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Section S1 Data and model evaluation 26 
We selected chlorophyll, nitrate (NO3), phosphate (PO4), sea surface temperature (SST), sea 27 
surface salinity (SSS), sea surface height (SSH), and mixed layer depth (MLD) for model 28 
evaluation (Figures S3-S7). Among them, the chlorophyll data comes from GlobColour 29 
(Maritorena et al., 2010). The NO3 and PO4 are from the World Ocean Atlas version 2013 (Garcia, 30 
Locarnini, et al., 2013). The SST data is acquired from Optimum Interpolation SST (OISST) v2 31 
(Banzon et al., 2016). The SSS data is obtained from Multi-Mission Optimum Interpolated Sea 32 
Surface Salinity Global Dataset (OISSS) v1 (Melnichenko et al., 2021). The SSH data is 33 
downloaded from AVISO (Archiving, Validation, and Interpretation of Satellite Oceanographic). 34 
The MLD data, based on a density criteria of 0.03 kg/m3, is from de Boyer Montégut et al. (2004). 35 
The observed Niño3.4 index comes from the Earth System Laboratory NOAA (Rayner et al., 2003). 36 
The observed mooring data is the tropical atmosphere ocean (TAO) array data, which are 37 
downloaded from Pacific Marine Environmental Laboratory NOAA (McPhaden et al., 1998; 38 
Sutton et al., 2014). 39 
 40 
Model and observation climatological fields are computed from January 1990 to December 2021, 41 
except when observations are covered by a shorter period; that is, satellite chlorophyll climatology 42 
is computed for 1997–2021, and the observational data of SSS is computed for 2011-2021. 43 
 44 
As shown in the SST satellite observation (OISST), the western part of the tropical Pacific Ocean 45 
is a warm pool (>28ºC), while the eastern equatorial region (2ºS-2ºN) and the near-shore ocean of 46 
South America are occupied by cold water brought by upwelling (Figure S3). During La Niña, 47 
there is a low-temperature anomaly (about 1℃) in the tropical Pacific Ocean, while during El Niño, 48 
there is a high-temperature anomaly (about 1℃) (Figures S7b, S7d). Our model can capture this 49 
spatial distribution feature well, and the magnitude of temperature change as well as the isotherm 50 
distribution are basically consistent with observations (Figures S3a-S3b, S7a-S7c). Observation 51 
(OISSS) shows a "high-low-high" distribution of salinity in the tropical Pacific Ocean, with an 52 
overall range of 33-36.5 psu (Figure S3d). There are two high salinity centers in the southern 53 
(10°S-30°S, 150°W-100°W) and northern (15°S-30°S, 175°E-135°W) parts of the tropical Pacific 54 
Ocean, and two low salinity centers in the eastern and western near-shore seawaters. The salinity 55 
of the southern hemisphere is higher than that of the northern hemisphere in general. The model 56 
results can almost catch the main distribution characteristics of salinity, although it is slightly 57 
larger than those observations (Figure S3c). This may be associated with the slightly shallower 58 
depth of the mixed layer simulated by the model (Figures S3e-S3f), which overestimates the role 59 
of precipitation on salinity (Liao et al., 2020). Observation (AVISO) data shows that during La 60 
Niña, there is an abnormal decrease in sea surface height (about 0.1m) in the eastern equatorial 61 
Pacific Ocean and an abnormal increase (about 0.1m) of sea surface height in the western 62 
equatorial Pacific Ocean, while El Niño is reversed (Figures S7f-S7g). Our model can reproduce 63 
this sea surface height anomaly (Figures S7e-S7h). These results show that our model has good 64 
performance in simulating the circulation dynamics of the tropical Pacific Ocean. 65 
 66 
Similarly, we simulate the biological indicators such as nutrient salts (PO4, NO3) and chlorophyll 67 
(Figure S4). The eastern Pacific Ocean shows high PO4, high NO3, and high chlorophyll, with the 68 
highest concentration appearing in the upwelling coastal sea of Peru, while the central and western 69 
Pacific Ocean show low PO4, low NO3, and low chlorophyll. The model largely reproduces the 70 
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main characteristics of these biological indicators in the observations, indicating that our model 71 
can accurately simulate the biogeochemical processes in the tropical Pacific Ocean. 72 
 73 
We select three representative moorings on the equator for the TAO data: the Pacific Ocean warm 74 
pool margin (190°E), the central Pacific Ocean (221°E), and the eastern Pacific Ocean (251°E). 75 
TAO data shows that sea surface temperature has a 1-3°C decrease during La Niña and a 1-5°C 76 
increase during El Niño (Figures S5a-S5c). The magnitudes of these temperature anomalies differ 77 
little at the selected western, central, and eastern points, but the anomaly has fluctuated more 78 
