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Research Science and Hypotheses

Overarching Science Question: How land cover (LC), land use (LU),
and demography (DG) evolve and interact in this highly dynamic and
vulnerable setting along the entire 3D rural to urban continuum (RUC).

Hypotheses: (1) Physical-human feedback processes are exacerbated
oy urbanization, agriculture conversion, and climate factors forcing LC,
U, and DG processes to become non-stationary, thereby causing
unprecedented impacts that are not predictable from past observable
trends in transformative regions and in anomalous hot-spot areas
where multi-scenario flexibility must be considered in policy
development. (2) In contrast, for transitional regions undergoing weak
or gradual changes, we hypothesize that trajectories are associated
with continual environmental trends and sociodemographic drivers so
that past reference of the LC, LU, and DG changes can be used to plan for
effective future policies .
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PROCESSING
AND DATA
ANALYSES

Ground truth
data to verify
remote sensing
products

LCLUC DATA
PRODUCTS

Census survey
data to verify
demographic

products

RESEARCH
GOALS

OUTCOMES

Research Approach and Structure

Sentinel-1A & 1B

Satellite Microwave

SAR VW VH Scatterometer and
complex data Radiometers
A 4 N
SAR Processor Scatterometer Dense
System: Calibration, Sampling Method:
noise reduction, Doppler slicing,
antenna effect geolocation, azimuth
correction, terrain combination, Rosette
correction, speckle transform. Output:
filtering, topographic DSM backscatter and
error flag, geolocation, Index of Variability (IV)
scene mosaicking, Passive Radiometer:
land-water masking. Data products from
Qutput: mission processors
Backscatter VV (e.g., SMAP, AMSR2).
Backscatter VH Qutput: Brightness
Complex VVVH temperature TbV, TbH
Vegetation/Forests: Scatterometer Data:
change areas, defre- Maps of rural-urban
forestation seasonal gradient, lateral

timing and duration
Urban: 2D/3D maps
Agrilaquacultural
products: Rice
mapping, shrimp/fish
farm mapping
Inland waters:
inundated areas,
water body change,
seasonal variations

expansion, vertical
growth, annual rate of
urban 3D building
volume change, rate
of vegetation change
Radiometer Data:
Soil moisture, river
stage, river discharge,
run off, flood stages,
drought conditions

K

W

Existing LCLUC
products from multi-
sourced data

|

Data System
Compilation: DEM,
land cover classes,
NDVI, VI, ET, GPP,

NPP, FPAR, LAI,
GlobCover, Global
Forest Watch, fire/

burned areas, inland

surface water/wetland,

3D Global Urban , 2D
Human Settlement,
Continuous
Infrastructure Index,

'y

Multi-layer Datasets

of LCLUC Products:
Spatial gridded data
layers, time-series
and temporal
organized data layers,
coordinated physical-

demographic datasets

utilizing big data
analytics with high-
performance/cloud
computing, large-
capacity data system
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Demographic
socioeconomic data

products and census

!

- WorldPop System:

Random-forest model,
bottom-up mapping,
census projection,
ution of census
counts. Qutput:
Population density,
birth and pregnancy,
age structure, poverty
Survey & microdata:
DHS/IPUMS income,
work, education,
migration flows

=a

Socioeconomic
Modeling and
Analysis Products:
Spatial patterns of
population densities in
different countries,
trajectory data
representing
population change,
madel functions of
population and census
(age, poverty, labor,
dependency, etc.)

— 1

G1 to capture physical-
dimension features of land

cover and land use

G2 to capture human-
dimension features of socio-

economic fabrics

3 to synthesize physical-
human dimensions and connec-
tion to address science objective

\ad
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Policy relevant outcomes expected: Multi-scenarios to cope with non-linearity in transformative/hop-spot
areas for policy development to be flexible against various unprecedented changes; effective rural and urban
development policies for sustainability and safeguarding air and water pollutions; addressing drivers rather

than symptoms lending science support to proactive preparedness for climate adaptation policies.

ad

Community Workshop Plan: (1) Year 1: Regional synthesis kick-off meeting to refine the design and scope of the synthesis; (2) Year 2 for project team

progress meeting; (3) Year 3 for synthesis summary meeting. Moreover, we will also participate in programmatic team meetings and/or conferences.
agencies, stakeholders, decision/policy makers up to the ministry levels to participate in LCLUC workshops/meetings, in working with NASA OIIR, NASA

Leverage/legacy: Pl Nghiem has demonstrated the capability to motivate the large international community including scientists, researchers, space
Asia Rep. (Tokyo Office),US Embassy, US State Department, and ministries in SE Asia (see references [Meetings, 2018; 2019; 2020; 2022; 2023]).

