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Air Sea Interaction 

• Atmosphere and ocean an interconnected 
system 

•  Change in atmosphere affects ocean 

•  Change in ocean affects atmosphere 

 



• There is an unequal solar heating 

• Low latitudes receive more solar radiation 

• High latitudes receive less solar radiation 

 



Atmospheric Circulation 
•Surface winds flow from high pressure to low 
pressure 



Global Circulation 
• Single-cell circulation 

model  

• Hadley model  

 Hadley proposed that 
the contrast in 
temperatures between 
the poles and the 
equator creates a large 
convection cell in both 
the Northern and 
Southern hemispheres. 



Global Circulation 

• Warm equatorial air rises until it reaches 
the tropopause. Where it spreads towards 
the poles. Eventually this uplift level flow 
reaches the poles, where cooling causes it 
to sink and spread out at the surface as 
equatorward moving winds.  

• It reaches the equator warms and they 
cycle repeats 



Three-cell model 



Pressure Zones Drive the Wind  

• Idealized zonal pressure belts:  

1. The equatorial low is an intertropical 
convergence zone (ITCZ).  

• Low pressure and trade winds converge 

 2. Subtropical highs (STH) are high-pressure 
zones in the belts about 20°–35° latitude on 
either side of the equator.  

• Where westerlies and trade winds originate. 



Pressure Zones Drive the Wind 

3. Subpolar low is a low pressure region about 
50°-60° latitude. Polar easterlies and 
westerlies clash in low pressure convergence 
zone; this is the reason for bad weather in our 
area in the winter  

4. Polar highs near the Earth’s poles are where 
the polar easterlies originate.  

• Higher than average pressure. 



Pressure Zones Drive the Wind 



Semi Permanent Pressure Systems: 
The real World 



Semi Permanent Pressure Systems: 
The real World 



Global Winds and Ocean Currents 

• Energy is passed from moving air to the 
surface of the ocean through friction. 
Resulting in water being dragged by the wind.  

• The Coriolis force deflects surface currents 
poleward, which form nearly circular patterns 
of ocean currents called gyres 



Global Winds and Ocean Currents 

• Gyres are found in each major ocean basin 
centered around subtropical high-pressure 
systems  

• The Gulf stream is strengthened by westerly 
winds and continues northeastward. 



Ocean Currents 



 Importance of ocean currents:  
• Ocean currents have an important on climate, 

which helps maintain the Earth’s heat balance.  
• Cold currents offshore result in a dry climate.  
• Warm offshore current produce a warm moist 

climate.  Ocean currents account for ¼ of total 
heat transport. Wind accounts for the other ¾. 

 Ocean currents and upwelling:  
• Upwelling is the rising of cold water from deeper 

layers to replace warmer surface water.  
• A wind-induced vertical movement  
• It occurs where winds blow parallel to the coast 

toward the equator. 
 



El Nino – La Nina 



El Nino 

• El Niño (Spanish for “the Child” in reference to 
baby Jesus)  

Warm surface current in equatorial eastern 
Pacific that occurs periodically around 
Christmastime 

• Southern Oscillation  
 Change in atmospheric pressure over Pacific 

Ocean accompanying El Niño 
• ENSO describes a combined oceanic-

atmospheric disturbance 



Normal Situation over Pasific Ocean 
(Non El Nino year) 

• Low pressure over Asia 

• High pressure over South America 

• Winds blow east to west  

• Shallow thermocline along South America, lots 
of upwelling, cold water at surface  

• Deeper thermocline near Asia, warm surface 
water piles up 



Walker Circulation 



Walker Circulation 

• Beginning in the late 1800s scientists began to 
describe large-scale pressure fluctuations. 

• Sir Gilbert Walker and colleagues extended 
the early studies and determined that a 
global-scale pressure fluctuation (the 
Southern Oscillation) is related to rainfall 
anomalies in many areas of the Tropics (e.g., 
India and South America). 

• The SO was used as the basis for seasonal 
rainfall predictions (ca 1930s). 



Normally, The trade winds and strong equatorial 
currents flow toward the west. At the same time, an 

intense Peruvian current causes upwelling of cold water 
along the west coast of South America. 



El Nino years over Pacific Ocean: 

• pressure change : Southern Oscillation  

higher pressure over Asia  

lower pressure over South America  

winds weaken or blow west to east  

thermocline deepens along South America, little 
upwelling, warmer water at surface  

warm surface water sloshes back along equatorial 
Pacific 



El Nino years over Pacific Ocean: 



Upon the advent of an ENSO event, the pressure over the 
eastern and western Pasific flip-flops. This is causes the trade 
winds to diminish, leading to eastward movement of warm 

water along the equator. As a result, the surface waters of the 
central and eastern Pasific warm, with far- reaching 

consequences to weather patterns. 



