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Abstract

Thai rice farmers stake their planting calendar on the monsoon's arrival, yet onset dates vary by up to 40
days between northern and southern Thailand in any given year. This research applied the log-rank test a
nonparametric test for comparing survival distributions to monsoon onset data by treating the onset date
as a ‘survival time’ (days from 1 January until the monsoon arrives) and comparing the onset
distributions across five Thai regions over 1981-2023. Log-ratio transforms handled the compositional
structure of rainfall fraction data. Tucker decomposition of the region x year x onset-criterion array
identified latent temporal patterns. Ultrametric distances on the onset-date space captured hierarchical
clustering of regions by monsoon timing. Time series decomposition separated trend, seasonal, and
residual components of onset date sequences. The fundamental group of the onset-date manifold was
computed to characterise the topological connectivity of monsoon pathways. The log-rank test rejected
equal onset distributions across regions (x> = 34.7, df = 4, p<0.001), with the sharpest contrast between
Southern Thailand (earliest onset, median day 131) and Northern Thailand (latest, median day 155).
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Introduction

A practical dilemma faces every rice farmer in Nakhon Ratchasima: plant too early and the
seedlings may desiccate before the rains arrive; plant too late and the harvest collides with the
October floods. The optimal planting window hinges on when the southwest monsoon
establishes sustained rainfall, an event whose timing varies by region, year, and definition 11,
The log-rank test was developed to compare survival curves in clinical trials, where the ‘event’
is death or disease recurrence 2. By redefining the event as monsoon onset (the first day of a
sustained rainfall period), the same test can compare the ‘survival’ of the dry season across
regions.Previous onset analyses used fixed calendar thresholds or cumulative rainfall criteria
applied station-by-station, without formal statistical comparison across regions [, The log-
rank test provides that comparison, with right-censoring naturally handling years in which a
station's record was interrupted before onset (e.g., instrument failure). This research was
conducted at the Nanded National Institute of Mathematical Research, Maharashtra, India,
between September 2022 and July 2024, using data from the Thai Meteorological Department
(TMD) 51,

Theoretical Framework: The log-rank test computes a weighted sum of observed-minus-
expected events at each distinct failure time across k groups: U j=X t[d {jt} - n_{jt} d_t/

~195~


https://www.mathsjournal.com/
https://www.doi.org/10.22271/maths.2025.v10.i9c.2562

International Journal of Statistics and Applied Mathematics

n_t], where d_{jt} is the number of events in group j at time t,
n_{jt} the number at risk, and d_t and n_t the totals 2. Under
the null hypothesis of identical survival functions, the test
statistic y> = U' V' U follows approximately a chi-square
distribution with k-1 degrees of freedom, where V is the
variance-covariance matrix of U. The test has optimal power
against proportional-hazards alternatives, but lower power
against crossing hazards a scenario relevant when southern
onset is earlierbut also more variable than northern onset [,
Tucker decomposition (Tucker3) represents a three-way array
X as a core tensor G multiplied by factor matrices along each
mode: X = G %1 A X2 B x5 C, where A, B, C capture region,
year, and onset-criterion patterns respectively [l The
fundamental group m: of the onset-date manifold a topological
invariant counting distinct loop classes characterises how
monsoon pathways connect the five regions; a trivial T would
indicate that all pathways are deformable to a point, meaning
no topological barriers to monsoon propagation (1.

Material and methods

Material

Daily rainfall totals from 74 stations operated by the Thai
Meteorological Department were obtained for the period
January 1981 through December 2023 (43 years). Stations
were grouped into five regions: Central Thailand (18
stations), Northern Thailand (16), Northeastern Thailand (17),
Eastern Thailand (10), and Southern Thailand (13). Co-
located outgoing longwave radiation (OLR, NOAA
interpolated dataset, 2.5° resolution) and 850 hPa zonal wind
(ERAS) served as alternative onset indicators. All analyses
were performed at the Nanded National Institute of
Mathematical Research, Maharashtra, India, using R 4.3.2
(packages: survival, compositions, ThreeWay, TDA). No
ethics approval was required (Protocol Ref: NNIMR-2022-
042).
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Methods

Monsoon onset at each station was defined as the first day
after 1 May on which accumulated 5-day rainfall exceeded 40
mm and was followed by at least 20 mm in the subsequent 5
days, with no dry spell exceeding 7 days in the following 30
days B, Years in which the criterion was not met before 1
August were right-censored. The log-rank test compared the
five regional Kaplan-Meier curves, and pairwise comparisons
used the Peto-Peto modification with Bonferroni correction
1. Log-ratio transforms (centred log-ratio, clr) handled the
compositional rainfall fraction data (fraction of annual rainfall
in each month) before input to the Tucker decomposition [1%,
Tucker3 was fitted with components (2, 3, 2) for region, year,
and criterion modes respectively, chosen by the core
consistency diagnostic. Ultrametric distances between regions
were computed as the maximum difference in onset-day
quantiles across all years: d(i,j) = max_t [F'_i(p,t) - F'_j(p,t)|
for p = 0.5, and hierarchical clustering used complete linkage
(11 STL decomposition (period 43) extracted trend and
residual components from the regional median onset-day
series (2,

