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Why does La Niña/El Niño impact California? 



Coupled Atmosphere-Ocean Phenomena 
subject of the paper by Yeh et al.3 that appears 
on page 511 of this issue.  

Normal conditions in the tropical Pacific 
are shown in Figure 1, and El Niño conditions 
in Figure 2a. But since the late 1970s, events 
with increased sea surface temperatures (SSTs) 
in the central Pacific, sandwiched by anoma-
lous cooling in the east and west, have been 
observed4. These are not like the conventional 
El Niño: rather, the maximum SST anomaly 
persists in the central Pacific from the boreal 
summer through to the winter, modifying 
the atmospheric circulation and resulting in 
distinctly different global impacts4–10. This 
phenomenon has been viewed as a different 
‘flavour’ of El Niño5, with warming around the 
Date Line rather than farther east6. In other 
studies4,9,10 it has been classified as a new type 
of tropical Pacific phenomenon, and named 
El Niño Modoki, or Pseudo El Niño, to stress 
the differences from the conventional El Niño. 
Other names, such as Central El Niño11 and 
Warm Pool El Niño12, have been proposed. 
But all of these refer to the same basic phe-
nomenon, shown in Figure 2b, as viewed from 
slightly different standpoints.

What has caused this recent increased occur-
rence of the new-flavour of El Niño, with its 
distinct impact on the northern Pacific SST, 
compared with the normal form? Some analy-
ses of observational data attribute it to con-
sequences of the prominent global warming4 
since the late 1970s — which include changes 
in the zonal tilt of the thermocline4,12, the dis-
tinctive subsurface oceanic boundary between 
warmer and colder water, and weakened low-
level easterly winds in the equatorial region. 
Yeh et al.3 have investigated these possibili-
ties further by taking the data set of observed 
SSTs since the 1850s, and other climate data 
since the 1950s, and subjecting all this infor-
mation to detailed analysis in computer models 

of ocean–atmosphere behaviour.
Specifically, the authors compare the out-

comes of the models used by the Program for 
Climate Model Diagnosis and Intercomparison 
(PCMDI). The model outcomes derive from 
two types of simulation data run through 11 
ocean–atmosphere climate models. The con-
trol run represents twentieth-century climate 
change with anthropogenic and natural forcing 
up to 2000. The other run is from 100 years of 
a climate-change simulation based on the so-
called global-warming SRES A1B scenario, in 
which levels of carbon dioxide are maintained 
at about 700 parts per million. 

Yeh et al. call the canonical El Niño the 
Eastern Pacific (EP) El Niño, and the new phe-
nomenon the Central Pacific (CP) El Niño. To 
define the EP events, they use a well-known 
measure, the NINO3 index, which is SST 
anomalies averaged over the area 5° N–5° S, 
150° W–90° W. To define the CP events, they 
use a combination of the NINO3 and NINO4 
indices, the latter an average of SST anomalies 
over 5° N–5° S, 160° E–150° W. They analyse the 
results from the individual model simulations 
as well as those aggregated by a multi-model, 
multi-ensemble method, a technique that is 
applied in operational dynamical seasonal 
prediction.

Through standardized error analysis, Yeh 

et al. find that, in 8 models out of the 11 con-
sidered, the occurrence ratio of the CP-El Niño 
to the EP-El Niño increases in the global-
warming scenario as compared to the corres-
ponding twentieth-century climate simulation.  
The ratio is significantly higher at 95% confi-
dence level in the global-warming simulations 
of 4 models out of a subset of 6 with more 
accurate simulations of the currently observed 
occurrence ratio. Furthermore, the observed 
remote impacts on SSTs in the Northern 
Hemisphere are qualitatively evident in the 
aggregated atmospheric simulations from 
9 models. We must take into account that 
almost all coupled models are biased in repre-
senting ocean–atmosphere climatology and the 
El Niño SST pattern, intensity and frequency. 
Nonetheless, all these findings support the 
hypotheses that the increasing frequency of a 
new type of El Niño — Modoki, CP-El Niño, 
call it what you will — is due to global warm-
ing, and that, as anthropogenic global warming 
intensifies, we may see more of these events at 
the expense of the conventional El Niño.