frequently in the eastern Pacific Ocean. The model can simulate these temperature anomalies 79 
successfully in the three TAO stations. During La Niña, the salinity has a small increase (less than 80 
0.5 psu), while a strong decrease (0-1.5 psu) during El Niño. The magnitude of these anomalies is 81 
slightly higher in the western Pacific Ocean than in the central and eastern Pacific Ocean (Figures 82 
S5d-S5f). The model can capture the main features of the salinity anomaly with a slight bias, which 83 
may be related to inaccurate calculation of the depth of the mixing layer. 84 
 85 
The eastern equatorial Pacific Ocean is characterized by high sea surface pCO2 (about 480 μatm), 86 
extending westward to 175°E, and the distribution of high pCO2 tends towards the Southern 87 
Hemisphere. When the sea surface pCO2 is higher than that of the atmosphere, the ocean releases 88 
CO2 to the atmosphere, so the air-sea carbon flux in the eastern near-equatorial Pacific Ocean is 89 
higher (about 40 gC/m2/yr). The model can almost simulate the spatial distribution of sea surface 90 
pCO2 and air-sea carbon flux, although it is slightly lower than the results of the inversion datasets 91 
(Figures S1-S2, S6). In addition, we compare the observed (SOCAT) and simulated (MOM6-92 
COBALT2 model) ocean pCO2 in the tropical Pacific Ocean during 1990-2021, and the model 93 
performs well on the pCO2 simulation (Figures S8, S9). TAO observations show that there is an 94 
increase in sea surface pCO2 during La Niña (about 20-30 μatm) and a larger decrease during El 95 
Niño (about 40-60 μatm). The ocean pCO2 anomaly in the eastern Pacific Ocean is larger than that 96 
in the central and western Pacific Ocean (Figures S5g-S5i). Model simulation results reproduce 97 
this spatial distribution, although the magnitude of the anomaly is slightly lower. This result may 98 
be related to the shallower mixing layer simulated in our model, which reduces the upward mixing 99 
of high CO2 water in the subsurface, resulting in lower surface ocean pCO2 (Liao et al., 2020). 100 
What’s more, there may also be some bias in the sedimentation process of microorganisms from 101 
surface to bottom, resulting in a slightly lower DIC concentration in the subsurface of the model.  102 
The MOM6-COBALT2 model has shown good performance in simulating the main spatial and 103 
temporal features of temperature, salinity, depth of mixed layer, nutrients, chlorophyll, and other 104 
indicators. This suggests a good reproduction of the principal characteristics of ocean circulation 105 
dynamics and biogeochemical processes. Notably, the model excels in simulating the intensity and 106 
variability of air-sea CO2 flux and ocean pCO2. It can well simulate the interannual changes of 107 
marine carbon cycle in the tropical Pacific Ocean, and provide a powerful tool for this study of the 108 
asymmetrical ocean carbon responses in the tropical Pacific Ocean to La Niña and El Niño. In 109 
addition, this simulation was well evaluated and applied to examine the air-sea CO2 flux variability 110 
driven by El Niño in the Pacific Ocean and Indian Ocean Dipole (IOD) in the Indian Ocean. For 111 
more detailed configurations and evaluations of the model, readers can refer to Liao et al. (2024); 112 
Liao et al. (2020).  113 
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Section S2 Model setup 114 
The model was spun up from rest for a period of 81 years by repeating the JRA55-do v1.5 forcing 115 
in the year of 1959. The atmospheric xCO2 global average driving MOM6-COBALT2 is from the 116 
Global Carbon Budget project (Friedlingstein et al., 2022). The xCO2 is a global average derived 117 
from monthly Mauna Loa Observatory (MLO) and South Pole Observatory (SPO) station data. 118 
For model initialization, temperature, salinity, nutrients (nitrate, phosphate, and silicate), and 119 
oxygen are sourced from World Ocean Atlas version 2013 (Garcia, Boyer, et al., 2013; Garcia, 120 
Locarnini, et al., 2013; Locarnini et al., 2013; Zweng et al., 2013). The initial dissolved inorganic 121 
carbon (DIC) and alkalinity (Alk) are obtained from the GLODAP v2 (Olsen et al., 2016). The 122 
initial DIC is corrected for the accumulation of anthropogenic carbon to match the level expected 123 
in 1959 using the data-based estimate of ocean anthropogenic carbon content (Khatiwala et al., 124 
2013). Other COBALT tracer initial conditions (e.g., ammonium, calcium carbonate) are taken 125 
from a preindustrial GFDL-ESM 2 M-COBALT simulation (Stock et al., 2014).  126 
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Section S3 Ocean CO2 flux and pCO2 decomposition 127 
The air-sea CO2 flux (FCO2) is computed using the following Equation: 128 

