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1. Background and Rationale
Timor-Leste’s rice sector faces constraints due to limited field calendars, incomplete irrigation-service
records, and inconsistent water delivery across canal command areas. The Maliana basin represents a
policy-relevant irrigated rice landscape in which monsoonal seasonality and canal-based water management
likely produce spatially structured variations in crop timing and dry-season persistence. This dissertation
presents an update-ready remote-sensing workflow designed to extract and map probable rice-cropping
regimes from high-resolution NDVI time series, and to interpret these regimes using convergent, non-causal
evidence from rainfall timing and irrigation context overlays.

2. Aim and Research Questions
The aim of this research is to implement a transparent and adaptable workflow that characterizes
field-relevant rice phenology patterns within a data-scarce irrigation scheme. A dditionally, the study seeks to

interpret spatial regime structures in terms of rainfall timing and infrastructure context.

The following research questions are operationalized in this dissertation:

e What distinct phenological regimes, as derived from NDVI data, exist across the cultivated rice
domain in Maliana?

e Do these regimes demonstrate different rainfall-NDVT lag structures that are consistent with either
buffered or rainfall-dependent grow th timing?

e Do the mapped regimes exhibit spatial plausibility in relation to canal infrastructure and dry-season
greenness patterns, serving as a form of qualitative plausibility check?

3. Study area and datasets

a) The study area comprises the Maliana basin in Bobonaro, a lowland alluvial plain characterized by
distinct monsoonal wet and dry seasons. The region includes two gravity irrigation schemes,
Maliana-I and Maliana-II.

b) PlanetScope PSScene-Surface Reflectance imagery was processed to generate Normalized Difference
Vegetation Index (NDVI) values, which were aggregated into 48 monthly observations from
December 2018 to November 2022. Scenes were excluded if metadata indicated cloud cover greaten
than 20% or severe off-nadir geometry.

¢) Monthly rainfall data were aligned with the 48-month observation window and used exclusively for

rainfall-NDVI lag diagnostics to inform subsequent interpretation and labeling,.
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d)

a)

b)

o

Orthophotos and canal or control-structure layers were used for overlay-based plausibility checking]
and, where applicable, for optional distance-to-canal diagnostics.

Methods

Spatial Framework and Time-Series Extraction

All datasets were standardized to WGS84 / UTM Zone 518 (EPSG:32751), and geoprocessing was
conducted using QGIS 3.40.3.

A cultivated or rice-area mask was applied to ensure that clustering labels were assigned only to
cultivated parcels, thereby maintaining d efensibility.

The spatial unit was a 25 m hexagonal grid. The analysis domain included 14,101 cultivated hexagons
resulting in an NXT NDVI matrix with T =48 months.

Time-Series Clustering and Cluster- Number Selection

NDVI series were normalized using min-max scaling to enable shape-based comparison prior to
clustering.

Clustering was performed using DTW-based TimeSeriesKMeans with DBA barycenter prototypes.
Although inertia indicated that a higher k (approximately 4) could be justified if inertia were the sole
criterion, k =2 was selected based on a combined assessment of inertia shape, peak silhouette atk =2,
principal component analysis (PCA) separability and interpretability, and supporting indices such as
DBI and CHL

Reported silhouette values were 0.517 for k = 2, and lower for k = 3 to 5 (0.472, 0.477, 0.447,
respectively).

Phenology Metrics and Interpretation Diagnostics

Phenology metrics were derived using explicit thresholds, including months with NDVI below 0.45,
above 0.60, and peaks above 0.55, and summarized for each cluster.

Rainfall-NDVI lag diagnostics assessed timing consistency across clusters. Results were interpreted
as indicating association and timing, not causality. Overlays were used as qualitative plausibility|
validation, with explicit acknowledgment of the absence of formal proximity statistics and
operational delivery measurements.

Results

The final partition identified 14,101 cultivated cells, with Cluster 1 containing 3,684 cells (26.13%) and
Cluster 2 containing 10,417 cells (73.87%).

Assuming a full-hexagon area with a 25-meter edge length, the total area is approximately 2,289.7
hectares. Cluster 1 covers approximately 598.2 hectares, while Cluster 2 covers approximately 1,691.5
hectares.

Cluster 1 shows higher canopy vigor (mean NDVI 0.5420 vs. 0.4693), few er low -canopy months (6 vs.
25), more high-vigor months (11 vs. 7), and more peaks (8 vs. 6), corresponding to 2.0 versus 1.5
cycles per year.

The regime interpretation is considered probable. Cluster 1 appears to be associated with
irrigation-buffered double-cropping, whereas Cluster 2 is linked to rainfall-dependent single-season

behavior. However, these associations do not represent confirmed management categories.
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Cluster 1 peaks at a lag of 1 month (r = 0.358), consistent with a more buffered, rapid response. In
contrast, Cluster 2 peaks at three months (r = 0.595) and also at two months (r = 0.525), indicating |
delayed response that depends on cumulative moisture.
Canal overlays and off-season mosaics show Cluster 1 in well-served canal areas and Cluster 2 in|
marginal or rain-dependent zones. These are treated as plausibility evidence, not as a quantified
hydraulic-reach model.
Discussion
The two-regime structure is supported through internal validation methods, including inertia
behavior, silhouette analysis, principal component analysis, and additional supporting indices.
Interpretable phenology metrics are used to emphasize parsimony rather than over-partitioning.
Water control is the most plausible organizing factor consistent with the observed patterns; however,
this is explicitly framed as a convergent interpretation based on phenology, lag timing, and
infrastructure context, rather than as definitive causal evidence.

Limitations and scope conditions
Labels are based on time-series behavior and threshold analysis, but are not validated against field
calendars, yield data, or delivery logs. Management decisions may influence NDVI curves
independently of water control.
Canal layers represent designed infrastructure, while actual water delivery depends on operations,
maintenance, sedimentation, gate control, and farmer withdrawals. As a result, canal overlays are
used here as qualitative evidence of plausibility.
NDVI is limited by saturation at high biomass levels and is sensitive to atmospheric artifacts,
Monthly compositing may also miss short-duration events such as flooding or transplanting.
Local soil, topography, and groundwater conditions may confound greenness patterns in areas far]
from canals or reduce greenness near canals.

Conclusion and future work
This dissertation presents an update-ready, high-resolution regime-mapping workflow using 48
monthly PlanetScope NDVI observations from December 2018 to November 2022. Data are
aggregated to a 25-meter hexagonal grid and clustered with DTW-k-means to address phenologicall
misalignment. The selected k = 2 partition is internally validated and produces two interpretable
regimes. Their phenology metrics and rainfall-lag timing patterns differ in ways consistent with
irrigation buffering rather than rainfall dependence, while avoiding causal claims.
Future work priorities include: () targeted ground truthing (planting and harvest dates, yields,
delivery documentation), (i) improved contextual layers (canal condition, outlet use timing, soils),
(i) stronger attribution designs (proximity metrics, upstream and downstream segmentation, before

and after rehabilitation), and (iv) scaling and automation for routine district-wide monitoring.
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