Much more investigation is needed of 
course. Only four of the models provide 
statistically significant support, and the cou-
pled models in the PCMDI have flaws in the 
realistic simulation of basin-wide structure 
(see Fig. 4 of the authors’ Supplementary 

Figure 1 | Normal conditions in the tropical 

Pacific. Warm surface water and air are pushed 
to the west by prevailing winds. A consequence is 
upwelling of cold water on the eastern side, and 
a shallow thermocline (a subsurface boundary 
that marks a sharp contrast between warm upper 
waters and colder deeper waters). Opposite 
oceanographic conditions prevail on the western 
side. In the atmosphere, the west is warmer and 
wetter. Here and in Figure 2, redder colours 
denote warmer waters, bluer colours denote 
cooler waters.
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Figure 2 | Anomalous conditions in the tropical Pacific. a, An El Niño event is produced when the 
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by 
warmer than normal sea surface temperatures (SSTs) in the east of the ocean, and is associated with 
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 
west drier. b, An El Niño Modoki event is an anomalous condition of a distinctly different kind. 
The warmest SSTs occur in the central Pacific, flanked by colder waters to the east and west, and are 
associated with distinct patterns of atmospheric convection. c, d, The opposite (La Niña) phases of the 
El Niño and El Niño Modoki respectively. Yeh et al.3 argue that the increasing frequency of the Modoki 
condition is due to anthropogenic warming, and that these events in the central Pacific will occur 
more frequently if global warming increases.
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subject of the paper by Yeh et al.3 that appears 
on page 511 of this issue.  

Normal conditions in the tropical Pacific 
are shown in Figure 1, and El Niño conditions 
in Figure 2a. But since the late 1970s, events 
with increased sea surface temperatures (SSTs) 
in the central Pacific, sandwiched by anoma-
lous cooling in the east and west, have been 
observed4. These are not like the conventional 
El Niño: rather, the maximum SST anomaly 
persists in the central Pacific from the boreal 
summer through to the winter, modifying 
the atmospheric circulation and resulting in 
distinctly different global impacts4–10. This 
phenomenon has been viewed as a different 
‘flavour’ of El Niño5, with warming around the 
Date Line rather than farther east6. In other 
studies4,9,10 it has been classified as a new type 
of tropical Pacific phenomenon, and named 
El Niño Modoki, or Pseudo El Niño, to stress 
the differences from the conventional El Niño. 
Other names, such as Central El Niño11 and 
Warm Pool El Niño12, have been proposed. 
But all of these refer to the same basic phe-
nomenon, shown in Figure 2b, as viewed from 
slightly different standpoints.

What has caused this recent increased occur-
rence of the new-flavour of El Niño, with its 
distinct impact on the northern Pacific SST, 
compared with the normal form? Some analy-
ses of observational data attribute it to con-
sequences of the prominent global warming4 
since the late 1970s — which include changes 
in the zonal tilt of the thermocline4,12, the dis-
tinctive subsurface oceanic boundary between 
warmer and colder water, and weakened low-
level easterly winds in the equatorial region. 
Yeh et al.3 have investigated these possibili-
ties further by taking the data set of observed 
SSTs since the 1850s, and other climate data 
since the 1950s, and subjecting all this infor-
mation to detailed analysis in computer models 

of ocean–atmosphere behaviour.
Specifically, the authors compare the out-

comes of the models used by the Program for 
Climate Model Diagnosis and Intercomparison 
(PCMDI). The model outcomes derive from 
two types of simulation data run through 11 
ocean–atmosphere climate models. The con-
trol run represents twentieth-century climate 
change with anthropogenic and natural forcing 
up to 2000. The other run is from 100 years of 
a climate-change simulation based on the so-
called global-warming SRES A1B scenario, in 
which levels of carbon dioxide are maintained 
at about 700 parts per million. 