𝐹𝐶𝑂! = 𝑘"𝛼(𝑝𝐶𝑂!" − 𝑝𝐶𝑂!#)                                             (S1) 129 
Where kw is the CO2 gas transfer coefficient computed by a quadratic wind-speed formulation 130 
(Wanninkhof, 2014),  𝛼 is the CO2 solubility (Weiss & Price, 1980), pCO2a is the atmospheric 131 
partial pressure of CO2, and pCO2w is the sea surface partial pressure of CO2. The positive FCO2 132 
denotes an oceanic outgassing of CO2. 133 
 134 
The traditional decomposition framework links variations in ocean pCO2 to changes in DIC, Alk, 135 
temperature, and salinity using the following linear decomposition (Le Quéré et al., 2000; 136 
Takahashi et al., 1993): 137 
                     ∆𝑝𝐶𝑂!" ≈

$%&'!"
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 139 

We extend this decomposition framework to ocean pCO2 (pCO2w) mechanism analysis to cover 140 
all physical and biological processes. The temporal change in the left-hand and the right-hand sides 141 
of Equation S2 can be expressed as Equation S3 (Liao et al., 2020): 142 
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 144 

Among them, temporal changes in DIC, ALK, T, and S are affected by ocean physical transports, 145 
biological processes, fresh-water fluxes, and air-sea fluxes, as shown in Equation S4-S7 (Liao et 146 
al., 2020) : 147 
                                  $()&

$/
= 𝐷𝐼𝐶2 + 𝐷𝐼𝐶3 + 𝐷𝐼𝐶4&'! + 𝐷𝐼𝐶567 + 𝐷𝐼𝐶48                              (S4) 148 
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                                            $.
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 152 
Where the subscript H represents the change term caused by horizontal transport (meridional and 153 
zonal convection and diffusion), the subscript V represents the change term caused by vertical 154 
transport (vertical convection and diffusion), the subscript FCO2 represents the DIC change caused 155 
by CO2 exchange at the air-sea interface, the subscript Bio represents the change term caused by 156 
biological effects (photosynthesis, respiration, calcium carbonate dissolution and precipitation, 157 
nitrification and denitrification process), the subscript FW represents the change term caused by 158 
fresh-water fluxes (evaporation, rainfall), and the subscript Q represents the change term caused 159 
by heat fluxes (surface heat radiation). Combine Equation S3-S7 to obtain Equation S8 as follows 160 
(Liao et al., 2020): 161 
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We rearrange the terms of Equation S8: 167 
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 174 
The change of pCO2 with time (pCO2 change) and the response of carbon flux at the sea-air to the 175 
ocean pCO2 (Flux response) on the left-hand side (LHS) can be influenced by five main categories 176 
on the right-hand side (RHS). They are the horizontal and vertical transports of dissolved species, 177 
that is, DIC, Alk, and salinity (Hcirc and Vcirc), the dilution/concentration effects induced by fresh-178 
water fluxes and evaporation (FW), the biological effects due to photosynthesis, respiration, 179 
calcium carbonate dissolution/precipitation, denitrification, and nitrification (Bio), and vertical and 180 
horizontal transports and air-sea flux of heat (Thermal). The change in sea-air carbon flux can be 181 
analyzed more comprehensively by this method (Liao et al., 2020). 182 
 183 
The coefficients required by the above Equation refer to the following Equation, where the overbar 184 
denotes 1990-2021 annual means (Liao et al., 2020; Lovenduski et al., 2007; Sarmiento et al., 185 
2007): 186 
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The coefficients of DIC, T, and S are positive, so pCO2w increases with their increase. Similarly, 192 
the coefficient of ALK is negative, so pCO2w decreases with the increase of ALK. DIC and ALK 193 
have opposite effects on the change of pCO2w. Studies have shown that DIC usually plays a 194 
dominant role in influencing the change of pCO2w because the coefficient of DIC is larger than 195 
that of ALK (Doney et al., 2009; Le Quéré et al., 2000; Takahashi et al., 2003). However, in some 196 
special cases, when affected by abnormal precipitation, ALK will overcome the influence of DIC 197 
to control the change of pCO2w (Liao et al., 2020).  198 



