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s e n s i t i v i t y  anal s i s  o f  r a d i a t i v e  heat ing and coo l i ng  ra tes  i n  

approaches 

Rad ia t i ve  heat ing  and coo l i ng  rov ide  pr imary source and u l t i m a t e  

heat ing and coo l i ng  ra tes  represent  impor tant  i npu ts  o f  t h e  mode s 
o f  atmospheric dynamics. I n  t h e i r  t u r n ,  these ra tes  a re  ou tpu ts  o f  
corresponding r a d i a t i v e  t r a n s f e r  models where the  i n p u t s  a re  
f i e l d s  o f  pr imary atmospheric parameters, such as temperature, 
mix ing r a t i o s  o f  greenhouse gases, e t c .  Evaluat ion o f  
s e n s i t i v i t i e s  o f  ou t  u t s  o f  models o f  atmospheric dynamics on 

s e n s i t i v i t i e s  o f  heat ing  and coo l i ng  ra tes  on these same 
parameters. we discuss two approaches which make i t  poss ib le  t o  
d i r e c t 1  

For non-scat ter ing atmospheres, t he  heat ing and coo l i ng  ra tes  can 
be evaluated a n a l y t i c a l l y .  I n  t h i s  case, s e n s i t i v i t i e s  t o  
atmospheric parameters a re  obta ined by s t ra igh t fo rward  
1 i near i  za t i on  o f  correspondi  ng anal y t i  c expressi ons . For 
s c a t t e r i  n atmospheres (e. g. , w i t h  s c a t t e r i n g  aerosol and/or 

eneral  case, be 
obtained on1 from the  numerical s o l u t i o n  o f  t e corresponding 

s o l u t i o n  o f  corresponding a d j o i n t  roblem, obtained i n  p a r a l l e l  

s e n s i t i v i t i e s  o f  heat ing  and coo l i ng  ra tes  w i t h  respect t o  
atmospheric parameters. 

An analogy w i t h  eva lua t i on  o f  weight ing func t ions  i n  remote 
sensing i s  po in ted  ou t  and a p l i c a t i o n s  t o  the  s e n s i t i v i t y  

p l  anetary atmosp E: eres : general 1 i near i  z a t i  on and a d j o i n t  

9 s i n k  o f  energy d r i v i n g  lower  p 7 anetary  atmospheres. Correspondin 

these pr imary atmosp R e r i  c parameters requi  res know1 edge o f  

para1 1 e z w i  4 t eval  u a t i  on o f  hea t i  ng and cool  i ng ra tes  themselves . 

clouds) t f! e heat ing  and coo l i ng  ra tes  can, i n  

forward prob Y em o f  r a d i a t i v e  t r a n s f e r .  I t  turns  ou t  t h a t  t he  

w i t h  i t s  forward counterpar t ,  can rl e used t o  evaluate 

anal y s i  s o f  models o f  atmosp R e r i  c dynami cs are d i  scussed. 

com u t e  the  s e n s i t i v i t i e s  of heat ing and coo l i ng  ra tes  i n  
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