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Sen s it iv it y  An aly s is  for  Clim at e Scien ce
🌍 w it h  Gen er at iv e Flow  M od els  🌎

1. I n t r od u ct ion

• Sensitivity analysis is vital in  clim ate scien ce but 
com putation ally pr oh ibitive with  tr adition al ph ysical 
m odels.

• We apply th e adjoint state method, a tech n ique fr om  
Neur al ODEs [1], to effi cien tly com pute th ese 
gr adien ts in  gen er ative fl ow m odels.

• We dem on str ate th is m eth od on  cBottle [2], a 
gen er ative atm osph er ic m odel, r educin g th e 
com putation al cost of sen sitivity an alysis fr om  week s 
on  a super com puter  to h our s on  a GPU.

2. Th e ad join t  s en s it iv it y  m et h od

• Velocity n etwor k  𝑢! 𝑋" , 𝑡, 𝑐 , clean  sam ple 𝑋#
∼ 𝑝$%"% ⋅ 𝑐 , pur e n oise at 𝑇, 𝑋& = 𝑇𝜉, 𝜉 ∼ 𝒩 0, Id an d 
con dition in g 𝑐. Sam plin g ODE:

d𝑋" = 𝑢! 𝑋" , 𝑡, 𝑐 d𝑡
• Th e sen sitivity of a quan tity 𝑞 𝑋# with  r espect to th e 

con dition in g to th e fl ow m odel is '(
')

𝑋# .

• Defi n e th e adjoin t state 𝑎" =
'(
'*!

'*!
'*"

an d th e gr adien t 

accum ulator  𝑤&+" = 𝑎"
'*"
')

. Th e system  of ODEs

4. Ap p licat ion : t h e SST p at t er n  effect

• Ocean  sur face tem per atur es (SSTs) str on gly sh ape 
atm osph er ic beh avior  an d r adiation  balan ce.

• Tr adition ally, quan tifyin g th is r equir es year s of 
clim ate sim ulation s, tak in g weeks on a 
supercomputer.

• With  th e adjoint sensitivity method applied to 
cBottle, we obtain  th e sen sitivity of n et global 
r adiation  balan ce 𝑞 = 1𝑁 with  r espect to SST in less 
than 10 A100-GPU-hours.
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wh en  in tegr ated fr om  0 to T yields 𝑤& =
'(
')

𝑋# .

3. Gr ad ien t  s elf-con s is t en cy  ch eck

• We fi r st ch eck  th e gr adien ts again st fi n ite differ en ces. 
Let a fi n ite differ en ce in  SST be 𝛿𝑐. For  sm all en ough  
𝛿𝑐 an d sm ooth  𝑞, we h ave

• We test th is in  cBottle on  th e outgoin g sh or twave 
r adiation  in  a patch  in  th e Nor th  Atlan tic. Th e 
extr acted gr adien ts ar e con sisten t with  th e fun ction .
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Figure 1. An illustration of the adjoint m ethod. The gradient 
accum ulator 𝑤! aggregates the derivative at all noise levels.

Figure 2. Clock wise from  top-left: typical SST change in 
2021 Jan; sensitivity m ap of shortwave radiation in the green 
patch; visual com parison between gradients extracted and 
the function; typical shortwave radiation m ap.

Figure 3. The sensitivity of global net radiation balance with 
respect to SST, averaged over historical AMIP SSTs from  
1971-2020.


