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Discovery of Chile Nifio/Nifa

Jiaging Xue' (), Jing-Jia Luo’, Chaoxia Yuan'? (), and Toshio Yamagata'>

'Key Laboratory of Meteorological Disaster of Ministry of Education, Joint International Research Laboratory of Climate
and Environment Change, Collaborative Innovation Center on Forecast and Evaluation of Meteorological

Disasters, Institute for Climate and Application Research (ICAR), Nanjing University of Information Science and
Technology, Nanjing, China, 2Application Laboratory, Japan Agency for Marine-Earth Science and Technology,
Yokohama, Japan

Abstract A new air-sea coupled mode is discovered off the coast of northern Chile and named Chile
Nifno/Nina. It shows remarkable interannual variability in sea surface temperature (SST) with the peak in
austral summer from January to March. The related warm (cold) SST anomalies are mainly generated by
anomalous southward (northward) alongshore surface winds that suppress (enhance) the coastal upwelling
and subsurface mixing and, in turn, reinforce the wind anomalies by heating (cooling) the overlying
atmosphere and strengthening the anomalous cross-shore pressure contrast. The positive feedback is called
the coastal Bjerknes feedback in analogy to the equatorial Bjerknes feedback that is responsible for
generation of El Nifio-Southern Oscillation. The anomalous surface shortwave radiation through the
SST-low stratus cloud thermodynamic feedback and the variation in the mixed-layer depth play positive
roles in the evolution of Chile Nifio (Nifia). In contrast, the wind-evaporation-SST feedback plays almost no
role in the evolution.

Plain Language Summary The coastal air-sea coupled modes occur along eastern boundaries of
most of major subtropical oceans and have noticeable biogeochemical impacts on marine ecosystems.
However, no such phenomenon has been reported in the southeast Pacific so far. Here, by carefully
removing the influence of El Nifio-Southern Oscillation, we have discovered a new coastal climate mode off
northern Chile and named it Chile Nifio/Nifa. The intrinsic climate mode along the coast is generated by
the coastal Bjerknes feedback among alongshore surface winds, coastal upwelling, and the SST anomalies.
The anomalous surface shortwave radiation and the variation in the mixed-layer depth contribute to the
evolution of Chile Nifio/Nifia. Our results reveal the existence and generation mechanism of Chile
Nifio/Nifia for the first time, which advance our knowledge of ocean-atmosphere-land coupled interactions
and may provide new insights into the research of marine ecology and blue economy.

1. Introduction

Active ocean-atmosphere coupling over equatorial oceans generates several important climate modes, such
as the El Nifo-Southern Oscillation (ENSO; Bjerknes, 1969; Philander, 1990), Indian Ocean Dipole
(IOD; Saji et al., 1999; Webster et al., 1999), and the Atlantic Nifio (Zebiak, 1993), which contribute remark-
ably to the interannual variability of tropical sea surface temperatures (SSTs). Among those, ENSO is the
strongest one; it is known to be generated by the equatorial Bjerknes feedback between trade winds and
SST anomalies through oceanic processes (Bjerknes, 1969; Philander et al., 1984). To some degree, coastal
oceans off the eastern boundaries of subtropical basins are dynamically analogous to equatorial oceans,
because equatorward alongshore surface winds drive subsurface cold water upwelling just like the equator-
ial upwelling driven by the trade winds (Yoshida, 1959). Anomalous alongshore surface winds induce
coastal SST anomalies through upwelling processes, and the resultant SST anomalies in turn force the atmo-
sphere and influence the land-sea pressure gradient, thus reinforcing initial alongshore wind anomalies. The
regional positive feedback involving the ocean-atmosphere-land interaction is called the coastal Bjerknes
feedback (Kataoka et al., 2014; Yuan & Yamagata, 2014), through which anomalous SST warming/cooling
events occur in eastern boundary of subtropical basins interannually. Those El Nifio/La Nifia-like phenom-
ena are named coastal Nifio/Nifa in analogy of ENSO.

Since those coastal regions correspond to habitats of highly productive but also fragile marine ecosystems,
the occurrence of coastal Nino/Nina events thus have critical impacts on marine ecology and blue
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economy (Binet et al., 2001; Capone & Hutchins, 2013; Prospectus for CLIVAR Research Focus on Eastern
Boundary Upwelling Systems, 2018). For example, an extreme Ningaloo Nifio off the west coast of Australia
in the southeast Indian Ocean in 2011 severely damaged local fishery and coral reef (Depczynski et al., 2013;
Pearce & Feng, 2013; Wernberg et al., 2013). Therefore, investigating the occurrence and underlying drivers
of coastal Nifio/Niifia are of great biological and socioeconomic importance.

