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ZEROTH ORDER MODEL OF ITCZ 

 

LINDZEN &NIGAM,1987 

 

GILL 1980 

 

 

NEELIN &HELD,1987 





ENERGY CONSERVATION EQUATION 

∫ [ m/p*] p*   =  [ FB – FT ] 

MOISTURE CONSERVATION EQUATION  

∫ [ q/p*] p*   =  [ E - P ] 
 

FB & FT
 Heat fluxes at bottom & top 

E = Evaporation  P = Precipitation 

m=moist static energy=CPT+gZ+Lq 

 



P = E  + { F
B
 - F

T
 } /{ GMS} 

GMS =  - 1 
 
Where 

P =Precipitation 

E= Evaporation 

F
B
 = Energy Flux at the Bottom 

F
T
 = Energy Flux at the Top 

  
 = -{∫[ s/p] p}/{∫L[ q/p] p} 

 

GROSS MOIST STABILITY 



 = -{∫[ s/p] p}/{∫L[ q/p] p} 

GMS ={∫[m/p] p}/{∫L[ q/p] p} 

 

GMS =  - 1 
Sign of GMS controlled by the value of  

 if   is above 1 , GMS is positive.  



P =     E +    {QNET} / { - 1}    

 
P = RAINFALL 
E= EVAPORATION 
Qdiv   = Qnet    (for land) 
QNET = NET RADIATION AT TOA 

= VERTICAL STABILITY > 1 

QNET = S(1 -) – F  
_______________________________________ 

 Therefore, ( P-E) > 0  if  QNET   > 0 

 
 





A  Simple Expression for    
 

     (p) =  4m p/po [ 1 - p/po ] 
              

T =To -  z   

 
 

       q(p*) = q O { p* }     
 

                = c/ pW
 

 





P =     E +    {QNET} / {C/PW - 1}    

 

P = RAINFALL 

E= EVAPORATION 

QNET = NET RADIATION AT TOA 

C  = VERTICAL PROFILE PARAMETER 

PW = INTEGRATED WATER VAPOR 



 
P- E ={ S(1 -) – F } / {C/pwat - 1}    

 
 S = Incoming Solar Radiation at the top 
 varies depending upon sun-earth geometry 

  = albedo , depends upon surface type 

 F= Outgoing Longwave Radiation 
 depends upon surface temp, water vapor & clouds 

 pwat= Integrated water vapour 
 depends upon SST, and vertical motion 

 







P-E=[{Pw* 
 

Qnet}/{C-Pw}] 
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Thick :ERA   Thin:NCEP 

Back and Bretherton, 2009 



  







d(q*v)/dy = E – P 

d(m*v)/dy = (E+S) – Q
rad 

 

P – E + v*dq/dy = Qdiv / GMS 

 

Q
div 

 = (E+S)– Q
rad 

-v*dm/dy  

 

GMS= - {∫[ m/p*] p*}   

          {∫[ Lq/p* ] p*} 

 

   





Xian and Miller, JAS, 2008 





•Continental ITCZ can be 

explained by simple Neelin & 

Held hypothesis 

•Oceanic ITCZ can be 

explained by Neelin and Held 

model provided we include 

horizontal advection terms  

CONCLUSIONS 

 





Boos and Kuang, JAS, 2010, Cloud Resolving Model 


