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ABSTRACT 
 
The status of satellite remote sensing of ocean-atmosphere exchanges is reviewed.  Three on-
going studies in air-sea interaction with potential impact are introduced.  They include observation 
of intense biological bloom driven by typhoon with inference on global carbon cycle, new 
hypothesis on air-sea coupling without deep convection, and long-term trend in wind magnitude 
and meridional  Ekman heat transport. 
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OCEAN-ATMOSPHERE EXCHANGES 
FROM SPACE 
 
The ocean is forced at the surface largely 
through the exchanges of water, heat, and 
momentum. The exchanges drive the transport 
and change the storage of heat, water, and 
greenhouse gases, and thus moderate the world's 
climate.  The ocean feedback to climate changes 
must be manifested through these exchanges, 
without which the Earth would be a more hostile 
habitat. We need to study air-sea exchanges to 
understand natural global changes and to discern 
the anthropogenic effects.  The ocean 
and the atmosphere are under-sampled 
turbulent fluid with non-linear 
interactions; processes at one scale affect 
processes at other scales.  Adequate 
observations at significant temporal and 
spatial scales can only be achieved from 
the vantage point of space. 
 
The atmospheric forcing and oceanic 
responses observed from space are 
summarized in Fig. 1.  The momentum 
exchanges or the dynamic forcing of the 
ocean is the results of wind shear.  The 
spacebased scatterometer is the only 
proven means of measuring wind speed 
and direction under clear and cloudy 
conditions night and day [Liu, 2002]. 
The dynamic response as ocean current 
is being measured by radar altimeters 
[Fu, 2001].  The thermal exchanges or 
heat flux can be divided into four 
components – the sensible heat flux 

resulting from the temperature gradient, the 
latent heat carried by evaporation, the short-wave 
radiation from the sun, and the long-wave 
radiation from the atmosphere and the ocean.  
Solar heating and evaporative cooling are the 
larger variable components.  The variability of 
global surface net short-wave radiation (SR) is 
largely controlled by the variability of clouds, 
and most of the recent computations of SR over 
the ocean make use of data with high resolution 
sampled by geostationary satellites, through the 
International Satellite Cloud climatology Project 
(ISCCP).  The Clouds and Earth’s Radiant 

Energy System (CERES) on the Tropical Rain 

Fig. 1 Schematic diagram of ocean surface forcing and oceanic 
responses, with corresponding spaceborne sensors 
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Measuring Mission (TRMM) and NASA’s Earth 
Observing System (EOS) Platforms will advance 
the computation of the radiation forcing.  Latent 
heat flux is usually computed from wind speed 
and sea-air humidity differences through bulk 
parameterization models or directly from the 
radiances measured by microwave radiometers 
such as the TRMM microwave imagers (TMI) 
and Advanced Microwave Scanning Radiometer 
(AMSR).  New methods using neutral network to 
derive both sensible and latent heat fluxes have 
been attempted [Bourras et al., 2002 a, b; Jones 
et al., 2002].  The hydrologic forcing is the 
difference between precipitation (rain) and 
evaporation.  TRMM, with its low-inclination 
orbit (higher sampling ate), opened up a new era 
of estimating both surface rainfall and rain 
profile [Kummerow et al., 1998].  Multiple 
AMSR on various platforms will extend TRMM 
rainfall measurements to higher latitudes. 
 
A review of the remote sensing of ocean-
atmosphere exchanges was given by Liu and 
Katsaros, 2001] and addressed by many of 
experts in this conference.  In this report I will 
give three examples of breakthrough results in 
air-sea interaction. 
 
 
WIND FORCING ON BIOGEOCHEMICAL 
BALANCE 
 
There has been intense search for new sources of 
external nutrient supply that contribute to 
sustaining the primary biological production in 
nutrient-poor (oligotrophic) surface waters, 
where traditional accepted mechanisms are 
insufficient.  The vertical pumping of nutrient by 
transient tropical cyclones, with its intense wind 
vorticity, has been speculated as a possibility, 
but undocumented by observations. Tropical 
cyclones are non-stationary and violent; the 
oceanic responses cannot be tracked by ship or 
moorings.  The all weather sea surface 
temperature (SST) from TMI has caused new 
revelation of the cold wakes left by hurricanes 
and typhoon.  But there is almost no successful 
observational correlation between tropical 
cyclones and biological productivity  
 
Typhoon Kai-Tak, with moderate intensity, was 
observed by QuikSCAT to linger at a near 
stationary slow speed in northern South China 
Sea (SCS), 5-8 July 2000. The slow movement 
and intense winds caused strong mixing and 
upwelling, with estimated Ekman pumping 

velocity reaching 0.4 cm/s at the typhoon 
location (Fig. 2a). TMI observed a 9°C cooling 
of SST immediately after the passage of the 
typhoon on 9 July 2000 (Fig. 2b), and 100 time 
increases (from 0.1 to 10 mg/m3) in chlorophyll-
a (indicating biological activities), 5 day later 
(Fig. 2c). The Kai-Tak passage was found to 
generate 2-4% of the annual new production in 
SCS.  This amount is highly significant, 
considering that there are , on average, 14 

Fig. 2 Quikscat wind vectors superimposed on Ekman 
pumping velocity for July 6, 2000 (a); sea surface 
temperature from TMI for July 9, 2000 (b); Ocean color 
from SeaWifs for July 12-14. 
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tropical depressions/ cyclones passing SCS 
annually.  More comprehensive results and 
analysis are presented by Lin et al. [2002a]. 
 
