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NASA (Sp ac e ) Sc ie nc e
NASA’s  St ra t e gic  Goal 1.1

“Und e rs t and  t he  Sun, Eart h, Sola r Sys t e m , 
and  Unive rs e .”
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Va lue  of NASA’s  Sc ie nc e  Dat a

“The National Aeronautics and Space 
Administration (NASA) has become a 
knowledge agency. Long after the Mars 
Surveyor has gone silent, Hubble has met the 
same fate as Mir, and the Moderate Resolution 
Imaging Spectroradiometer has produced its 
final set of images, what will endure are the 
volumes of valuable data that these 
instruments and many others have collected 
over their lifetimes….” 

– National Research Council, 2002
Num b e r of Hub b le  p ap e rs  as  a  
func t ion of t im e . Arc hiva l re se arc h 
d om ina t e s  p ap e r outp ut  a ft e r t he  firs t  
fe w ye ars .
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Prob le m  of Sc a le : 
Drowning in Dat a , St a rving for Knowle d ge

“Torrents of data bits descend upon us from our instruments in space. How 
do we process the data, store them, retrieve them for scientists to use? This is 
our theme -how to obtain information and understanding from these data.” 

– National Research Council, 1982

Photography from TIROS 1, Launched April 1, 1960 
NASA Goddard Space Flight Center

The  c ha lle nge : m anage  ove rwhe lm ing d a t a  and  d is t ill it  int o m e aningful knowle d ge .
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What  Are  Found a t ion Mod e ls?
● Found at ion m od e ls  (FM) a re  AI m od e ls  t ha t  a re  designed 

to replace task - specific models and be applied to many 
different downstream applications .

● FM are  t ra ine d  us ing self- supervised techniques and  c an 
b e  b uilt  on any t yp e  of sequence data .
○ Se lf sup e rvis e d  le arning re m ove s  t he  e xis t ing 

road b loc k for d e ve lop ing a  la rge  annota t e d  d a t ase t  
for t ra ining.

● FM m od e ls  have  t he  following c harac t e ris t ic s :
○ Mos t ly ut ilize  t rans form e r a rc hit e c ture s  t ha t  ut ilize  

t he  not ion of a t t e nt ion or s e lf- a t t e nt ion, a llowing
the  ne twork t o m od e l t he  influe nc e  of d is t ant  d a t a  
e le m e nt s  on e ac h othe r b oth in t im e  and  sp ac e

○ Exhib it  emergent properties that are induced from 
the data , ra t he r t han e xp lic it ly c ons t ruc t e d  

○ Can b e  ap p lie d  t o d owns t re am  t asks  b y using few 
shot learning and fine tuning

○ Have  t o b e  trained at scales t ha t  lim it s  t he  ab ilit y t o  
a  hand ful organiza t ions

Im age  sourc e : Gartne r Re p ort  - Innova t ion Ins ight  for Art ific ia l 
Int e llige nc e  Found a t ion Mod e ls , Pub lishe d  27 Oc t  20 22
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Se lf- Sup e rvis e d  Le arning: FMs  from  Unlab e le d  
Dat aCore  Conc e p t : m od e l le a rns  hid d e n p a t t e rns  in t he  d a t a , le ve raging m ass ive  unlab e le d  d a t ase t s
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Why a re  FMs  Im p ort ant  for Sc ie nc e ?

Ob vious  Prac t ic a l Be ne fit s

● Ac c e le ra t e  Downs t re am  Ap p lic a t ions :
● Lowe r Barrie rs  t o  AI Int e gra t ion:- s im p lify t he  

p roc e s s  of inc orp ora t ing AI int o s c ie nt ific  re se a rc h 
and  ana lys is .

● Re m ove  Tra ining Da t a  Bot t le ne c ks  - re d uc e  t he  
d e p e nd e nc y on la rge , lab e le d  t ra ining d a t ase t s  for 
e ve ry ne w t ask.

● Inc re ase  Da t a  Ut iliza t ion- d rive  gre a t e r use  and  
e xp lora t ion of NASA's  vas t  d a t a  a rc hive s .

● Re d uc e  Cos t  of Ent ry- d ras t ic a lly lowe r t he  init ia l 
e ffort  and  re sourc e s  ne e d e d  t o  b uild  ne w 
d owns t re am  ap p lic a t ions .

St ra t e gic  Be ne fit s  for NASA Sc ie nc e

● Enab le  Mult i- Ins t rum e nt , Mult i- Mis s ion Synt he s is  
- ne w m e t hod s  for c om b ining and  ana lyzing d a t a  
from  d ive rse  ins t rum e nt s  and  m is s ions .

● Ac c e le ra t e  Dat a- Drive n Mod e l De ve lop m e nt  -
t he  c re a t ion of sop his t ic a t e d  m od e ls , like  d igit a l 
t wins , for c om p le x Eart h and  sp ac e  sys t e m s .

● Exp lore  Ne w Sc ie nt ific  Sp ac e s  - ut ilize  d a t a  
e m b e d d ings  t o  unc ove r nove l re la t ionship s , 
hid d e n p roc e s se s , and  une xp e c t e d  p a t t e rns  in 
d a t a .

● St and ard ize  Sc ie nt ific  Dat a  Re p re se nt a t ions?
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Prit hvi- EO: Ge ne ra lis t  Ge osp a t ia l FM
• Built  wit h c ollab ora t ion wit h IBM 

Re se arc h, UAH, Cla rk Unive rs it y, ASU 
and  ot he rs  

• Init ia lly re le ase d  (20 23) 10 0 M 
p aram e t e r m od e l p re t ra ine d  on HLS 
CONUS d a t a  

• Eva lua t e d  for ad ap t a t ion for d iffe re nt  
c a t e gorie s  of d owns t re am  t asks
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Prit hvi WxC: We at he r and  Clim at e  Found a t ion Mod e l

Motivation

Enhanc e  a t m osp he ric  ana lys is  t o  ad d re s s  
ap p lic a t ions  t ha t  a re n’t  foc use d  sole ly on 
fore c as t ing suc h as  p a ram e t e riza t ion and  
d ownsc a ling.

