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The influence of ENSO events on winter precipitation anomalies in the Philippines has been
well known since decades, but whether this effect is different between months needs
further exploration. In this study, the monthly variations of precipitation over the Philippines
in winter during the mature phases of ENSO events are investigated with datasets of
reanalysis and observations from 1979 to 2019. Results indicate that only the eastern
Pacific (EP) El Niño shows different influences on the Philippines winter precipitation among
different months. In December during mature EP El Niño events, precipitation deficiency is
not significant over the whole Philippines, whereas in January and February, precipitation
decreases significantly over the southern Philippines as well as the areas to the southeast
of the Philippines. Besides, the correlation between consecutive dry days over the
southeast Philippines and ENSO is significantly positive in January and February but
not in December. The eastward propagation of EP El Niño–related anomalous anticyclone
over the western North Pacific (WNPAC) from December to February is proved responsible
for the changed relationship between EP El Niño and precipitation. In December, the center
of the WNPAC is located to the southeast of the Indo-China Peninsula, inducing weak
lower-level wind anomalies and, consequently, weak vertical movement and water vapor
transport anomalies over the Philippines, which exerts limited influence on the local
precipitation. In January and February, by contrast, the center of WNPAC is located to
the southeast of the Philippines, and therefore the southern Philippines is occupied by
anticyclonic moisture transports and downward vertical motions, favoring less
precipitations and larger than normal consecutive dry days over there.
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INTRODUCTION

El Niño–Southern Oscillation (ENSO) is characterized by anomalous sea surface temperature
(SST) in the tropical Pacific Ocean, exerting significant influence on global climate. During the
life cycle of a typical El Niño event, SST anomalies develop in the boreal autumn, reach the peak in
the subsequent winter, and decay in summer, which is often mentioned as the phase-locking of
ENSO (Neelin et al., 2000; Chen and Jin, 2020). Accordingly, the boreal winter is often considered
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as the El Niño mature phase, during which an anomalous
anticyclone over the western North Pacific (WNPAC) is
resulted from the Rossby wave feedback exerted from the
warmer than normal eastern Pacific Ocean and the Kelvin
wave response from the warm Indian Ocean (Zhang et al.,
1999; Wang et al., 2000; Xie et al., 2009; Wen et al., 2019).
The anomalous WNPAC modifies the climatological wind
over Southeast Asia at the level of 850 hPa, inducing
anomalous precipitation and extreme climate. Besides, it has
been pointed out that ENSO influences the South China Sea
(SCS) summer monsoon onset (Zhou and Chan, 2010; Zhu and
Li, 2017), the western North Pacific tropical cyclones, and
the interannual variation of precipitation (Du et al., 2011; Ge
et al., 2016). Negative correlation exists between ENSO and the
winter precipitation in Southeast Asia (Wang et al., 2020).
However, previous studies about the ENSO influence on
Southeast Asia precipitation have mainly concentrated on
seasonal averages, while the sub-seasonal characteristics have
not yet been comprehensively revealed. In fact, the influence of
Pacific SST anomalies on northeast Asia summer precipitation
has been reported non-consistent during the whole summer and
sometimes shows significant sub-seasonal variations (Xu et al.,
2017). The El Niño–related precipitation anomalies over
Southeast Asia is different between periods of early and
late summer (Fan et al., 2019). Therefore, to investigate the
ENSO-related winter precipitation anomaly from a monthly
perspective is of great importance.

Recently, a center type of ENSO has gained worldwide
attention (Larkin and Harrison, 2005; Yu and Kao, 2007;
Ashok and Yamagata, 2009; Zhang et al., 2011; Zhang et al.,
2019). The extraordinary SST anomalies during a classic ENSO
are confined to the eastern tropical Pacific Ocean, which is
hereafter abbreviated as eastern Pacific (EP) ENSO, while the
center Pacific (CP) ENSO represents events with dominant SST
anomalies over the central Pacific Ocean. These two types of
ENSO have been demonstrated to have different influences on
the atmospheric circulation, temperature, and precipitation over
East Asia (e.g., Zhu et al., 2013; Li et al., 2018). Nevertheless,
previous studies on ENSO-related precipitation anomalies over
Southeast Asia seldom make the two types of ENSO
distinguished. In order to investigate the impact of a certain
type of ENSO on the precipitation in Southeast Asia in more
details, we calculated the precipitation anomalies during EP
ENSO and CP ENSO first. It is found that only the EP-El Niño
event has considerable different influences on Philippines
precipitations in different winter months (figure not shown).
Therefore, the following study only focuses on the monthly
variations of precipitation anomalies over the Philippines
during mature phase of the EP El Niño.

