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 The governing equations for the ZC ocean model consists of the reduced-gravity 

model for the vertical averaged ocean current (u,v) above the thermocline together with an 

imbedded constant depth mixed layer.  The reduced-gravity model is written as follows: 

   𝑢௧ − 𝛽଴𝑦𝑣 = −𝑔ᇱℎ௫ + 𝜏௫/𝜌𝐻       (S1)  

𝛽଴𝑦𝑢 = −𝑔ᇱℎ௬ + 𝜏௬/𝜌𝐻       (S2)  

ℎ௧ + 𝐻൫𝑢௫ + 𝑣௬൯ = 0                (S3) 

Hu = 𝐻ଵ𝑢ଵ + 𝐻ଶ𝑢ଶ           (S4) 

The subscripts 1, 2 refer to the current in the mixed layer and the underlying layer, 

respectively. ρ is ocean density, andτ is the surface wind stress, H and H1 refer to the 

climate mean thermocline depth and a constant mixed layer depth.  This reduced-gravity 

model equation is the same as that in ZC except the weak linear friction is ignored for 

consistency as we used the model code of McGregor et al. [2007] for simulations of wave 

upwelling.  

The equations governing the shear (with subscripts) between layers 1, 2 are: 

   𝑟௦𝑢௦ − 𝛽଴𝑦𝑢௦ = 𝜏௫/𝜌𝐻ଵ         (S5) 

   𝑟௦𝑣௦ − 𝛽଴𝑦𝑣௦ = 𝜏௬/𝜌𝐻ଵ         (S6) 

 𝒖𝒔 = 𝒖𝟏 − 𝒖𝟐                (S7) 

Here a strong momentum mixing between the two layers is represented by a strong 



frictional coefficient rs=(2day)-1.    

The upwelling velocity can then be derived as: 

 𝑊ଵ = 𝐻ଵൣ(𝑢ଵ)௫ + (𝑣ଵ)௬൧   
  = ுభு ∙ 𝐻ൣ𝑢௫ + 𝑣௬൧ + ுమு ∙ 𝐻ଵ[(𝑢௦)௫ + (𝑣௦)௬] 

  = ுభு ∙ 𝑊௛ + (1 − ுభு ) ∙ 𝑊௘                   (S8) 

In this paper, instead of assuming H as a constant, we take the zonal variations in the 

climate mean of thermocline depth into consideration and thus define the vertical velocity 

at 50 meter as 

  𝑊 = ൫1 − 𝑅(𝑥)൯ ∙ 𝑊௘ + 𝑅(𝑥) ∙ 𝑊௛                                (S9) 

Here, R(x) represents the weighting function which depends on longitude (Figure S1). The 

Ekman pumping upwelling is defined the same way as in ZC as follows: 

    𝑤௘ = 𝐻ଵൣ(𝑢௦)௫ + (𝑣௦)௬൧        (S10) 

 

 

 



 

Figure S1. The weighting function R(x) used to estimate the equatorial Pacific upwelling 

annual cycle. 


