution: 250m) for the winter grow
March).

« Automated algorithm identifies the EVI peak in each pixel
for each year and linearly scales the EVI value between
0% and 100% cropped area within that particular pixel.

* Maps were then resampled to 1 km and were validated
using high-resolution QuickBird, RapidEye, SkySat, and
WorldView-2 images spanning 2008 to 2016 across 11
different agricultural regions of India.

« The spatial resolution of the data set is 1 km, resamp
from 250m.

* The data are distributed as GeoTIFF and NetCD

and are in WGS 84 projection.



http://lcluc.umd.edu/projects/multi-sensor-fusion-determine-climate-sensitivity-agricultural-intensification-south-asia-2
http://lcluc.umd.edu/people/meha-jain
http://lcluc.umd.edu/people/pinki-mondal
http://lcluc.umd.edu/people/gillian-galford
http://lcluc.umd.edu/people/ruth-defries
http://sedac.ciesin.columbia.edu/data/set/india-india-annual-winter-cropped-area-2001-2016
http://sedac.ciesin.columbia.edu/downloads/docs/india/india-india-annual-winter-cropped-area-2001-2016-documentation.pdf%C2%A0

» Evaluation by NASA-affilia
determine value for advancing NAS
applications activities and objectives

» Researchers will be supported to assess the value of
the basic quality geophysical information(stability,
characterization, etc.) in the products

» 1 year evaluation period

» Participants primarily chosen from existing LCLUC
projects

» Written reports to NASA




Benjamin Koetx
Earth Observatien Appl

*Prior efforts to synergistically use Sentinel data
along with Landsat-8
Joint NASA-UMD-CNES/CESBIO project

*Sentinel-2 NASA Data Use Preparation team
*Cross-Calibration (GSFC)




Lang, U Maryland
Jones, USGS
Huang, UMD

Small, Columbia U.
Nghiem, JPL
Greg Yetman, Columbia U.

Friedl, Boston U.
Gray, BU
Melaas, BU

Esch, DLR

Roy, South Dakota State U.

Kovalskyy, SDSU
Boschetti, U. Idaho

Eklundh, Sweden

Hansen, U. Maryland
Potapov, UMD

Chuvieco, Spain
Tansey, UK

Dedieu & Hagolle,
CESBIO

Schott, RI
DIRSIG model, LST

Townshend, U. Maryland
Sexton, UMD

Feng, UMD

Channan, UMD

Defourny, Belgium

Vermote, NASA GSFC
Atm. Corr. Team Claverie, U. M

Schmullius, Germany

Woodcock, Boston U.,
clouds/cloud shad

Dungan, NASA Ames, NEX
nguly, NASA Ames, NEX




Type 1

Friedl, Marc
Type 1

Boston U.

Product fr

Anderson, Martha USDA Characterizing Field-Scale Water Use, Phenology an
Productivity in Agricultural Landscapes using Multi-Sensor

Type 2 Data Fusion

Campbell, Petya UMBC/NASA Prototyping MuSLI canopy chlorophyll content for
assessment of vegetation function and productivity

Type 2

Skakun, Sergi UMD Crop yield assessment and mapping by a combined use of

Type 2

Landsat-8, Sentinel-2 and Sentinel-1 images

Radeloff, Volker
Type 2

U. Wisconsin

Monitoring abandoned agriculture, fallow fields, ras
with Landsat and Sentinel-2

nds

Hulley
Type 2
Thermal IR

NASA/JPL

A high spatio-temporal resglution Land Surface

Temperature (LST) product for urban environments




e Sentinel-23
e Landsat and Sentinel sun sy
other

Landsat-7 ‘
Landsat-8

Sentinel-2a

Sentinel-2b

Global ~¥’day coverage
lobal ~2-3 day




HLS: Harmonized Landsat/Sentinel-2 Products
https://hls.gsfc.nasa.gov Laramie County, WY

May4 2016 August 8 Auguet g 4 September 1 October 20

0.1 NDVI 0.9

1.0 T
. ._l UL I | LI id 1 Tl I I I I: Iol T.:I 1 ] T T 1771 LI l_ e o I
High temporal - ! Ve B A ] -=seasonal
d P s < Sentinel-2 o A LAY 1 phenology:
2Sly oreos. _ + Landsat-8 T i 1 N /
allows Il : | o Alfalfa - atura
individual  _ = . 5 | 24 % = Grassl_and
mowing B 04 g M S | 1 (blueline)
> [ bt ~: | eyt o 1 ; w .
events to o F v ! Al S - Irrigated
be detected - | g 1 Grasslang ] Alalfa
within alfalfa o, — TR rasSENC  (red line)
fields. hay B : ! g
_0‘20_1 L 11001 L1t |200| ges (0 Ll 3{[)01 L1111 1400
Day of Year o

Courtesy: Jeff Masek' NAsaGsFc



teleconn
» Land use transitions in drylan

» Expect: resubmissions of the 2015, 2016 rejects +
new SARI + new regions (e.g. Central Asia)

» Due date (note difference from previous years!
» step-1 Aug 1, 2018
» step-2 Mar 1, 2019



@ LCLUC

Land-Cover / Land-Use Change Program

e [I'm

Informatic

students graduating
in LCLUC is needed

» LCLUC website and
Facebook page

LCLUC Webinars series

 Projects have been presented
during 2014-17 (Urban,
Urban-Ag transitions, Ag)




1.Southeast Asia Regional Research and Information Netwdrk (SEARRIN); 2. South Asia Regional Information
Network (SARIN); 3. South Central European Regional iternational Network (SCERIN); 4. Red Latinoamerica
de Teledeteccion e Incendios Forestales (RedLaTIF);/5. West African Regional Network (WARN); 6.
Observatoire Satellital des Forets d’Afrique Central (OSFAC); 7. Miombo Network (MIOMBO); 8. Southern Africa

Fire Network (SAFNET); 9.Caucasus Regional Information Network (CaucRIN); 10.Mekong Regional Information
Network (MekRIN)




June 2014
» April 2015 in Prague, Czech Rep.
» July 2016 in Zvolen, Slovakia

» June 2017 in Pecs, Hungary

» The 6th is planned for June 2018 in Zagreb, Croatia

» As arule, conducted in conjunction with the
GOFC-GOLD SCERIN network workshops

» Co-funded by NASA and ESA

TAT-2015 in Prague;
» Various, state-of-the-art land remote sensing methods and Introductory lectu by’G.
applications: Forestry, Agriculture, Urban Gutman on the€urrent NASA

e Lectures and hands-on practical exercises from NASA and space asse for StUdymg
ESA optical and microwave experts land surfacCe processes



ARTSA

ASEAN RESEARCH AND TRAINING CENTER FOR
SPACE TECHNOLOGY AND APPLICATIONS

ARTSA IN BRIEF

TARGET GROUPS

BENEFITS

- 0 ASEAN COMMUNITY

4

- - ‘B R&D DELIVERRY
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9 SPACE & GI
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Organizers: C. J. and Co.

Mary, Jack, Kris, Catherine, Indu
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