The Philippines is located in the Southeast of Asia with tropical
climate. Warm temperature and abundant precipitation features
developed agriculture economy in the Philippines. It is pointed out
that the extreme dry events mostly occur in winter over the
Southeast Asia (Yao et al., 2010), and the strongest influence of
El Niño on Southeast Asia is also in winter. Precipitation deficiency
and long consecutive dry days without rainfall highly impact the

irrigation and human activity. Therefore, this study concentrates
on the precipitation anomalies during the winter of El Niñomature
phases, and to further investigate the anomalous precipitation over
the Philippines during EP-El Niño in a monthly view is of great
importance to the prediction source and provide theoretical
support for local disaster prevention and mitigation and climate
prediction.

The rest of this article is organized as follows: Datasets and
methods are introduced in Datasets and methods; the monthly
variation of precipitation anomalies and consecutive dry days
(CDD) around the Philippines in winter during the mature phase
of ENSO is revealed in Precipitation anomalies during mature
phase of El Niño, and the responsible reasons are analyzed in

FIGURE 1 | Composite precipitation anomalies (units: mm day−1)
derived from the CMAP dataset during El Niño mature phases in (A)
December, (B) January, and (C) February. Dotted areas indicate the 0.05
significance level.
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Reason analysis; a conclusion and discussion is made finally in
Conclusion and Discussion.

DATASETS AND METHODS

Monthly precipitation datasets used in this study are derived from
the Climate Prediction Center Merged Analysis of Precipitation
(CMAP) with a horizontal resolution of 2.5 ° × 2.5 °over both land
and ocean (https://psl.noaa.gov/data/gridded/data.cmap.html),
which have been proven predominant in the tropical areas (Xie
and Arkin, 1997). Besides, the monthly Climatic Research Unit
(CRU) Time-Series version 4.04 land precipitation data (https://
crudata.uea.ac.uk/cru/data/hrg/) with a finer horizontal resolution of
0.5 ° × 0.5 ° (Harris et al., 2020) are also employed to validate the
CMAP results and eliminate the uncertainty brought from data.
Both datasets cover the study period of 1979–2019. The
corresponding circulation and moisture data are obtained from
the NCEP/DOE Reanalysis II with a resolution of 2.5 ° × 2.5 °

(https://psl.noaa.gov/data/gridded/data.ncep.reanalysis2.html). The
outgoing long radiation dataset is provided by the NOAA
Interpolated Outgoing Longwave Radiation (OLR) dataset
(https://psl.noaa.gov/data/gridded/data.interp_OLR.html).

The historical EP El Niño events (1979–1980; 1982–1983;
1986–1988; 1991–1992; 1997–1998; 2006–2007; 2014–2016) are
defined by the National Climate Center, China Meteorological
Administration (https://cmdp.ncc-cma.net/pred/cn_enso_index.
php). The EP ENSO index is calculated as

IEP � INino3 − αINino4,

where INiño3 and INiño4 represent the SST anomalies averaged over
the Niño three region (150 °W–90 °W, 5 °S–5 °N) and the Niño four
region (160 °W–150 °W, 5 °S–5 °N). To be noted, α equals 0.4 when

INiño3 and INiño4 are consistently positive or negative, otherwise α
equals 0. An EP El Niño is determined when IEP is larger than 0.5 °C
for at least three months. The CDD is defined as the number of
consecutive dry days (when precipitation <1.0 mm) during a certain
period, and the monthly dataset of CDD is derived from the Met
Office Hadley Centre observation dataset HadEX3 (https://www.
metoffice.gov.uk/hadobs/hadex3/download.html). The CDD index
over the southeast of the Philippines is calculated as the spatial
average of CDD values over the area of 5 °N–15 °N, 122 °E–127 °E.

In this study, winter is defined as the period fromDecember of
the previous year to February of the current year. For example,
winter for 1980 refers to December of 1979 and January and
February of 1980. The two-tailed Student’s t-test is used to test the
significance of the difference and correlation between two
samples, with the significance level set as 0.05 in the current study.

RESULT

Precipitation Anomalies During Mature
Phase of El Niño
Aiming at more accurate investigations on the impact of a certain
type of ENSO on the precipitation over the Philippines, we calculate
the precipitation anomalies during EP and CP ENSO. Among four
types of ENSO events (EP El Niño, CP El Niño, EP La Niña, and CP
La Niña), only the influence from EP El Niño features considerable
monthly variations (figures not shown). Therefore, the following
analyses focus on the precipitation anomalies in winter months
during the mature phase of EP El Niño.