Yeh et al. call the canonical El Niño the 
Eastern Pacific (EP) El Niño, and the new phe-
nomenon the Central Pacific (CP) El Niño. To 
define the EP events, they use a well-known 
measure, the NINO3 index, which is SST 
anomalies averaged over the area 5° N–5° S, 
150° W–90° W. To define the CP events, they 
use a combination of the NINO3 and NINO4 
indices, the latter an average of SST anomalies 
over 5° N–5° S, 160° E–150° W. They analyse the 
results from the individual model simulations 
as well as those aggregated by a multi-model, 
multi-ensemble method, a technique that is 
applied in operational dynamical seasonal 
prediction.

Through standardized error analysis, Yeh 

et al. find that, in 8 models out of the 11 con-
sidered, the occurrence ratio of the CP-El Niño 
to the EP-El Niño increases in the global-
warming scenario as compared to the corres-
ponding twentieth-century climate simulation.  
The ratio is significantly higher at 95% confi-
dence level in the global-warming simulations 
of 4 models out of a subset of 6 with more 
accurate simulations of the currently observed 
occurrence ratio. Furthermore, the observed 
remote impacts on SSTs in the Northern 
Hemisphere are qualitatively evident in the 
aggregated atmospheric simulations from 
9 models. We must take into account that 
almost all coupled models are biased in repre-
senting ocean–atmosphere climatology and the 
El Niño SST pattern, intensity and frequency. 
Nonetheless, all these findings support the 
hypotheses that the increasing frequency of a 
new type of El Niño — Modoki, CP-El Niño, 
call it what you will — is due to global warm-
ing, and that, as anthropogenic global warming 
intensifies, we may see more of these events at 
the expense of the conventional El Niño.

Much more investigation is needed of 
course. Only four of the models provide 
statistically significant support, and the cou-
pled models in the PCMDI have flaws in the 
realistic simulation of basin-wide structure 
(see Fig. 4 of the authors’ Supplementary 

Figure 1 | Normal conditions in the tropical 

Pacific. Warm surface water and air are pushed 
to the west by prevailing winds. A consequence is 
upwelling of cold water on the eastern side, and 
a shallow thermocline (a subsurface boundary 
that marks a sharp contrast between warm upper 
waters and colder deeper waters). Opposite 
oceanographic conditions prevail on the western 
side. In the atmosphere, the west is warmer and 
wetter. Here and in Figure 2, redder colours 
denote warmer waters, bluer colours denote 
cooler waters.
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Figure 2 | Anomalous conditions in the tropical Pacific. a, An El Niño event is produced when the 
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by 
warmer than normal sea surface temperatures (SSTs) in the east of the ocean, and is associated with 
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 
west drier. b, An El Niño Modoki event is an anomalous condition of a distinctly different kind. 
The warmest SSTs occur in the central Pacific, flanked by colder waters to the east and west, and are 
associated with distinct patterns of atmospheric convection. c, d, The opposite (La Niña) phases of the 
El Niño and El Niño Modoki respectively. Yeh et al.3 argue that the increasing frequency of the Modoki 
condition is due to anthropogenic warming, and that these events in the central Pacific will occur 
more frequently if global warming increases.
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La Niña El Niño 

subject of the paper by Yeh et al.3 that appears 
on page 511 of this issue.  

Normal conditions in the tropical Pacific 
are shown in Figure 1, and El Niño conditions 
in Figure 2a. But since the late 1970s, events 
with increased sea surface temperatures (SSTs) 
in the central Pacific, sandwiched by anoma-
lous cooling in the east and west, have been 
observed4. These are not like the conventional 
El Niño: rather, the maximum SST anomaly 
persists in the central Pacific from the boreal 
summer through to the winter, modifying 
the atmospheric circulation and resulting in 
distinctly different global impacts4–10. This 
phenomenon has been viewed as a different 
‘flavour’ of El Niño5, with warming around the 
Date Line rather than farther east6. In other 
studies4,9,10 it has been classified as a new type 
of tropical Pacific phenomenon, and named 
El Niño Modoki, or Pseudo El Niño, to stress 
the differences from the conventional El Niño. 
Other names, such as Central El Niño11 and 
Warm Pool El Niño12, have been proposed. 
But all of these refer to the same basic phe-
nomenon, shown in Figure 2b, as viewed from 
slightly different standpoints.