In previous studies, several coastal Nifio/Nifia phenomena have been identified and catalogued as coastal
climate modes. Those are the well-known Benguela Nifio/Nifia off southwestern Africa (Liibbecke et al.,
2010; Shannon et al., 1986), Ningaloo Nifio/Nifa off western Australia (Feng et al., 2013; Kataoka et al.,
2014, 2017; Tozuka et al., 2014), California Nifio/Nifia off the west coast of North America (Durazo &
Baumgartner, 2002; Simpson, 1983; Yuan & Yamagata, 2014), and the Dakar Nifio/Nifia off Senegal
(Oettli et al., 2016). Those climate modes are located at regions with active coastal upwelling and along
the eastern rims of subtropical highs. In fact, the coastal oceans off Chile are also characterized by strong
upwelling all year round (Figure S1 in the supporting information). Moreover, the SST anomalies there
are found to exhibit strong interannual variability. For example, an extreme warm SST event occurred dur-
ing March 2015, causing catastrophic floods over Chile's Atacama Desert and extremely warm surface air
temperature throughout Southern Chile (Barrett et al., 2016; Wilcox et al., 2016). Hence, it is reasonable
to expect a similar coastal phenomenon even in the South Pacific. However, we cannot find such a clear sig-
nal off the west coast of subtropical South America (Figure S2a). This may be due to the influence of strong
ENSO variability on the north side including the recently emphasized coastal El Nifio, which represents
stand-alone SST variability off Peru in the far-eastern Pacific (Hu et al., 2019; Liibbecke et al., 2019;
Takahashi & Martinez, 2019). Therefore, identifying coastal Nifio/Nifia in the subtropical South Pacific is
a challenge, and this motivates us to do the present research.

2. Data and Methodology
2.1. Data Sets

The SST data used is the Hadley Centre SST (HadISST) with 1° X 1° resolution during 1958-2013 (Rayner
et al., 2003). Monthly mean atmospheric reanalysis data for the same period, including sea level pressure,
surface winds (10 m), air temperature, geopotential height, and low cloud cover are obtained from the
Japanese 55-year Reanalysis (JRA-55), the longest third generation reanalysis that assimilates the full obser-
ving systems (Kobayashi et al., 2015). From the same data set, the sensible and latent heat fluxes, as well as
surface net shortwave and longwave radiation are employed to investigate atmosphere-ocean heat
exchanges. All surface heat flux components are positive downward. The ocean subsurface temperature
and horizontal circulation are based on the Simple Ocean Data Assimilation (SODA) version 2.2.4 spanning
1958-2010 (Carton & Giese, 2008). Moreover, the climatology of ocean vertical velocity is provided by Global
Ocean Data Assimilation System (GODAS) data over 1982-2013 (Behringer & Xue, 2004).

2.2. Methods

The mixed-layer depth (MLD) is defined as the depth where ocean temperature decreases from the
near-surface value at 10 m by 0.2 °C (de Boyer Montégut et al., 2004). On this basis, mixed-layer heat balance
is diagnosed by taking MLD variation into account. Following Kataoka et al. (2017), the mixed-layer tem-
perature tendency equation is expressed as follows:

My Q 1
&t pch h

[ nv Tz [0 00n ¥ T)dz + o M
where T, is the mixed-layer mean temperature, Q is net surface heat flux into the ocean, and p and ¢, are the
density and specific heat of sea water, respectively. & is the MLD; V is the horizontal velocity; x;, is horizontal
diffusion coefficient; g_, denotes heat flux at the bottom of the mixed-layer representing entrainment,
which, in turn, can be influenced by vertical advection (Greatbatch, 1985). The four terms on the
right-hand side of equation (1) represent surface heating/cooling, horizontal advection, horizontal diffusion,
and vertical processes, respectively. Because of the smallness of horizontal diffusion, the fourth term can
thus be estimated by the difference between the mixed-layer temperature tendency and the first two terms
on the right-hand side (Kataoka et al., 2017; Morioka et al., 2011; Morioka et al., 2012).
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To better understand anomalous surface heating/cooling term, its variation can be written as follows:

(_Q > _Q _Qnr + Res, ()
pcph peph peph h

where the overbar (prime) here indicates the long-term climatology (anomaly). The first term on the right is
associated with surface heat flux anomaly and called the flux anomaly effect; the second term is contributed
by climatological surface heat flux under changing mixed layer heat capacity and thus referred to as the heat
capacity anomaly effect. The residual represents higher-order nonlinear terms (Kataoka et al., 2017; Morioka
et al., 2010).