As shown in Figures 1 and 2, El Niño shows weak impact on the
simultaneous precipitation inDecember, whereas significant influence
can be detected in January and February. In December duringmature
El Niño events, precipitation deficiency over the Philippines is not

FIGURE 2 |Composite precipitation anomalies (units: mm month−1) derived from the CRU dataset during El Niñomature phases in (A)December, (B) January, and
(C) February. Shaded areas indicate the 0.05 significance level.
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significant, while in January and February, precipitation decreases
significantly over the southern Philippines and the ocean to the
southeast of the Philippines (Figure 1). The ocean to the east of
the Philippines is covered by stronger negative precipitation anomalies
in January and February (Figures 1B,C) than in December
(Figure 1A). The maxima anomalous center of precipitation is
located at around 128 °E and 12 °N in December with an intensity
of around –3mm per day (Figure 1A), while the maxima anomalous
center of precipitation is located at around 128 °E and 9 °N in January
and February with a negative value stronger than –4mm per day.
Moreover, similar results are also derived from land precipitation
dataset with a finer resolution (Figure 2). In December, precipitation
anomalies are relatively weak and not significant over the Philippine
Islands (Figure 2A). In January and February, by contrast,
significantly negative anomalies of precipitation occupy the
southeast of the Philippines (Figures 2B,C).

Furthermore, the significant precipitation deficiency over the
southeast of the Philippines in January and February during the
mature phase of El Niño is accompanied by anomalous CDD over
there. The CDD index over the southeast Philippines is calculated
and compared with the Niño 3.4 index as shown in Figure 3 for
differentmonths in winter. To be noted, limited by the length of valid
data, the CDD index only covers a period of 1978–2009. In
December, the ENSO index shows nonsignificant correlation with
the CDD index with a correlation coefficient of 0.19 (Figure 3A),
whereas in January and February, the correlations are significant with
correlation coefficients of 0.55 and 0.48, respectively (Figures 3B,C).
That is, in consistent with the monthly mean precipitation anomaly,
the extreme events in terms of CDD also showmonthly variations in
winter under influences of El Niño. Relationship between El Niño
and the CDD index over the southeast Philippines is weak in
December but intense in January and February.

Reason Analysis
Analysis in (Precipitation anomalies during mature phase of El
Niño) reveals that El Niño exerts relatively weak influence on
the precipitation anomalies around the Philippines in
December while strong influence in January and February.
The possible underlying mechanisms for such a monthly
variation are further explored in this subsection. Previous
studies have pointed out that the WNPAC is an important
linkage between El Niño and precipitation anomalies in
Southeast Asia (Zhang et al., 1999; Wang et al., 2000). As a
Rossby wave feedback of the warmer than normal eastern
Pacific Ocean, anticyclonic wind anomalies occupy the
Philippines during El Niño mature phase, leading to less
precipitation over there. The SST anomaly over the SCS and
the position of theWNPAC evolve from the El Niño developing
autumn to its mature phase: warm (cold) SST anomaly over the
SCS increases (decreases) rapidly and the anticyclonic anomaly
moves eastward from the Indian Ocean to the SCS (Wu et al.,
2003; Huang et al., 2013). Similar pattern is also detected in the
evolution of the WNPAC from December to February in the
winter during mature El Niño (Figure 4). Warm SST anomalies
expand to the SCS from December to January and finally cover
the whole SCS in February. Meanwhile, cold SST anomalies
withdraw from the SCS and move eastward to the western

North Pacific Ocean. Consistently, the WNPAC marches
eastward from the SCS to the southeast of the Philippines
(Figure 5). Such eastward motion of the WNPAC could be
attributed to the air–sea interactions induced by the changing
SST anomalies over the SCS (Chen et al., 2007) and modulate
the local circulation and precipitation over the Philippines.

In December, the center of the WNPAC is located at around
111 °E and 10 °N to the southeast of the Indo-China Peninsula,
showing relatively weak influence on the lower-level wind
anomalies over the Philippines with nonsignificant wind
anomalies at 850 hPa (Figure 5A). In January and February,
the center of the WNPAC shifts to the east of 128 °E dominating
the Philippines (Figures 5B,C), which tends to suppress the local
precipitation. Considering that the upward motion and sufficient
water vapor are crucial conditions favoring precipitation, further

FIGURE 3 | Time series for CDD index (orange) over the southeast
Philippines and ENSO index (blue) in (A) December, (B) January, and (C)
February.
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analyses focus on the OLR, vertical velocity, and water vapor
transport anomalies during El Niño mature phase for December,
January, and February, respectively. The negative (positive) OLR
represents the enhanced (suppressed) convection and hence
more (less) cloud coverage. As shown in Figure 6, in winter
during mature phase of El Niño, the southern Philippines is
occupied by positive OLR anomalies. The anomalous OLR in

January (Figure 6B) and February (Figure 6C) are stronger than
that in December (Figure 6A), showing more favorable
conditions for the occurrence of precipitation deficiency in
January and February. Besides, vertical velocity anomalies
over the Philippines are almost zero in December during the
mature phase of El Niño (Figure 7A). By contrast, significant
positive vertical velocity anomalies with magnitudes of