7 
 

Section S4 Selection of La Niña and El Niño events 199 
We define La Niña and El Niño as 5 consecutive overlapping 3-month periods at or above the 200 
+1.0℃ anomaly for warm (El Niño) events and at or below the +1.0℃ anomaly for cool (La Niña) 201 
events (https://ggweather.com/enso/oni.htm). La Niña events include the following six: 1995-1996, 202 
1998-1999, 1999-2000, 2007-2008, 2010-2011, 2011-2012. El Niño events include the following 203 
six: 1991-1992, 1994-1995, 1997-1998, 2002-2003, 2009-2010, 2015-2016. Unless otherwise 204 
stated in the following, the observed and simulated responses and control mechanisms during La 205 
Niña and El Niño are the composite mean results of corresponding events. The year 1 is used to 206 
represent the first year during La Niña and El Niño events, year 2 is used to represent the following 207 
year, and year 3 denotes the third year.  208 
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Section S5 Ocean carbon responses to EP and CP El Niños 209 
Of the six El Niño events we selected, where CP El Niño events are 1991-1992, 1994-1995, 2002-210 
2003, 2009-2010; EP El Niño events are 1997-1998, 2015-2016 (Ren & Jin, 2011; Wang et al., 211 
2022; Yu et al., 2012). The composited mean of these El Niño events is shown in Figures S14-S16. 212 
The air-sea carbon flux anomalies (Figure S14) caused by EP El Niño extend along the equator 213 
from the western equatorial Pacific Ocean to the eastern equatorial Pacific Ocean with a larger 214 
amplitude (more than -10 gC/m2/yr). During CP El Niño, the air-sea carbon flux anomalies only 215 
locate in the western and central Pacific Ocean with a weak amplitude (about -6 gC/m2/yr). The 216 
temporal evolution of ocean pCO2 anomalies (Figure S15) indicates that EP El Niño drives a long 217 
duration of ocean pCO2 response while CP Niño drives a short duration. And EP El Niño is often 218 
followed by La Nina. 219 
 220 
The spatial and temporal response differences are closely related to the vertical transport, fresh-221 
water flux, and horizontal transport terms between EP El Niño and CP El Niños (Figure S16). The 222 
vertical transport term reduces ocean pCO2 due to a weakened upwelling during El Niño and the 223 
fresh-water flux term also reduces ocean pCO2 through a dilution effect for more precipitation 224 
during El Niño. These two terms determine the equatorial ocean pCO2 anomaly. The horizontal 225 
transport term (poleward Ekman transport) controls the poleward extension of ocean pCO2 226 
anomaly from the equator to the middle latitude. As shown in Figure S16, the strong vertical 227 
transport (upwelling/mixing) (-10 μatm/month) and fresh-water flux (precipitation/evaporation) (-228 
10 μatm/month) terms extend along the equator in the whole equatorial Pacific Ocean during EP 229 
El Niño. In the CP El Niño, the strong vertical transport (-8 μatm/month) and the fresh-water flux 230 
(-6 μatm/month) terms only distribute in the western and central Pacific Ocean. Vertical transport 231 
and fresh-water flux are two dominant terms that drive the eastward extension of ocean pCO2 232 
anomaly. This is probably the reason that the ocean pCO2 response to EP El Niño is observed in 233 
the whole equatorial Pacific Ocean and the ocean pCO2 anomaly is only observed in the western 234 
and central Pacific Ocean during CP El Niño. The horizontal transport term is much stronger 235 
during EP El Niño (-10 μatm/month) than CP El Niño (-6 μatm/month) which explains the strong 236 
poleward extension and weak poleward extension. The discussion is apparently not enough due to 237 
word limitation, more detailed discussions are needed in future separate research.    238 
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Section S6 Ocean carbon budget imbalance 239 
The net air-sea CO2 flux anomaly is estimated using the simulations A and C in the global carbon 240 
budget projects led by Pierre Friedlingstein (Friedlingstein et al., 2022). The simulation A is driven 241 
by interannual forcing and interannual atmospheric CO2, while the simulation C is driven by 242 
climatological forcing and interannual atmospheric CO2. The difference between simulations A 243 
and C is considered as net air-sea CO2 flux anomaly driven by ENSO and other natural climate 244 
variability. A positive flux indicates a weakened ocean carbon sink due to natural climate 245 
variability. The net air-sea CO2 flux anomaly in the tropical Pacific Ocean and other ocean basins 246 
is summarized in Table S1 which helps to understand the separated regional impacts on the ocean 247 
carbon budget imbalance from 1990 to 2021. The largest contribution is from the Pacific Ocean 248 
and Indian Ocean which might be closely related to ENSO, Pacific Decadal Oscillation (PDO), 249 
and Indian Ocean Dipole (IOD) signals. Further research is needed in discussing the contribution 250 
of these interannual/decadal signals and other signals like Southern Annual Mode (SAM) between 251 
ocean basins to the global imbalance. 252 
 253 