Since both alongshore winds induced Ekman transport and wind stress curl induced Ekman pumping drive
upwelling, the coastal upwelling index is thus defined by summing the offshore Ekman transport and verti-
cal transport due to Ekman pumping over the coastal region (Castelao & Barth, 2006; Fennel et al., 2012;
Pickett & Paduan, 2003; Santos et al., 2012). The calculation is based on the JRA55 wind fields over 80°-
70°W and 35°-20°S (see supporting information Text S1 for more details). Moreover, the alongshore wind
index and MLD index are constructed by averaging meridional surface winds and MLD over the same
region, respectively. To represent ENSO signal, especially the SST variability associated with coastal El
Nifio in the far-eastern Pacific, the Nifiol + 2 index is thus employed, which is defined as the areal averaged
SST anomalies over the region 90°-80°W and 10°S-0°.

3. Results
3.1. The Identification of Chile Nifio/Nifa

It is natural to consider that the subtropical SST variability off the west coast of South America is dominated
by nearby ENSO signal spreading from the tropics (Figure S2a). However, careful analyses demonstrate the
SST anomalies off Chile include those independent of ENSO (Figure S2b). Here we show the warm event in
1960 and the cold event in 1991 as two examples. The off-Chile SST warm/cold events are found to occur
without preceding or simultaneous ENSO signal, suggesting the existence of drivers other than ENSO
(Figures S3 and S4). To investigate the intrinsic SST variability linked to subtropical air-sea interaction,
the simultaneous ENSO signal represented by Nifiol + 2 index is then removed from the interannually vary-
ing monthly mean SST for each month of the year by linear regression. The standard deviation of the resi-
dual SST anomalies shown in Figure 1la now captures the striking SST variations off the west coast of
Chile. The first empirical orthogonal function (EOF) mode of the SST anomalies displays a similar pattern
to the standard deviation and explains 45% of the total variances (Figure 1b). Hereafter, we call this coastal
phenomenon “Chile Nifio/Nifia”. Based on the EOF analysis, the Chile Nifio/Nifia index (CNI) is defined
simply as the mean residual SST anomalies (with the ENSO signal removed) over the domain extending
from 80°W to 70°W and from 35°S to 20°S (blue box in Figure 1a). As expected, the monthly CNI is highly
consistent with the principle component of EOF1 with a correlation of 0.82, which is significant at the 99%
confidence level (Figure 1c). Hence, the CNI captures well the coastal SST variability off Chile. Figure 1d
shows the seasonally stratified standard deviation of CNI. We find that the evolution of Chile Nifio/Nifia
is phase locked to the annual cycle, with the largest interannual variability in austral summer from
January to March (JFM), just like Ningaloo Nifio/Nifia, when the coastal MLD is the shallowest
(Figure S5). On this basis, the general seasonal evolution of Chile Nifio is presented in Figure S6. No preced-
ing or simultaneous ENSO signal is found to accompany the Chile Nifio, suggesting it is a new concrete cli-
mate signal independent of ENSO.

3.2. Air-sea Coupled Variations Linked to Chile Nifio/Nifa

The coevolutions of atmospheric circulation and SST anomalies are derived by calculating lead-lag regres-
sions onto the JFM CNI. As depicted in Figure 2, low sea level pressure anomalies and associated cyclonic
anomalies are observed off Chile 2-3 months prior to the peak of Chile Nifio. This atmospheric precursor
may be related to the variability of the South Pacific High. The anomalous cyclone corresponds to southward
alongshore surface wind anomalies, which lead to the weakening of offshore Ekman transport and coastal
upwelling, thus contributing to the warming of SST. Once the coastal ocean is anomalously warmed through
oceanic processes, it starts heating the overlying atmosphere and induces baroclinic responses over the
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Figure 1. The spatiotemporal characteristics of Chile Nifio/Nifia mode. (a) Standard deviation and (b) first empirical
orthogonal function (EOF) mode of monthly SST anomalies during 1958-2013 derived from the residual HadISST data
after linearly removing the ENSO signal. The blue box in (a) denotes the region for Chile Nifio/Nifia index (CNI). The
percentage of total variance explained by the EOF1 reaches 45%. (c) Normalized time series of EOF1 (red) and CNI (blue).
(d) The seasonally stratified standard deviation of the CNI.

