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At the ocean surface, the exchange of heat and moisture fuel
atmospheric weather and climate and ocean variability .



Some examples of ….. 

The atmosphere
forcing the ocean  

The ocean forcing the 
atmosphere

Diurnal warming: Wind     Ocean Temp

Upwelling:            Wind      Ocean Temp

Im a g e : (top ) Ge n te m an n  e t  a l. 20 19 ; (b o t tom ) NOAA NFSC

Boundary layer stability:   Wind     Ocean Temp

Boundary layer stability:   Wind     Ocean Temp

Im a g e : (top ) Ch e lton  e t  a l. 20 0 1; (b o t tom ) Fre n ge r e t  a l. 2013

SST/wind          correlation SST/wind           correlation



Small -scale air -sea heat & moisture fluxes appear to influence both 
local atmospheric variability and remote weather over land  

Wind & SST data show:

At large scales the 
atmosphere generally drives 
the ocean. 

At small scales the ocean 
drives the atmosphere.

Wind -SST are proxies 
because we have NO 
accurate measurements of 
small -scale air -sea heat / 
moisture flux data from 
space

High pass 
filtered 
data

Negative
Correlatio
n

Positive 
Correlatio
n

Gentemann et al. (2020)



Air -sea heat & moisture fluxes regulate air -sea interactions, 
thereby influencing the energy and water cycles 

Ocean evaporation is the largest 
element of the global water cycle.  It 
also has the largest uncertainty.

Are small-scale air-sea interaction an 
important source of uncertainties for air-
sea heat and moisture fluxes on 
regional to global scales?

Image Credit: Rodell et al. 2015



No  e xis t in g  s a t e llit e  is  d e s ig n e d  t o  
m e a su re  t h e  a ir-s e a  t u rb u le n t  h e a t  flu xe s .

Exis t in g  flu x p ro d u c t s in t e rp ola te  m u lt ip le  
d a t a  s o u rce s in  s p a ce  a n d  t im e



The turbulent heat fluxes include sensible and latent heat 
flu xe s . Th e  la te n t  h e a t  flu x is  d ire c t ly re la te d  to  m o is tu re  
flu x th ro u g h  e va p o ra t io n .

Es t im a t e  t h e  a ir-s e a  t u rb u le n t  h e a t  flu xe s :



WHAT
Bu t t e rfly is  t h e  firs t   s a t e llit e  m is s io n  to   simultaneously m e a s u re  s e a  s u rfa c e  t e m p e ra tu re , w in d , & n e a r-
s u rfa c e  a ir t e m p e ra tu re  & h u m id ity in  o rd e r t o  e s t im a te  a ir–s e a  t u rb u le n t  h e a t  a n d  m o is tu re  flu xe s  a t  a  s p a t ia l 
re s o lu t io n  a b le  t o  re s o lve  t h e  im p a c t  o f s m a ll-s c a le  o c e a n  fe a tu re s  o n  la rg e -s c a le  w e a th e r a n d  c lim a te .

WHY
Th e  o c e a n  s u p p lie s  t h e  a tm o s p h e re  
w ith  h e a t  a n d  m o is tu re , fu e lin g  lo c a l 
va ria b ilit y, re m o te  w e a th e r, a n d  th e  
g lo b a l c lim a te . No  o th e r s a t e llit e  is  
d e s ig n e d  to  e s t im a te  t h is  a ir–s e a  
e xc h a n g e . Observing air –sea fluxes 
will advance Earth system science, 
improve models, and lead to better 
daily, seasonal, and climate 
forecasts.

HOW
Bu ild in g  o n  NASA t e c h n o lo g y, Bu t t e rfly c o m b in e s  a  p a s s ive  m ic ro w a ve  
ra d io m e te r (7 , 11. 19, 24 , a n d  37 GHz), h yp e rs p e c t ra l s o u n d e r (110 -118 , 160 -18 3 GHz), 
tw o  s p in n in g  re fle c to rs , a n d  a  d ig it a l b a c ke n d  to  g e n e ra t e  RFI-ro b u s t  d a t a . 

revealing the 
ocean’s impact on
weather & climate

2-DAY COVERAGE

Channel 
(GHz)

Footprint 
(km)

7 25x22
11 17x14
19 13x12
24 12x11
37 12x10

110-116 17x14
150-170 12x10

Resampled 20

Mission Details
Launch Date 4/2026

Length 2 years
Orbit sun-sync

Swath Width 640 km
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Operational centers are all moving to 
coupled models 
….but the coupling mechanism details 
are still highly uncertain and coupled 
data assimilation development is still 
in an experimental phase. 

Butterfly will collect the exact data
needed to advancing coupled 
modeling and data assimilation, 
accelerating operational model 
development, making a step change 
in coupled forecasts, and improving 
predictive skill across scales.

Why now?

Image credit: https://climate-dynamics.org/earth-system-modeling-2-0/



Bu t t e rfly co m b in e s :

P a s s ive  m ic ro w a ve  im a g e r
6 .8 , 10 .7 . 18 .7 , 23.8 , a n d  37  GHz
Me a s u re s s e a  s u rfa ce  t e m p e ra tu re  & w in d  s p e e d

Ne a r-s u rface  s o u n d e r
110 -116, 150 -170  GHz
Me a s u re s n e a r-s u rface  a ir t e m p e ra t u re  & h u m id it y

Tw o  s p in n in g  re fle c t o rs
Ach ie ve s  20  km  s p a t ia l re s o lu t io n      

Dig it a l b a cke n d
Im p ro ve s  a ccu ra cy a n d  p ro vid e s RFI-ro b u st  d a t a

How?



20 km data, 640 km swath width, and 91% 
global coverage in 2 days

2-DAY COVERAGE

Channel 
(GHz)

Footprint 
(km)

7 25x22
11 17x14
19 13x12
24 12x11
37 12x10

110-116 17x14
150-170 12x10

Resampled 20



A new view of fluxes 

A WRF-based 
assessment

Now

Butterfly



~50% reduction of errors

Instantaneous observational random errors for each input 
variable and the flux errors for current missions and Butterfly 
based on error propagation. 

The errors of current flux products due to temporal/spatial 
mismatch of input variables have not been included. Butterfly is 
not affected by such mismatch because of its simultaneous 
measurements of input variables.



Butterfly Science
Addressing Decadal Survey Question W -3 “How do spatial variations in 
surface characteristics modify transfer between domains and thereby 
influence weather and air quality ?”

Science Objective 1: Do small -scale spatial variations in air –sea fluxes near 
warm ocean currents affect large -scale storm evolution and improve 
prediction of long -term weather?

Local to Regional



Butterfly Science

Addressing Decadal Survey Question C -4 “How will the Earth system 
respond to changes in air -sea interactions ?”

Science Objective 2: Do small -scale variations in the air –sea boundary 
layers contribute significantly to the large -scale air –sea exchange of 
heat and moisture?

Local to Global

ECCO ocean model data showing 
ocean eddies off British Columbia



Butterfly will 
provide us with 
the first
observational 
opportunity to 
test major 
hypotheses 
about mesoscale 
air -sea 
interaction 
mechanisms 
affecting both 
ocean and 
atmospheric 
variability

Image credit: Los Alamos National Laboratory
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