Goal 1 (G1): To capture physical-dimension features
of the land cover (LC) and land use (LU) in the MPO.
These will identify and quantify variations along the
rural-urban continuum undergoing transitional,
transformative, or hot-spot changes in time (1D) and
in space (3D).

Goal 2 (G2): To capture human-dimension features of
the socioeconomic fabrics in the MPO. These are
crucial to address both land use at risk (LUR) and
population at risk (PAR) under deteriorated ecoservice
values.

Goal 3 (G3): To combine (G1+G2) within a synthesis
framework of integrations, interactions, and linkages
(left panel). These are to test the stationarity versus
non-stationarity hypotheses. The outcomes from the
synthesis are intended to lend scientific support to
the strategic development of proactive policies that
are regionally relevant and effective.

https://Icluc.umd.edu/projects/synthesis-study-land-cover-land-use-and-demographic-change-under-multi-dimensional



Rural-Urban Contmuum (RUC) in 3D

GHSL (2D) DSM (3D)
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Mean of annual rate of change at the district level
in the Greater Saigon from GSHL for 2D urban
fraction (left) and from DSM for 3D building volume DSM nuntinuum product for rate of change of 3D
(right) in the 2000s, see details in [Balk et al., 2018]. building volume from the Ho Chi Minh megacity to the
The inset photo shows the strong vertical build-up in UNESCO Can Gi¢» Biosphere Reserve. The
the city center consistent with DSM observation. detected hot spot is the Cat Lai seaport area.



RUC in High Resolution from Radar Data

Products of LU classes from Sentlnel 1 SAR in the RUC arbnd Bac Lleu city in Vietnam

including persistent building structures (red), , aquacultural
areas (light blue), tree cover (dark green), and persistent surface water (dark blue).




City in Three Dimensions from Radar Data

Mapping Product of 3D Building in Ho Chi Minh City



Multi Sourced Observations over the RUC

Multi-season S2 Land Cover S u/o V u/o D /o _ Multi-season S1 Microwave Backscatter VVu

Multi-sourced, multi-season, and multi-scale composite images around Bangkok, Thailand.



Hyperspectral Data Products over the RUC

Data products from PRISMA data in Saigon-Dong Nai Delta and surrounding environments.



Synthesis of Radar/Spectral Products for
Fragmentation Analysis

Edge density

Shannon Index

SN A4 2015 ;
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8 2022
. S Diversity Heterogeneity
o o W Transitional zone Buffer zone m Core zone W Transitional zone Buffer zone M Core zone
Core and buffer Transitional
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Jo the landscape, fragmentation stable or slightly JO[7 becomesan increasingly dominant class in an already

increased fragmented area

E. Valentini, M. Righini, S. Sapio, S. Liburdi, V. Cima, S. V. Nghiem, and A. Taramelli, 2023.



LCLU Change in the 20005 across 3D RUC

12/1999

Landsat -

= 12/2009

Mapping Product of LCLU Change in Indonesia, Malaysi‘, and Singapore from Radar Data:
Red for positive hot spots/areas, Blue for negative hot spots/areas,



Demograp{_hy Cambodla, Lao PDR, Vietham

Legend
People Per Pixel (100m)
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Landcover
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I Forest/ Woody Vegetation
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B vater

Data products of rlvers roads and land cover in the nonparametric, ensemble model with
sub-panels for 4 cities. Roads (black) and rivers (blue) noted are in the first column panel,
land cover in the second and the 2010 gridded population in the third [Gaughan et al., 2019].



190

Synthesis in Physical- Human Dimensions
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Circular chart for synthesis of environmental,
economic, and social dimensions

Sustainable Agriculture Matrix (SAM) method synthesizing multiple data products to quantify
the impacts of agriculture on sustainability considering environmental, economic, and social

dimensions across the RUC in 2000-2014. Examples including Indonesia and Vietnam




Synthesis in Physical-Human Dimensions

Sendai Framework for United Nations Space-based Information for
Disaster Management and Emergency Response (UN-SPIDER)

Risk = Combination of Hazard, Exposure, and Vulnerability

 Hazard: Process, phenomenon or human activity that may cause loss
of life, injury or other health impacts, property damage, social and
economic disruption or environmental degradation.

 Exposure: Situation of people, infrastructure, housing, production
capacities, and other tangible human assets located in hazard-prone
areas.

 Vulnerability: Conditions determined by physical, social, economic
and environmental factors or processes which increase the
susceptibility of an individual, a community, assets or systems to the
impacts of hazards.
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