ocean with negative geopotential height anomalies in the lower troposphere (Figure S7). This strengthens
the land-sea contrast in near-surface pressure anomaly, reinforces the anomalies of southward alongshore
winds in turn and thus further weakens the coastal upwelling. As a result, the initial warm SST anomalies
grow. To illustrate more clearly the air-sea coupled processes over the coastal Chile Nifio/Nifia region,
Figure 3 shows the lead-lag correlations of JFM CNI with the alongshore wind index and coastal upwelling
index (see section 2.2). The anomalies in SST evolve synchronously with the alongshore surface winds and
coastal upwelling anomalies, reaching the peak phase in JFM. The coevolution of these variables demon-
strates the coastal Bjerknes feedback plays an essential role in driving the development of Chile Nifio/Nifia.

In addition to the dynamical coastal Bjerknes feedback, anomalous surface heating also contributes to the
evolution of Chile Nifio. As illustrated in Figure S8, anomalous surface warming is observed over the
Chile Nifio region during the developing phase. It should be noted that this anomalous surface heating is
associated with changes in both the net surface heat flux into the ocean and MLD (equation (2)). Because
the surface wind anomalies are against the climatology, the MLD is anomalously shoaled due to the
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Figure 2. Atmospheric circulation and SST anomalies associated with Chile Nifo. (a-f) Lead-lag regressions of 3-month
running averaged SST (°C; shading), sea level pressure (hPa; contours) and 10-m winds (m s7h vectors) onto the nor-
malized JFM CNI for the period 1958-2013. Negative (positive) lags indicate the months that the JFM CNI lags (leads).
Shown are only the regressed SST anomalies that are significant at the 95% confidence level (based on a two-tailed
Student's ¢ test). The domains used to calculate mixed-layer heat balance for the nearshore (blue box; 80°-70°W, 35°-20°S)
and offshore (green box; 110°-90°W, 25°-15°S) Chile Nifio/Nifia regions are indicated in (d).

weakened surface wind speed, and significant negative correlations between JFM CNI and mixed-layer
depth index (see section 2.2) are thus observed (blue line in Figure 3). Therefore, during the developing
phase of Chile Nifio, the anomalously thin MLD amplifies the warming effect of the positive net surface heat
flux (Figure S9).

3.3. Mixed-Layer Heat Balance Analyses for Chile Nifio/Nifia Evolution

To measure the relative importance of various processes that contribute to the Chile Nifio/Nifia evolution,
we analyzed the mixed-layer heat balance in detail over the nearshore region (the blue box in Figure 2d).
As shown in Figure 4, during the developing phase, the tendency of SST is highly positive and reaches a max-
imum two months before the peak (black solid line). The ocean vertical processes (red dashed line) and sur-
face heating (orange dashed line) are two major contributors to the positive SST tendency. The warming
effect of the ocean vertical processes is largely related to surface wind reduction; the anomalous southward

alongshore winds weaken the coastal upwelling, and the decreased clima-

0.8 —

0.4 —

-0.4

-0.8 —

tological equatorward surface winds weaken the entrainment of the sub-
surface cold water by the wind stirring, thus leading to the warming

of SST.

I Figure 4b further decomposes the contribution of net surface heat flux
into four components. We find surface warming is caused by the surface
— NI cul shortwave radiation (red dashed line) and sensible heat flux (orange
o ASWI MLDI dashed line), whereas contributions of latent heat flux have cooling effects

Figure 3. Ocean-atmosphere coupled processes linked to Chile Nifio.

L L B - oppositely. Owing to strong subsidence of air-flow near the eastern edge of

0 4 8 the subtropical high, the ocean there is covered generally by low-level
Lag (month)

stratus clouds that have cooling effects on the surface by reflecting back
the shortwave radiation (Klein et al., 1995; Klein & Hartmann, 1993).