What has caused this recent increased occur-
rence of the new-flavour of El Niño, with its 
distinct impact on the northern Pacific SST, 
compared with the normal form? Some analy-
ses of observational data attribute it to con-
sequences of the prominent global warming4 
since the late 1970s — which include changes 
in the zonal tilt of the thermocline4,12, the dis-
tinctive subsurface oceanic boundary between 
warmer and colder water, and weakened low-
level easterly winds in the equatorial region. 
Yeh et al.3 have investigated these possibili-
ties further by taking the data set of observed 
SSTs since the 1850s, and other climate data 
since the 1950s, and subjecting all this infor-
mation to detailed analysis in computer models 

of ocean–atmosphere behaviour.
Specifically, the authors compare the out-

comes of the models used by the Program for 
Climate Model Diagnosis and Intercomparison 
(PCMDI). The model outcomes derive from 
two types of simulation data run through 11 
ocean–atmosphere climate models. The con-
trol run represents twentieth-century climate 
change with anthropogenic and natural forcing 
up to 2000. The other run is from 100 years of 
a climate-change simulation based on the so-
called global-warming SRES A1B scenario, in 
which levels of carbon dioxide are maintained 
at about 700 parts per million. 

Yeh et al. call the canonical El Niño the 
Eastern Pacific (EP) El Niño, and the new phe-
nomenon the Central Pacific (CP) El Niño. To 
define the EP events, they use a well-known 
measure, the NINO3 index, which is SST 
anomalies averaged over the area 5° N–5° S, 
150° W–90° W. To define the CP events, they 
use a combination of the NINO3 and NINO4 
indices, the latter an average of SST anomalies 
over 5° N–5° S, 160° E–150° W. They analyse the 
results from the individual model simulations 
as well as those aggregated by a multi-model, 
multi-ensemble method, a technique that is 
applied in operational dynamical seasonal 
prediction.

Through standardized error analysis, Yeh 

et al. find that, in 8 models out of the 11 con-
sidered, the occurrence ratio of the CP-El Niño 
to the EP-El Niño increases in the global-
warming scenario as compared to the corres-
ponding twentieth-century climate simulation.  
The ratio is significantly higher at 95% confi-
dence level in the global-warming simulations 
of 4 models out of a subset of 6 with more 
accurate simulations of the currently observed 
occurrence ratio. Furthermore, the observed 
remote impacts on SSTs in the Northern 
Hemisphere are qualitatively evident in the 
aggregated atmospheric simulations from 
9 models. We must take into account that 
almost all coupled models are biased in repre-
senting ocean–atmosphere climatology and the 
El Niño SST pattern, intensity and frequency. 
Nonetheless, all these findings support the 
hypotheses that the increasing frequency of a 
new type of El Niño — Modoki, CP-El Niño, 
call it what you will — is due to global warm-
ing, and that, as anthropogenic global warming 
intensifies, we may see more of these events at 
the expense of the conventional El Niño.

Much more investigation is needed of 
course. Only four of the models provide 
statistically significant support, and the cou-
pled models in the PCMDI have flaws in the 
realistic simulation of basin-wide structure 
(see Fig. 4 of the authors’ Supplementary 

Figure 1 | Normal conditions in the tropical 

Pacific. Warm surface water and air are pushed 
to the west by prevailing winds. A consequence is 
upwelling of cold water on the eastern side, and 
a shallow thermocline (a subsurface boundary 
that marks a sharp contrast between warm upper 
waters and colder deeper waters). Opposite 
oceanographic conditions prevail on the western 
side. In the atmosphere, the west is warmer and 
wetter. Here and in Figure 2, redder colours 
denote warmer waters, bluer colours denote 
cooler waters.
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Figure 2 | Anomalous conditions in the tropical Pacific. a, An El Niño event is produced when the 
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by 
warmer than normal sea surface temperatures (SSTs) in the east of the ocean, and is associated with 
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 
west drier. b, An El Niño Modoki event is an anomalous condition of a distinctly different kind. 
The warmest SSTs occur in the central Pacific, flanked by colder waters to the east and west, and are 
associated with distinct patterns of atmospheric convection. c, d, The opposite (La Niña) phases of the 
El Niño and El Niño Modoki respectively. Yeh et al.3 argue that the increasing frequency of the Modoki 
condition is due to anthropogenic warming, and that these events in the central Pacific will occur 
more frequently if global warming increases.
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subject of the paper by Yeh et al.3 that appears 
on page 511 of this issue.  