Table S1. Overall air-sea carbon flux in different regions from 1990 to 2021 (unit: PgC) 254 

Regions 
Tropical 
Pacific 
Ocean 

North 
Pacific 
Ocean 

South 
Pacific 
Ocean 

Indian 
Ocean 

Atlantic 
Ocean 

Arctic 
Ocean 

Southern 
Ocean 

Global 
Ocean 

Flux 0.71 0.19 1.15 0.88 0.42 0.00 0.83 3.49 

*The Tropical Pacific Ocean is defined as 150°E-285°E, 15°S-15°N; the North and South Pacific 255 
Ocean is the region to the north of 15°N and to the south of 15°S respectively. A positive value 256 
indicates a weakened ocean carbon sink due to natural climate variability like ENSO.   257 
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Section S7 Figure S1-S16 258 

 259 
Figure S1. Spatial map comparisons of climatological mean of air-sea CO2 fluxes (a-c). A 260 

positive flux denotes an outgassing from the ocean to atmosphere. Observational pCO2-based 261 
products are from Rödenbeck et al. (2013) for MLS and Landschützer et al. (2014) for SOM-262 

FFN. 263 
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 264 
Figure S2. Time-series of (a) air-sea CO2 flux anomaly over global ocean, and spatial 265 

distribution of air-sea CO2 flux anomaly between La Niña (b-d) and El Niño (e-g) in two pCO2-266 
based data products and the ocean model MOM6-COBALT2. The spatial distribution is six-267 

month mean (January of year 2 to June of year 2) for a composite of six La Niña events and six 268 
El Niño events. Positive values suggest an outgassing from ocean to atmosphere, indicating 269 

amplified outgassing by the ocean. Observational pCO2-based products are from Rödenbeck et 270 
al. (2013) for MLS and Landschützer et al. (2014) for SOM-FFN. 271 
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 272 
Figure S3. Spatial map comparisons about climatological mean of temperature (unit: °C), salinity 273 

(unit: psu), and mixed layer depth (unit: m), where (a, c, e) are from the MOM6-COBALT2 274 
model, (b) is from OISST v2, (d) is from OISSS v1, and (f) is from de Boyer Montégut et al., 275 

(2004).  276 
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 277 
Figure S4. Spatial map comparisons of climatological mean of PO4 (unit: μmol/kg), NO3 (unit: 278 

μmol/kg), and chlorophyll (unit: mg/m3), where (a, c, e) are from the MOM6-COBALT2 model, 279 
(b, d) are from World Ocean Atlas 2013, and (f) is from GlobColour satellite data. 280 

281 
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 282 
Figure S5. Time series comparison of temperature anomaly (unit: °C), salinity anomaly (unit: 283 

psu), and ocean pCO2 anomaly (unit: μatm) at three TAO moorings (190°E, 221°E, 251°E) along 284 
the equator. The results are averaged in the 1×1° box over the three TAO moorings from the 285 
MOM6-COBALT2, pCO2-based SOM-FFN product (Landschützer et al., 2014), and pCO2-286 

based MLS product (Rödenbeck et al., 2013).  287 
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 288 
Figure S6. Spatial map comparisons of climatological mean of air-sea CO2 fluxes (a-c) and 289 
ocean pCO2 (d-f). Observed CO2 flux and ocean pCO2 are from pCO2-based SOM-FFN and 290 