Lead-lag correlation coefficients between JFM CNI and 3-month running Previous studies suggested the SST-low stratus clouds feedback plays an
mean CNI (green filled bar), alongshore wind index (ASWI; red line), and ~ important role in climate variability over the eastern subtropical oceans
coastal upwelling index (CUT; gray filled bar) for the period 1958-2013. (Clement et al., 2009; Philander et al., 1996). To examine possible roles

Similar lead-lag correlation between JFM CNI and the mixed-layer depth
index (MLDI; blue line) during 1958-2010 is also plotted. Negative (positive)
numbers in X axis indicate the months that JFM CNI lags (leads).

of the above process, the lead-lag regressed patterns of surface net short-
wave radiation and low cloud cover are shown in Figure S10.

Correlation coefficients above (below) 0.26 (—0.26) are significant at the 95% Accompanying the initial warm SST anomalies, the amount of low cloud

confidence level.

cover over the nearshore Chile Nifio region is decreased significantly,
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Figure 4. Mixed-layer heat budget governing the Chile Nifio evolution. (a) Mixed-layer heat balance and (b) surface heat
flux contribution averaged over the nearshore box of Chile Nifio region during 1958-2010, shown as lead-lag

regressions onto the normalized JFM CNI. In (a), regressed anomalies of mixed-layer temperature tendency (black solid
line) and its three contributors: warming/cooling by net surface heat flux (orange dashed line), ocean vertical processes
(red dashed line), and horizontal advection (green dashed line). In (b), regressed anomaly of total surface heat flux
contribution (black solid line) and anomalous contributions from the shortwave radiation (red dashed line), longwave
radiation (green dashed line), latent heat flux (blue dashed line), and the sensible heat flux (orange dashed line). (c)
Lead-lag regression of terms in equation (2) onto the normalized JEM CNI for the shortwave radiation. The total contri-
bution anomaly (black line), the first term (blue line, flux anomaly effect), the second term (red line, capacity anomaly
effect), and the residual (gray line) on the right-hand side of equation (2) are shown. (d) Asin (c), but for the latent heat flux.

which leads to increased downward shortwave radiation and thus reinforces the warm SST anomalies. The
SST-stratus clouds-shortwave radiation positive feedback certainly exists and is responsible for the positive
flux anomaly of shortwave radiation (blue line in Figure 4c). Moreover, the residual representing nonlinear
terms have negative contribution during the developing phase (gray line in Figure 4c). However, as seen
clearly in Figure 4c, the net anomalous contribution of shortwave radiation comes from the effect of the heat
capacity variation; the thinner mixed layer is more effectively warmed even by the climatological downward
shortwave radiation (red line in Figure 4c). Comparing those three contributors, the net mixed-layer warm-
ing by shortwave radiation is mostly due to the thinner MLD, which reduces the ocean heat capacity.
Though the shoaled MLD plays an opposite role, the sensible heat flux still has a weak warming effect
due to more dominant flux anomaly effect; the reduction in surface wind speed leads to anomalous down-
ward sensible heat flux (Figures S11 and S12). In addition, because of the anomalously thin MLD and
increased ocean-atmosphere specific humidity difference, the cooling effect of latent heat flux is even
enhanced despite the reduced surface wind speed (Figures 4d and S13), suggesting that the wind-evapora-
tion-SST feedback (Lin et al., 2008; Xie & Philander, 1994) does not operate at least in the region of the
present interest.

The Chile Nifio reaches the peak in austral summer when the climatological MLD is the shallowest. After
the peak phase, accompanying the seasonal deepening of climatological MLD (hin equation (2)), the net sur-
face warming of the mixed-layer by shortwave radiation is reduced (Figures 4c and S5). As such, the positive
SST anomalies related to Chile Nifio gradually decay. Additionally, the ocean horizontal advection also cools
SST anomalies. Accompanying the weakening of climatological equatorward alongshore winds, the sea sur-
face height is anomalously raised offshore compared to the coast. The positive anomalies in sea surface
height corresponds to anomalous northward ocean currents along the Chilean coast, which increase the
equatorward advection of cold water by the Humboldt Current, thus damping the warm SST anomalies
further. (green dashed line in Figures 4a and S14).