 
AIR-SEA COUPLING WITHOUT 
PENETRATIVE CONVECTION 
 
At the major inter-tropical convergence zone 
(ITCZ) north of the equator, deep convection and 
surface wind convergence are co-located with 
high SST.  Here the northerly and southerly trade 
winds, driven by surface pressure gradient, come 
together.  Liu and Xie [2002] found weaker and 
year-round convergence zones south of the 
equator in parallel with the northern ITCZ, in 
both the Atlantic and Pacific, which are 
sustained by a different mechanism.  The weaker 
ITCZ over cooler water is caused by the 
deceleration of the surface winds as they 
approach the cold upwelling water near the 
equator.  Decreases in vertical mixing and 
increases in vertical wind shear in the 
atmospheric boundary layer are suggested to be 
the causes of the deceleration of the trade-winds 
as they move from warmer to colder water.  The 
peak convergence does not co-located with local 
SST maximum.  This model of tropical ocean 

atmosphere coupling through vertical mixing 
was first used by Xie et al. [1998] to explain the 
coherence between SST and surface wind in the 
tropical instability waves (TIW)-the westward 
propagating temperature front of the cold tongue.  
Liu et al. [2000] validated this model with 
rawindsonde measurements of a research cruise 
across the TIW, and with the phase difference 
between the wind components measured by 
QuikSCAT and SST from TMI.  The same 
model was implied in a number of studies of 
TIW, including Wentz et al. [2000] who tested 
the model with the boundary parameterization of 
Liu et al. [1979], and Hashizume et al. [2002] 
who related boundary layer structure to pressure 
gradient using rawindsonde soundings.   
 
Similar relation between SST and surface winds 
appears to be much more prevalent.  It was 
observed in the cold patches left behind typhoon 
passages [Lin et al., 2002b] and even over Gulf 
Stream rings [Park and Cornillon, 2002].  The 
vertical mixing mechanism appears to be 
applicable over a broad spectrum of temporal 
and spatial scales over different regions.  Xie et 
al. [2002] demonstrate similar relation in the 
Asian marginal seas.  Fig. 3a shows a strong 
warm tongue stretching from Cheju Island of 

South Korea, 
through the 
Yellow Sea to the 
Bohai Bay.  It is 
separated from a 
similar warm 
tongue in East 
China Sea to the 
south by a cold 
tongue.  The 
warm and cold 
tongues are 
associated with 
high and low 
winds.  Fig. 3b 
shows that the 
warm tongues lie 
over deep 
channels. Under 
intense winter 
cooling, deep-
water cools much 
slower because of 
thermal inertia, 
than shallow 
water, and hence 
stay warmer.  
Vertical mixing is 

Fig 3 Isotherms (white lines) of sea surface temperature derived from TMI are 
superimposed on wind speed (color images) in (a) and over bathymetry in (b). 
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a strong determining factor.   Satellite data 
revealed ocean-atmosphere interaction trigger by 
submerged ocean topography during the winter 
cooling. 
 
INTRADECADAL WEAKENING OF 
TRADEWINDS AND EKMAN HEAT 
TRANSPORT 
 
Ocean plays a major role in moderation of the 
world’s climate through the meridional 
transportation of heat; a major portion of which, 
the Ekman heat flux (EHF), is driven by wind.  
El Nino (interannual anomalous warming in the 
equatorial Pacific) is believed to be caused by 
the collapse of the trade-winds. The trade-wind 
characteristics associated with El Nino have been 
largely described in terms of the zonal wind 
component near the equator measured at moored 
buoys and islands.  The trade-wind system as a 
whole, which cover a large area in the Pacific, in 
relation to El Nino, has not been well-monitored 
 

The long-term variation of the trade-wind system 
was examined by Liu and Tang[2001].  Fig. 4 
shows an example of significant decreasing trend 
between the end of 1996 and the beginning of 
1997, In this case, all three measurements, ERS 
scatterometer, the microwave radiometers on 
Special Sensor Microwave Imagers, and 
moorings, agree in the central tropical pacific. In 
somepart of the oceans, however, wind speed 
measurements by ERS and SSM/I do not show 
the same trend and there is no buoy 
measurements to compared. Using ERS 
scattereometer winds, Sato et al. [2002] show 
weakening of the magnitude of Ekman heat 
transport over global oceans during the same 
period of time, which would have significant 
climate impact. 
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Fig. 4 Interannual anomalies of ocean surface wind speed average over ten C-Man buoy in the tropical 
pacific and collocated measurements by QuikSCAT and SSMI. 
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