MLS data products. A positive flux denotes an outgassing from the ocean to atmosphere.  291 
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 292 
Figure S7. Spatial map comparisons of sea surface temperature anomaly (a-d, unit: °C), sea 293 

surface height anomaly (e-h, unit: m) during La Niña (a-b, e-f, i) and El Niño (c-d, g-h, j). The 294 
SST data is from OISST v2, and SSH data is from AVISO. Composite La Niña and El Niño 295 

events are defined in Section S4.  296 
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  297 
Figure S8. Comparison of observed and simulated ocean pCO2 (a) in the tropical Pacific Ocean 298 

(150ºE-285ºE, 15ºS-15ºN) during 1990-2021. The observed ocean pCO2 is collected from 299 
SOCAT monthly database. The simulated ocean pCO2 is interpolated to match the SOCAT 300 

observation locations and times. The black line is the 1-to-1 line and the red line is regression 301 
line between data and model. (b) is the number of SOCAT CO2 observations per degree from 302 

1990 to 2021.  303 
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 304 
Figure S9. The year-by-year box plot comparison of observed and simulated ocean pCO2 in the 305 
tropical Pacific Ocean (150ºE-285ºE, 15ºS-15ºN) during 1990-2021. The observed ocean pCO2 306 
is collected from SOCAT monthly database. The simulated ocean pCO2 is interpolated to match 307 

the SOCAT observational locations and times.   308 
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 309 
Figure S10. Time series of decompositions of simulated air–sea CO2 flux anomaly from 1990 to 310 

2021 in the tropical Pacific Ocean. A positive flux denotes an anomalous outgassing from the 311 
ocean to atmosphere. The decomposition is based on Equation S1.  312 
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 313 
Figure S11. Composite mean sea surface salinity anomaly in the tropical Pacific Ocean during 314 
La Niña (a) and El Niño (b). Composite La Niña and El Niño events are defined in Section S4.  315 
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 316 
Figure S12. Composite mean wind anomaly (a, c, unit: m/s) and precipitation anomaly (b,d, 317 

unit: mm/day) in the tropical Pacific Ocean during La Niña (a-b) and El Niño (c-d). Composite 318 
mean wind (e) and precipitation (f) anomalies along the latitude averaged in the 140°E-140°W 319 
during La Niña and El Niño. Composite La Niña and El Niño events are defined in Section S4. 320 

Positive wind anomaly indicates the direction from west to east.  321 
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 322 
Figure S13. Ocean circulation vector in the tropical Pacific Ocean during La Niña (a) and El 323 

Niño (b), and spatial maps of meridional velocity in the tropical Pacific Ocean during La Niña 324 
(c) and El Niño (d). Positive meridional velocity indicates the direction from south to north.  325 
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 326 
Figure S14. Spatial distribution of air-sea CO2 flux anomaly between EP El Niño (a-c) and CP El 327 

Niño (d-f) in two pCO2-based data products and the ocean model MOM6-COBALT2. The 328 
spatial distribution is six-month mean (January of year 2 to June of year 2) for a composite of 329 

two EP El Niño events and four CP El Niño events. Observational pCO2-based products are from 330 
Rödenbeck et al. (2013) for MLS and Landschützer et al. (2014) for SOM-FFN. 331 



24 
 

 332 
Figure S15. The evolution of ocean pCO2 anomaly during EP El Niño (a-e) and CP El Niño (f-j) 333 

from July of year 1 to December of year 3 based on the MOM6-COBALT2 model result. 334 
JASOND (year1) indicates the months from July to December in the first year and JFMAMJ 335 
(year2) indicates the months from January to June in the second year. ENSO peaks in January 336 
and February of year 2. The results are averaged over six months for a composite of two EP El 337 

Niño events and four CP El Niño events. Positive values are anomalous increase of ocean pCO2. 338 
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 339 
Figure S16. Processes controlling the composite carbon responses to EP El Niño (a-f) and CP El 340 

Niño (g-l) in the model between July of year 1 and June of year 2 based on Equation 2. The 341 
pCO2 change (a, g), which includes pCO2 time tendency and changes by the air-sea flux, can be 342 
attributed to changes in horizontal (b, h) and vertical (c, i) transports, fresh-water fluxes (d, j), 343 
biological activities (e, k), and thermal changes (f, l) (a = b + c + d + e + f, g = h + i + j + k + l, 344 

see Equation 2).  345 
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