Normal conditions in the tropical Pacific 
are shown in Figure 1, and El Niño conditions 
in Figure 2a. But since the late 1970s, events 
with increased sea surface temperatures (SSTs) 
in the central Pacific, sandwiched by anoma-
lous cooling in the east and west, have been 
observed4. These are not like the conventional 
El Niño: rather, the maximum SST anomaly 
persists in the central Pacific from the boreal 
summer through to the winter, modifying 
the atmospheric circulation and resulting in 
distinctly different global impacts4–10. This 
phenomenon has been viewed as a different 
‘flavour’ of El Niño5, with warming around the 
Date Line rather than farther east6. In other 
studies4,9,10 it has been classified as a new type 
of tropical Pacific phenomenon, and named 
El Niño Modoki, or Pseudo El Niño, to stress 
the differences from the conventional El Niño. 
Other names, such as Central El Niño11 and 
Warm Pool El Niño12, have been proposed. 
But all of these refer to the same basic phe-
nomenon, shown in Figure 2b, as viewed from 
slightly different standpoints.

What has caused this recent increased occur-
rence of the new-flavour of El Niño, with its 
distinct impact on the northern Pacific SST, 
compared with the normal form? Some analy-
ses of observational data attribute it to con-
sequences of the prominent global warming4 
since the late 1970s — which include changes 
in the zonal tilt of the thermocline4,12, the dis-
tinctive subsurface oceanic boundary between 
warmer and colder water, and weakened low-
level easterly winds in the equatorial region. 
Yeh et al.3 have investigated these possibili-
ties further by taking the data set of observed 
SSTs since the 1850s, and other climate data 
since the 1950s, and subjecting all this infor-
mation to detailed analysis in computer models 

of ocean–atmosphere behaviour.
Specifically, the authors compare the out-

comes of the models used by the Program for 
Climate Model Diagnosis and Intercomparison 
(PCMDI). The model outcomes derive from 
two types of simulation data run through 11 
ocean–atmosphere climate models. The con-
trol run represents twentieth-century climate 
change with anthropogenic and natural forcing 
up to 2000. The other run is from 100 years of 
a climate-change simulation based on the so-
called global-warming SRES A1B scenario, in 
which levels of carbon dioxide are maintained 
at about 700 parts per million. 

Yeh et al. call the canonical El Niño the 
Eastern Pacific (EP) El Niño, and the new phe-
nomenon the Central Pacific (CP) El Niño. To 
define the EP events, they use a well-known 
measure, the NINO3 index, which is SST 
anomalies averaged over the area 5° N–5° S, 
150° W–90° W. To define the CP events, they 
use a combination of the NINO3 and NINO4 
indices, the latter an average of SST anomalies 
over 5° N–5° S, 160° E–150° W. They analyse the 
results from the individual model simulations 
as well as those aggregated by a multi-model, 
multi-ensemble method, a technique that is 
applied in operational dynamical seasonal 
prediction.

Through standardized error analysis, Yeh 

et al. find that, in 8 models out of the 11 con-
sidered, the occurrence ratio of the CP-El Niño 
to the EP-El Niño increases in the global-
warming scenario as compared to the corres-
ponding twentieth-century climate simulation.  
The ratio is significantly higher at 95% confi-
dence level in the global-warming simulations 
of 4 models out of a subset of 6 with more 
accurate simulations of the currently observed 
occurrence ratio. Furthermore, the observed 
remote impacts on SSTs in the Northern 
Hemisphere are qualitatively evident in the 
aggregated atmospheric simulations from 
9 models. We must take into account that 
almost all coupled models are biased in repre-
senting ocean–atmosphere climatology and the 
El Niño SST pattern, intensity and frequency. 
Nonetheless, all these findings support the 
hypotheses that the increasing frequency of a 
new type of El Niño — Modoki, CP-El Niño, 
call it what you will — is due to global warm-
ing, and that, as anthropogenic global warming 
intensifies, we may see more of these events at 
the expense of the conventional El Niño.