FIGURE 4 | SST anomalies (units: k) during El Niño mature phases in (A) December, (B) January, and (C) February. The red box indicates the study area.
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∼0.02 Pa s−1 occur over the southeast to the Philippines in
January (Figure 7B) and February (Figure 7C). That is,
significant descending anomalies dominate the Philippines in
January (Figure 7B) and February (Figure 7C) and reduce the
local precipitation, while the downward motion is rather weak

and not significant in December (Figure 7A). Moreover,
Figure 8 describes the lower-level water vapor transport
anomalies over Southeast Asia to present the conditions of
moisture supply. In December during the winter of El Niño
mature phase, anticyclonic water vapor transport anomalies

FIGURE 5 | 850 hPa wind anomalies (units: m s−1) during El Niño mature phases in (A) December, (B) January, and (C) February. Dotted areas indicate the 0.05
significance level. “A” indicates the center of an anticyclone.
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are located over the center of the SCS, exerting limited influence
on the Philippines (Figure 8A). With respect to January
(Figure 8B) and February (Figure 8C), the anomalous
anticyclonic water vapor transport occurs over the southeast
to the Philippines, which is favorable for negative precipitation
anomalies.

CONCLUSION AND DISCUSSION

Based on multiple datasets of reanalysis and observation, this study
reveals a sub-seasonal variation of the El Niño–related precipitation
anomalies over the Philippines from December to February. The
present study emphasizes the evolutions of relationship between El

FIGURE 6 | OLR anomalies (units: W m −2) during El Niño mature phases in (A) December, (B) January, and (C) February. Dotted areas indicate the 0.05
significance level.
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Niño and monthly precipitation in winter, reflecting the
importance to reveal the source of sub-seasonal climate
variation and sub-seasonal predictions. Compared with previous
studies, there have been greater focuses on the month-to-month
variation of ENSO influences on specific regions. In the December
during EP El Niño mature phase, precipitation anomalies are
relatively weak over the Philippines and its surrounding areas.

In January and February, by contrast, significant precipitation
anomalies are detected over the southeast Philippines and the
sea surface to the east of the Philippines. Besides, the
relationship between ENSO and the consecutive dry days
(CDD) over southeast of the Philippines in December is
nonsignificant with a correlation coefficient of 0.19, whereas the
correlation coefficients between ENSO and CDD in January and

FIGURE 7 | Vertical velocity anomalies (units: Pa s−1) during El Niño mature phases in (A) December, (B) January, and (C) February. Dotted areas indicate the 0.05
significance level.
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February are 0.55 and 0.48, respectively, being significant according
to the Student’s t-test at the 0.05 significance level. Such a sub-
seasonal variation of precipitation anomalies could be attributed to
the eastward moving of the WNPAC. The WNPAC induced by El

Niño–related warm SST anomalies is located to the south of Indo-
China Peninsula in December, while over the south Philippines in
January and February (Figure 4), corresponding well to previous
studies which indicate that from autumn to winter during El Niño

FIGURE 8 | Water vapor transport anomalies (units: kg m−1 s−1) during El Niño mature phases in (A) December, (B) January, and (C) February. Dotted areas
indicate the 0.05 significance level. “A” indicates the center of an anticyclone.
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events, the warm SST over the SCS increases rapidly along with the
anticyclonic anomaly moving eastward from the Indian Ocean to
the SCS (Wu et al., 2003; Huang et al., 2013). Therefore, in
December, the weak circulation anomalies show limited
influence on the OLR (Figure 6), vertical velocity (Figure 7),
and the water vapour transport over the Philippines (Figure 8),
and finally result in nonsignificant precipitation anomalies. In
January and February, by contrast, the suppressed convection
(Figure 6), downward motion (Figure 7), as well as the
unfavorable moisture conditions induced by the anomalous
anticyclonic water vapour transport over the Philippines
(Figure 8) jointly lead to deficient precipitation and larger CDD.

It has been pointed out that the Kuroshio anticyclonic
anomalies can significantly modulate the influences of ENSO
on the western Pacific winter climate (Gong et al., 2019). The
existence of the Kuroshio anticyclone may decrease the pressure
gradient between East Asia and the North Pacific, which facilitates
the northward extension of the southerly wind anomalies from
the anticyclone over the Philippines. Therefore, the intensity of
the ENSO-related Kuroshio anticyclone might be a factor
influencing the winter precipitation over the Philippines, which
is to be further investigated in the future. Besides, model
simulations of the Coupled Model Intercomparison Project are
effective in investigating the impact of ENSO on climate
variability (Gong et al., 2014, 2015). Therefore, the state-of-
the-art models would also be employed for associated
simulations and predictions in the future. To be noted, the
study only focuses on the El Niño mature phases, but how the
other phases of El Niño exert influences on the local sub-seasonal
climate is in need of further investigation.
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