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Abstract

This study examined the seasonal and spatial variability of the relationship between the El Nifio-Southern Oscillation
(ENSO) and rainfall in four provinces of the Bicol Region, Philippines, from 1991 to 2020. Quarterly rainfall from
PAGASA synoptic stations in Albay, Camarines Norte, Catanduanes, and Masbate was compared with Nifio 3.4 sea
surface temperature anomalies using linear regression, El Nifio composite analysis, and interprovincial rainfall
correlations. The ENSO-rainfall relationship was the strongest in DJF and MAM, markedly weakened in JJA, and
partially recovered in SON. During JJA, significant negative relationships were retained in Catanduanes and Camarines
Norte, whereas no clear relationships were observed in Albay or Masbate. Composite analysis also showed that rainfall
under El Nifio conditions was 31.0-47.4% lower than that under non-El Nifio conditions in DJF and MAM, whereas the
differences were minor and statistically inconclusive in JJA. The correlation in mean interprovincial rainfall decreased
from 0.84 in DJF and 0.83 in MAM to 0.30 in JJA, before increasing to 0.62 in SON. These results indicate that
ENSO-related rainfall variability in the Bicol Region is not spatially or seasonally uniform. Therefore, ENSO-based
seasonal rainfall information should be differentiated by province and quarter rather than applied uniformly across the
region.
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Fig. 1. Locations of the four study provinces and PAGASA synoptic stations in the Bicol Region, Philippines. Red circles
indicate the Legazpi, Daet, Virac, and Masbate stations representing Albay, Camarines Norte, Catanduanes, and

Masbate, respectively.
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Table 1. Results of linear regression between quarterly rainfall and Nifio 3.4 SSTA by province and quarter during 1991-

2020
Province Quarter n Slope (mm/T) Intercept (mm) R2 p-value
DJF 30 -117.93 406.6 0.515* 8.08e-6
MAM 30 -126.23 198.0 0.478* 2.33e-5
Albay

JJA 30 14.85 240.1 0.015 0.515

SON 30 -47.72 351.1 0.272* 0.003
DJF 30 -132.98 393.5 0.569* 1.45e-6
MAM 30 -122.28 158.4 0.371* 3.50e-4

Camarines Norte

JJA 30 -43.79 206.1 0.217* 0.011
SON 30 -76.23 426.2 0.384* 2.6le-4
DJF 30 -102.07 314.3 0.490* 1.68e-5
MAM 30 -118.21 164.9 0.424* 9.78e-5

Catanduanes

JJA 30 -45.72 219.9 0.199* 0.014
SON 30 -71.36 360.1 0.355* 5.08e-4
DJF 30 -51.42 196.6 0.349* 5.86e-4
MAM 30 -76.90 98.5 0.357* 4.92e-4

Masbate
JIA 30 3.52 175.1 0.003 0.789
SON 30 -32.54 205.3 0.296* 0.002

Note: Asterisks indicate statistically significant relationships at p{0.05. Negative slopes indicate decreasing rainfall with increasing Nifio

3.4 SSTA.
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Fig. 2. Seasonal variation in the coefficient of determination (R2) between Nifio 3.4 SSTA and quarterly rainfall in the four

study provinces. Individual lines represent each province, and the bold line indicates the four-province mean.
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Fig. 3. Coefficient of determination (R2) between Nifio 3.4 SSTA and quarterly rainfall by province and quarter. Hatched

cells indicate relationships with p=0.05.
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Fig. 5. Composite mean quarterly rainfall under El Nifio and non-El Nifio conditions by province during 1991-2020.
Percentage labels indicate the deviation of the El Nifio mean from the corresponding non-El Nifio mean. Asterisks
indicate differences with raw p<0.05 based on Welch's t-test.

Table 2. Composite mean quarterly rainfall under El Nifio and non-El Nifio conditions, with Welch's t-test results, by
province and quarter during 1991-2020

Province Quarter El Nifio mean Non-El Nifio Difference (%) t p
(mm) mean (mm)
DJF 331.3 547.6 -39.5 -3.52 0.002
MAM 158.6 255.2 -37.8 -2.46 0.025
Albay
JA 230.6 258.1 -10.7 -0.84 0.413
SON 327.0 391.6 -16.5 -2.13 0.043
DJF 323.0 527.7 -38.8 -2.77 0.013
MAM 116.2 220.7 -47.4 -2.48 0.023
Camarines Norte
JJA 204.9 202.2 +1.3 0.12 0.906
SON 406.1 459.6 -11.7 -1.30 0.204
DJF 257.9 421.1 -38.8 -2.74 0.013
MAM 126.7 220.7 -42.6 -2.44 0.025
Catanduanes
JA 210.6 231.1 -89 -0.84 0.411
SON 345.4 385.3 -10.4 -1.03 0.310
DJF 170.3 246.8 -31.0 -2.19 0.039
MAM 72.5 136.5 -46.9 -2.11 0.054
Masbate
JA 172.2 180.5 4.6 -0.45 0.656

SON 192.1 227.6 -15.6 -1.45 0.167
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Fig. 6. Seasonal variation in pairwise correlations of quarterly rainfall among the four study provinces during 1991-2020.
Points indicate the mean of the six pairwise correlations, and vertical bars represent the corresponding minimum-—

maximum range.
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