Much more investigation is needed of 
course. Only four of the models provide 
statistically significant support, and the cou-
pled models in the PCMDI have flaws in the 
realistic simulation of basin-wide structure 
(see Fig. 4 of the authors’ Supplementary 

Figure 1 | Normal conditions in the tropical 

Pacific. Warm surface water and air are pushed 
to the west by prevailing winds. A consequence is 
upwelling of cold water on the eastern side, and 
a shallow thermocline (a subsurface boundary 
that marks a sharp contrast between warm upper 
waters and colder deeper waters). Opposite 
oceanographic conditions prevail on the western 
side. In the atmosphere, the west is warmer and 
wetter. Here and in Figure 2, redder colours 
denote warmer waters, bluer colours denote 
cooler waters.
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Figure 2 | Anomalous conditions in the tropical Pacific. a, An El Niño event is produced when the 
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by 
warmer than normal sea surface temperatures (SSTs) in the east of the ocean, and is associated with 
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 
west drier. b, An El Niño Modoki event is an anomalous condition of a distinctly different kind. 
The warmest SSTs occur in the central Pacific, flanked by colder waters to the east and west, and are 
associated with distinct patterns of atmospheric convection. c, d, The opposite (La Niña) phases of the 
El Niño and El Niño Modoki respectively. Yeh et al.3 argue that the increasing frequency of the Modoki 
condition is due to anthropogenic warming, and that these events in the central Pacific will occur 
more frequently if global warming increases.
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A New Type of El Niño Emerges… 
subject of the paper by Yeh et al.3 that appears 
on page 511 of this issue.  

Normal conditions in the tropical Pacific 
are shown in Figure 1, and El Niño conditions 
in Figure 2a. But since the late 1970s, events 
with increased sea surface temperatures (SSTs) 
in the central Pacific, sandwiched by anoma-
lous cooling in the east and west, have been 
observed4. These are not like the conventional 
El Niño: rather, the maximum SST anomaly 
persists in the central Pacific from the boreal 
summer through to the winter, modifying 
the atmospheric circulation and resulting in 
distinctly different global impacts4–10. This 
phenomenon has been viewed as a different 
‘flavour’ of El Niño5, with warming around the 
Date Line rather than farther east6. In other 
studies4,9,10 it has been classified as a new type 
of tropical Pacific phenomenon, and named 
El Niño Modoki, or Pseudo El Niño, to stress 
the differences from the conventional El Niño. 
Other names, such as Central El Niño11 and 
Warm Pool El Niño12, have been proposed. 
But all of these refer to the same basic phe-
nomenon, shown in Figure 2b, as viewed from 
slightly different standpoints.

What has caused this recent increased occur-
rence of the new-flavour of El Niño, with its 
distinct impact on the northern Pacific SST, 
compared with the normal form? Some analy-
ses of observational data attribute it to con-
sequences of the prominent global warming4 
since the late 1970s — which include changes 
in the zonal tilt of the thermocline4,12, the dis-
tinctive subsurface oceanic boundary between 
warmer and colder water, and weakened low-
level easterly winds in the equatorial region. 
Yeh et al.3 have investigated these possibili-
ties further by taking the data set of observed 
SSTs since the 1850s, and other climate data 
since the 1950s, and subjecting all this infor-
mation to detailed analysis in computer models 

of ocean–atmosphere behaviour.
Specifically, the authors compare the out-

comes of the models used by the Program for 
Climate Model Diagnosis and Intercomparison 
(PCMDI). The model outcomes derive from 
two types of simulation data run through 11 
ocean–atmosphere climate models. The con-
trol run represents twentieth-century climate 
change with anthropogenic and natural forcing 
up to 2000. The other run is from 100 years of 
a climate-change simulation based on the so-
called global-warming SRES A1B scenario, in 
which levels of carbon dioxide are maintained 
at about 700 parts per million. 