Science Use Cases

1. Hurricane forecasting: Out p e rform e d  
FourCas t Ne t  m od e ls , wit h a  m e an t rac k 
e rror of 6 3.9  km  for Hurric ane  Id a

2. Downscaling: Ac hie ve d  s ignific ant  
im p rove m e nt s  in sp a t ia l and  t e m p ora l 
RMSE (4x b e t t e r t han int e rp ola t ion 
b ase line s )

3. Climate model parameterization:
Suc c e s s fully fine - t une d  for gravit y wave  
flux p re d ic t ion, im p roving sub - grid  
a t m osp he ric  p roc e s s  re p re se nt a t ion

The picture can't be displayed.

Re le ase d  Se p t  20 24
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Prit hvi WxC: We at he r and  Clim at e  Found a t ion Mod e l

• 2.3 b illion p aram e te r found a t ion m od e l for 
we a t he r and  c lim ate  ap p lic a t ions

• De ve lop e d  us ing 16 0  a t m os p he ric  
variab le s  from  NASA's  MERRA- 2 d a t as e t  
(19 80 – 20 19)

• Trans form e r- b ase d  e nc od e r- d e c od e r 
a rc hit e c t ure  c ap t uring re giona l and  glob a l 
d e p e nd e nc ie s

• Com b ine s  m as ke d  re c ons t ruc t ion and  
fore c as t ing ob je c t ive s  for ge ne ra lizab ilit y

• Op e n- s ourc e  re le ase  on Hugging Fac e  for 
p ub lic  us e

Architecture
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SURYA: He liop hys ic s  Found a t ion Mod e l

Motivation

Boos t  t he  ac c urac y and  e ffic ie nc y of sp ac e  
we a t he r fore c as t ing inc lud ing t he  
d e grad a t ion/ d is rup t ion of s a t e llit e  naviga t ion 
(GPS) and  rad io c om m unic a t ions  and  
rad ia t ion hazard s  t o  as t ronaut s .

Science

1. Solar Flare Forecasting: Pre d ic t  M- or X-
c las s  fla re s  wit hin a  24 - hour wind ow (b inary 
c las s ific a t ion) 

2. Active Region Emergence Forecasting: 24-
hour ge ne ra t ive  p re d ic t ion of c ont inuum  
int e ns it y t o  p re d ic t  p re c ursors  t o  fla re  
ac t ivit y and  m agne t ic  s t orm s

3. Solar Wind Forecasting: Re gre ss ion t ask 
p re d ic t ing wind  s p e e d  up  t o 4  d ays  ahe ad

4. Solar EUV spectra prediction: Fore c as t  
EUV irrad ianc e  ac ross  1343 c hanne ls , 
p ot e nt ia lly c re a t ing a  "virt ua l EVE" c ap ab ilit y

Re le ase d  Aug 20 25
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Surya : He liop hys ic s  Found a t ion Mod e l

Data Source

NASA’s  Sola r Dynam ic s  Ob se rva t ory (SDO), 
sp e c ific a lly AIA and  HMI ins t rum e nt s , use s  13 
c hanne ls  (8  AIA, 5  HMI).

Science

Ze roshot  rollout  of a  fla re  e ve nt
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Op e n Sc ie nc e  as  an Et hos
Esse nt ia l for AI for Sc ie nc e

Challe nge s  wit h Com m e rc ia l AI Mod e ls

● Prolife ra t ion of c lose d , p rop rie t a ry m od e ls  
d e ve lop e d  b y c om m e rc ia l ve nd ors

● Lim it e d  vis ib ilit y int o p re t ra ining d a t a , 
m od e l a rc hit e c t ure , c om p ut e  re sourc e s , 
and  m e t hod ologic a l c hoic e s

● Mod e ls  func t ion as  b lac k b oxe s , 
c ons t ra ining sc ie nt ific  int e rp re t ab ilit y

● Re le ase  c yc le s  d rive n b y hyp e  ra t he r t han 
ve rifiab le  s c ie nt ific  rigor

What  t he  Sc ie nt ific  Com m unit y Mus t  Ensure

● Collab ora t ive  m od e l d e ve lop m e nt ground e d  in 
sound  sc ie nt ific  p rinc ip le s

● Op e n and  ac c e s s ib le  d e s ign a rt ifac t s (d a t a , c od e , 
d oc um e nt a t ion, e va lua t ion p rot oc ols )

● Ind e p e nd e nt  e va lua t ion b y d ive rse  s c ie nc e  
t e am s , not  jus t  m od e l d e ve lop e rs

● Transp are nt  c om m unic a t ion of s t re ngt hs , 
lim it a t ions , and  ap p rop ria t e  use  c ase s

● Exp la inab ilit y and  int e rp re t ab ilit y (b ase d  on firs t  
p rinc ip le s ) t o  und e rs t and  what  t he  m od e l has  
le a rne d , whe re  it  p e rform s  re liab ly, and  whe re  it  
sys t e m at ic a lly fa ils
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Thank You

Dr. Rahul Ram ac hand ran

NASA Marsha ll Sp ac e  Flight  Ce nt e r
Offic e  of Dat a  Sc ie nc e  and  Inform at ic s

rahul.ram ac hand ran@nasa .gov
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