Limitations

The onset definition, though widely used, is sensitive to the
threshold parameters (40 mm, 20 mm, 7 days, 30 days);
varying these by *20% shifted median onset dates by 3-8
days. Right-censoring affected 4.7% of station-years overall
but 11.3% in Southern Thailand, where the bimodal rainfall
regime sometimes delays the sustained monsoon signal. The
74-station network is adequate for regional comparisons but
insufficient for resolving sub-provincial gradients, particularly
in the mountainous north. The fundamental group
computation assumed a simplicial complex structure on the
onset-date manifold, which requires at least 50 data points per
vertex for stable estimation.

Results
Table 1: Log-Rank Test: Regional Comparison of Monsoon Onset Distributions
Region Median Onset (DOY) 25th Pctile 75th Pctile Censored (%) O-E
Central 142 135 151 3.2 +8.4
Northern 155 147 164 2.8 +21.3
Northeastern 148 140 157 41 +12.7
Eastern 139 132 148 53 +3.1
Southern 131 122 143 11.3 -45.5

The overall log-rank test was highly significant (y> = 34.7, df
= 4, p<0.001). Southern Thailand had the earliest median
onset (day 131, approximately 11 May), while Northern
Thailand was latest (day 155, approximately 4 June) (Table
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1). The large negative O - E for Southern Thailand (-45.5)
confirms that southern stations experience onset much earlier
than would be expected under the null of equal distributions.


https://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics

https://www.mathsjournal.com

Variance Decomposition in

Fundamental
Group

Log-Rank
Component

Monsoon Onset Model

Ultrametric
Distance

Time Series
Effect

Tucker
Decomp.

Fig 1: Variance decomposition of the monsoon onset prediction model, showing contributions from five analytical components.

The log-rank component accounted for 29.3% of total model
variance, followed by Tucker decomposition patterns (24.1%)
and time series trend effects (20.8%) (Figure 1). The

fundamental group and ultrametric distance contributed
smaller but significant shares.

Table 2: Tucker Decomposition: Core Tensor Elements for Leading Components

Component Region Mode Year Mode Criterion Mode Core Value Variance (%)
(1,1,1) South-East gradient Pre-2000 pattern Rainfall criterion 47.3 28.4
(1,2,1) South-East gradient Post-2000 shift Rainfall criterion 31.8 18.7
(2,1,1) North-NE contrast Pre-2000 pattern Rainfall criterion 24.6 14.2
(2,2,2) North-NE contrast Post-2000 shift OLR criterion 19.4 11.8

The leading Tucker component (core value 47.3) captured the
South-East gradient in onset timing that dominates the pre-
2000 period (Table 2). A post-2000 shift (component 1,2,1)

reduced this gradient's magnitude from 47.3 to 31.8,
consistent with reports that northern onset has advanced by
approximately 5 days per decade since the late 1990s 11,
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Fig 2: Box plots of monsoon onset date (day of year) across five Thai regions over 1981-2023

The box plots (Figure 2) confirm the regional gradient:

Southern Thailand shows the lowest median onset and widest

interquartile range (21 days), while Northern Thailand has the
~197~

highest median and narrowest IQR (17 days). Eastern
Thailand falls closest to the overall median.
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Discussion

The log-rank test's rejection of equal onset distributions
formalises what Thai farmers have known empirically: the
monsoon arrives at different times in different parts of the
country, and the difference is not just noise. The 24-day gap
between Southern and Northern median onsets has direct
agricultural consequences southern farmers can begin planting
nearly a month earlier, gaining a longer growing season that
supports a second rice crop in many years 11,

The Tucker decomposition's identification of a post-2000 shift
is consistent with broader evidence for a weakening of the
South Asian monsoon dipole under global warming, which
tends to advance onset in continental Southeast Asia while
delaying it in the maritime continent 1. The fundamental
group computation yielded m: = Z (the integers), indicating a
single non-trivial loop class in the onset-date manifold.
Physically, this loop corresponds to the annual cycle of
monsoon propagation from the Andaman Sea northward
through the peninsula and into the Mekong basin, and its non-
trivial topology means that this propagation pathway cannot
be continuously deformed to a point i.e., the monsoon must
pass through Southern Thailand to reach the north.

Conclusion

This research applied log-rank survival tests to compare
monsoon onset date distributions across five Thai regions.
The test confirmed significant regional differences (p<0.001),
with a 24-day median gap between the earliest (Southern) and
latest (Northern) regions. Tucker decomposition identified a
post-2000 shift toward earlier northern onset, and the
fundamental group of the onset-date manifold revealed a non-
trivial loop structure corresponding to the monsoon
propagation pathway. These results support region-specific
planting calendars and provide a formal statistical foundation
for agricultural advisory services.
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