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Abstract

This study examined province- and cropping-quarter-specific associations between the El Nifio-Southern
Oscillation (ENSO) and corn yield in the Bicol Region, Philippines, from 1991 to 2020. Quarterly production and
harvested area data for six provinces were used to calculate the yield and subsequently assess long-term trends for
each province—quarter combination. Detrended yield anomalies were compared across El Nifio, Neutral, and La
Nifia conditions, and their continuous and lagged relationships with Nifio 3.4 sea surface temperature anomalies
were evaluated over 4 quarters (Q1-Q4). Corn production was concentrated in Camarines Sur, Albay, and Masbate,
whereas long-term changes in harvested area and yield varied across provinces. ENSO-related yield patterns were
not spatially or seasonally uniform. Catanduanes and Sorsogon showed relatively lower yield anomalies under La
Nifia conditions in Q2-Q4 and Q2-Q3, respectively, whereas Camarines Sur and Albay showed lower yield
anomalies under El Nifio conditions in Q2 and Q3—Q4, respectively. Lag analysis indicated stronger concurrent or
near-term associations in Sorsogon and longer antecedent associations in Catanduanes. However, none of the
relationships remained significant after false discovery rate correction. These results suggest that ENSO-corn yield
associations in the Bicol Region may vary by province, cropping quarter, and antecedent timing and should be
interpreted as exploratory rather than as a uniform regional effect.
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Fig. 1. Location of the Bicol Region and its six provinces in the Philippines, with province-specific shares of regional

corn production during 1991-2020.
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Table 1. Long-term characteristics and trends in corn production across the six provinces of the Bicol Region, 1991-2020

Province Albay CaIr\In;rtiéles Camarines Sur ~ Catanduanes Masbate Sorsogon
Production share (%) 26.14 0.93 54.66 0.26 17.71 0.30
Mean production (t yr™) 43377.42 1545.85 90703.93 429.46 29398.42 500.43
Mean harvested area (ha yr™) 25690.40 1209.33 35882.57 581.55 45047.57 466.77
Mean yield (t ha™) 1.87 1.34 2.44 0.77 0.66 1.42
Production trend (% yr™) 1.47 3.14 6.61 2.79 3.26 -0.46
Harvested-area trend (% yr™) -2.69 -0.44 0.66 -1.37 -0.54 -5.61
Yield trend (% yr™) 4.16 3.58 5.95 4.16 3.79 5.15

(a) Production concentration across provinces
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(c) Decomposition of long-term production change
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Panel (c) decomposes the production trend into harvested-area and yield contributions using log-linear annual changes.

Fig. 2. Long-term production structure and change in corn production across the six provinces of the Bicol Region, 1991-
2020. (a) Province-specific shares of total regional corn production. (b) Mean annual production, harvested area,
and yield by province. (c) Decomposition of long-term changes in total corn production into harvested-area and
yield contributions.
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Fig. 3. Province- and quarter-specific contrasts in detrended corn yield anomalies between El Nifio and La Nifia
conditions in the Bicol Region, 1991-2020. Positive values indicate lower yield anomalies under La Nifia than
under El Niflo, whereas negative values indicate lower yield anomalies under El Nifio. Lines connect quarterly
responses within each province and are intended to illustrate seasonal consistency rather than temporal

continuity.
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Table 2. Detrended corn yield anomalies under El Nifio, Neutral, and La Nifia conditions by province and cropping quarter

in the Bicol Region, 1991-2020

El Nifio - La Nifia

Province El Nifio anomaly (%) n  Neutral anomaly (%) n  La Nifia anomaly (%) n difference (%p)
Q1 -5.32 11 23.37 7 -7.25 12 1.93
Q2 -1.79 6 2.60 18 -6.13 6 433
Albay

Q3 -9.00 4 -1.40 22 10.74 4 -19.75
Q4 -8.61 5 0.90 18 6.18 7 -14.79

Q1 2.88 11 4.29 5 -2.17 11 5.05

Camarines Q2 2.55 6 0.42 18 3.10 6 -0.55
Norte 3 -0.89 4 4.89 22 -17.67 4 16.78

Q4 2.72 4 -0.61 18 1.71 7 1.01

Q1 2.65 11 26.15 7 -3.91 12 6.56
Camarines Q2 -23.27 6 6.27 18 3.17 6 -26.44
Sur 3 11.10 4 0.40 22 -0.13 4 11.23
Q4 10.88 5 4.50 18 -2.33 7 13.21

Q1 3.06 11 3.24 7 -3.14 12 6.20

Q2 2.89 6 8.61 18 -16.11 6 19.00

Catanduanes

Q3 10.10 4 4.14 22 -17.92 4 28.02

Q4 17.07 5 2.17 18 -9.10 7 26.18

Q1 -0.48 11 -7.45 7 2.45 12 -2.93

Q2 -10.07 6 4.13 18 -1.84 6 -8.23

Masbate

Q3 7.84 4 1.62 22 -7.04 4 14.88

Q4 421 4 1.86 10 -6.58 4 10.78

Q1 -4.06 11 1.21 7 2.34 11 -6.40

Q2 10.96 6 0.03 18 -8.52 6 19.48

Sorsogon

Q3 12.06 4 2.43 22 -17.33 4 29.39

Q4 -0.26 5 1.45 18 -0.56 7 0.30

Note. Values are detrended yield anomalies (%) by ENSO phase; the rightmost column is the El Nifio - La Nifia difference in percentage
points (%p). Significance was assessed using Welch's t-test.
* p 0.05 (nominal, uncorrected); none of the 24 province-quarter comparisons remained significant after Benjamini-Hochberg false

discovery rate correction.
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Fig. 4. Province- and quarter-specific sensitivity of detrended corn yield anomalies to Nifio 3.4 sea surface temperature
anomalies in the Bicol Region, 1991-2020. Points indicate regression slopes and horizontal lines show 95%
confidence intervals. Positive and negative slopes denote relatively lower yields toward La Nifia and El Nifio
conditions, respectively.
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Fig. 5. Peak lagged correlations between Nifio 3.4 SSTA and detrended corn yield anomalies for the six province—quarter
combinations with the largest maximum absolute correlations in the Bicol Region, 1991-2020. Labels indicate the
lag with the maximum absolute correlation across LO-L4.
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