Yeh et al. call the canonical El Niño the 
Eastern Pacific (EP) El Niño, and the new phe-
nomenon the Central Pacific (CP) El Niño. To 
define the EP events, they use a well-known 
measure, the NINO3 index, which is SST 
anomalies averaged over the area 5° N–5° S, 
150° W–90° W. To define the CP events, they 
use a combination of the NINO3 and NINO4 
indices, the latter an average of SST anomalies 
over 5° N–5° S, 160° E–150° W. They analyse the 
results from the individual model simulations 
as well as those aggregated by a multi-model, 
multi-ensemble method, a technique that is 
applied in operational dynamical seasonal 
prediction.

Through standardized error analysis, Yeh 

et al. find that, in 8 models out of the 11 con-
sidered, the occurrence ratio of the CP-El Niño 
to the EP-El Niño increases in the global-
warming scenario as compared to the corres-
ponding twentieth-century climate simulation.  
The ratio is significantly higher at 95% confi-
dence level in the global-warming simulations 
of 4 models out of a subset of 6 with more 
accurate simulations of the currently observed 
occurrence ratio. Furthermore, the observed 
remote impacts on SSTs in the Northern 
Hemisphere are qualitatively evident in the 
aggregated atmospheric simulations from 
9 models. We must take into account that 
almost all coupled models are biased in repre-
senting ocean–atmosphere climatology and the 
El Niño SST pattern, intensity and frequency. 
Nonetheless, all these findings support the 
hypotheses that the increasing frequency of a 
new type of El Niño — Modoki, CP-El Niño, 
call it what you will — is due to global warm-
ing, and that, as anthropogenic global warming 
intensifies, we may see more of these events at 
the expense of the conventional El Niño.

Much more investigation is needed of 
course. Only four of the models provide 
statistically significant support, and the cou-
pled models in the PCMDI have flaws in the 
realistic simulation of basin-wide structure 
(see Fig. 4 of the authors’ Supplementary 

Figure 1 | Normal conditions in the tropical 

Pacific. Warm surface water and air are pushed 
to the west by prevailing winds. A consequence is 
upwelling of cold water on the eastern side, and 
a shallow thermocline (a subsurface boundary 
that marks a sharp contrast between warm upper 
waters and colder deeper waters). Opposite 
oceanographic conditions prevail on the western 
side. In the atmosphere, the west is warmer and 
wetter. Here and in Figure 2, redder colours 
denote warmer waters, bluer colours denote 
cooler waters.
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Figure 2 | Anomalous conditions in the tropical Pacific. a, An El Niño event is produced when the 
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by 
warmer than normal sea surface temperatures (SSTs) in the east of the ocean, and is associated with 
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 
west drier. b, An El Niño Modoki event is an anomalous condition of a distinctly different kind. 
The warmest SSTs occur in the central Pacific, flanked by colder waters to the east and west, and are 
associated with distinct patterns of atmospheric convection. c, d, The opposite (La Niña) phases of the 
El Niño and El Niño Modoki respectively. Yeh et al.3 argue that the increasing frequency of the Modoki 
condition is due to anthropogenic warming, and that these events in the central Pacific will occur 
more frequently if global warming increases.
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Central Pacific (CP)-El Niño, warm-pool El Niño, dateline El Niño, or El Niño Modoki  



Central Pacific El Niño Eastern Pacific El Niño 



2009-10 Central Pacific El Niño 



Oceanic Response to El Niños: Physical 

[Image from Gierach et al., 2012] 

1997-98 Eastern Pacific El Niño 2009-10 Central Pacific El Niño 

Sea Surface Temperature  

Sea Surface Height 

Zonal (Eastward) Surface Currents  



Oceanic Response to El Niños: Biological 

[Image from Gierach et al., 2012] 
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How are the two types of El Niños defined? 

December 2009 December 1997 

Niño3 Niño4 



Decadal Trends in El Niño/La Niña  

[Image from Lee and McPhaden, 2010] 



Regional Decadal Trends in Sea Surface Temperature 
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[Image from Cravatte et al., 2009] 
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Future of El Niño/La Niña? 



Questions? 



Backup Slides 



Effects of El Niño/La Niña on regional climate patterns 

http://www.nasa.gov/vision/earth/lookingatearth/elnino_split.html 

http://www.nasa.gov/vision/earth/lookingatearth/elnino_split.html 