4. Summary and Discussion

The devastating Ningaloo Nifio event that occurred in the summer of 2011 generated among the climate
research community keen renewed interests in marine heat waves (extreme events including cold waves)
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associated with air-sea interactions along the eastern boundaries of major subtropical oceans. In addition to
the well-known Benguela Nifio/Nifa off the west coast of southern Africa, two more coastal air-sea coupled
phenomena (i.e., coastal Nifio/Nifia) have been found to exist near the eastern boundary of subtropical
oceans since the discovery of Ningaloo Nifio/Nifia. Those are California Nifio/Nifia in the North Pacific
and Dakar Nifio/Nifa in the North Atlantic (Oettli et al., 2016; Yuan & Yamagata, 2014). However, it is
not reported near the eastern boundary in the South Pacific. In the present study, we have discovered a
new coupled climate mode off Chile for the first time by carefully removing the ENSO interference and have
named the phenomenon Chile Nifio/Nifia for easy future reference.

The coastal SST anomalies related to Chile Nifio/Nifia are accompanied by the synchronous evolution of
alongshore surface winds, coastal upwelling, and the MLD, demonstrating the essential role of regional
air-sea coupled dynamics. The mixed-layer heat balance analyses show the anomalous coastal SST warming
(cooling) is due to the contribution of both the suppressed (enhanced) ocean vertical processes and increased
(decreased) surface shortwave radiation heating effects through anomalously thin (thick) MLD. This regio-
nal climate mode shows prominent seasonal phase-locking nature due to the annual cycle of climatological
MLD, which is the shallowest in austral summer. The above analyses of Chile Nifio/Nifia evolution are for
the nearshore box (blue rectangle in Figure 2d). However, the holistic pattern of Chile Nifio/Nifa extends
from the nearshore region to the open ocean, and the SST anomalies in the offshore box (green rectangle in
Figure 2d; 110°-90°W, 25°-15°S) could be generated by a different mechanism and needs to be checked.
Mixed-layer heat budget analyses over the offshore box suggest the generation and decay of offshore SST
anomalies are dominantly contributed by surface heating/cooling, while vertical processes help decay the
warm SST anomalies (Figure S15). During the developing phase, the positive (negative) SST anomalies in
the offshore box are induced by increased (decreased) shortwave radiation contribution due to anomalously
thinned (thickened) MLD. Again, the wind-evaporation-SST feedback mechanism does not operate at all,
suggesting quantitative reexamination in the evolution of other climate modes.

For simplicity, the linear correlations/regressions are employed in the present work to reveal the general life
cycle of Chile Nifio; the evolution of Chile Nifia is just a mirror image of that for Chile Nifio. However, some
asymmetric nature may exist in reality between Chile Nifio and Chile Nifia. As shown in Figures S16 and S17
prepared by the composite analysis based on the seasonally phase-locked nature, Chile Nifia seems to extend
more westward than Chile Nifio, but decay more quickly as indicated by changes of surface wind anomalies.

The Chile Nifio/Niiia is found to develop and decay under regional processes. However, how this coastal cli-
mate mode is triggered remains unknown. Our preliminary results suggest the anomalous cyclone (anticy-
clone) of the South Pacific High which triggers Chile Nifio (Nifia) seems to be associated with a
teleconnection pattern emanating from the South Pacific Convergence Zone, where the convection is anom-
alously decreased (Figure S18). Therefore, the trigger of Chile Nifio/Nifia may have a relation with the varia-
bility of the South Pacific High and the South Pacific Convergence Zone, and this certainly deserves further
detailed analyses.

This study reveals the existence and generation mechanism of new Chile Nifio/Nifia mode based on rela-
tively coarse ocean data sets, which may be unable to identify the intricate ocean-atmosphere structure.
However, we believe that to identify the concrete climate mode is the first step to improve the climate models
as well as to understand the phenomenon in more detail. Owning to noticeable impacts of coastal Nifio/Nifia
events on marine ecology and regional climate, Chile Nifio/Nifia may has great implications for regional fish
production and blue economy just like its counterparts in other regions. By using an atmosphere-ocean
coupled general circulation model, some of the Ningaloo Nifio/Nifia events in austral summer are found pre-
dictable two seasons in advance (Doi et al., 2013). However, most coastal Nifio/Nifia regions are suffering
from warm SST biases in all climate models (Prospectus for CLIVAR Research Focus on Eastern
Boundary Upwelling Systems, 2018; Wang et al., 2014). Therefore, efforts to fix model biases and develop
a seasonal prediction system focusing on the coastal Nifio/Nifa will benefit the livelihood of people just like
those efforts to predict the basin-wide climate modes like ENSO and IOD (Luo et al., 2005).
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