La Nina years over Pasific Ocean 



La Nina 

• Strong trade winds blow surface water towards 

east, creating colder surface temperatures off 

South American coast. 

• Unusually cold surface water temperatures in 

the Pacific ocean caused by strong easterly 

trade winds 



Sea SurfaceTemperature differences between  

El Niño and La Niña 



Sea SurfaceTemperature differences between  

El Niño and La Niña 



Kelvin Wave - Rossby Wave 

• Sometimes the trades in the western equatorial Pacific not only weaken, 
they actually reverse direction for a few weeks to a month, producing 
westerly wind bursts that quickly deepen the thermocline there. 

•  The deepening of the thermocline launches an eastward propagating 
Kelvin wave and a westward propagating Rossby wave. The Kelvin wave 
deepens the thermocline as it moves eastward, and it carries warm water 
eastward. The deeper thermocline in the east leads to upwelling of warm 
water, and the surface temperatures offshore of Ecuador and Peru warms 
by 2–4◦. The warm water reduces the temperature contrast between east 
and west, further reducing the trades. The strong positive feedback 
between sea-surface temperature and the trade winds causes rapid 
development of El Nino. 



Kelvin Wave - Rossby Wave 



Kelvin Wave - Rossby Wave 
• Rossby (off equatorial, westwards traveling) 
• Kelvin (equatorial, eastwards traveling) 
• The left column shows the case in which the initial 

disturbance was placed inside the inner meshes. The right 
column shows the case in which the Kelvin wave 
propagates through the inner meshes. 

 



Kelvin Wave - Rossby Wave 



Kelvin Wave - Rossby Wave 

Schematic diagram of the Graham and White (1988) hypothesis linking one 
El Nino event to its success or through internal dynamics within the Pacific Ocean.  



Kelvin Wave - Rossby Wave 

Theoretical arguments presented by Graham and White in the late 1980s 
imply that the coastal Kelvin waves directed polewards along the western  
coast of the Americas as a result of equatorial wave dynamics in an El Nino 
can initiate the generation of westward-propagating Rossby waves. This must 
rely on interaction of the coastal waves with irregularities in the shelf  
topography. 
 
Upon reaching the west Pacific coast these could then feed energy into 
equatorward-propagating coastal Kelvin waves. In turn, at the equator these 
convert to equatorial Kelvin waves, acting to depress the thermocline and  
Limit equatorial upwelling. Consequent raising of sea surface temperatures in  
the west central Pacific weakens the Trades and an El Nino begins. 



Kelvin Wave - Rossby Wave 



El Niño/La Niña & weather in southern 
California 

• Typical weather during El Niño? 
– Strong El Niños: Lots of powerful storms (good 

waves), lots of rain (1997-1998 = more than 
double our normal rainfall), but not always… 

– Moderate/Weak El Niños: can have drought 
conditions or lots of rain or no effect at all 

• Typical weather during La Niña? 
– Extremely dry conditions (2000-2001 = 1/3 normal 

rainfall) 

 



Effects of severe El Ninos 



El Nino Teleconnections 
• Teleconnections are statistically significant 

correlations between weather events that occur at 
different places on the earth. Figure shows the 
dominant global teleconnections associated with the 
El Nino/Southern Oscillation. 

 



El Nino Teleconnections 

• Sketch of regions receiving enhanced rain (dashed 
lines) or drought (solid lines)during an El Nino event.  

• (0) indicates that rain changed during the year in which 
El Nino began,  

• (+)indicates that rain changed during the year after El 
Nino began. After Ropelewski and Halpert (1987). 



El Nino Teleconnections 

• The influence of ENSO is through its influence on 
convection and associated latent heat release in 
the equatorial Pacific. As the area of heavy rain 
moves east, the source of atmospheric heating 
moves with the rain, leading to widespread 
changes in atmospheric circulation and weather 
patterns outside the tropical Pacific (McPhaden, 
Zebiak and Glantz, 2006). This sequence of events 
leads to some predictability of weather patterns a 
season in advance over North America, Brazil, 
Australia, South Africa and other regions. 



El Nino Teleconnections 

• As the convective regions migrate east along the 
equator, they bring rain to the normally arid, central-
Pacific islands. The lack of rain the western Pacific leads 
to drought in Indonesia and Australia. 



Observing El Nino 

• To observe the region NOAA’s Pacific Marine 
Environmental Laboratory in Seattle deployed an array of 
buoys to measure oceanographic and meteorological 
variables. 

•  The first buoy was successfully deployed in 1976 by David 
Halpern.  

• The program has now evolved into the Tropical Atmosphere 
Ocean TAO array of approximately 70 deep-ocean 
moorings spanning the equatorial Pacific Ocean between 
8◦N and 8◦S from 95◦W to 137◦E (McPhaden et al, 1998). 

• It is a multi-national effort involving the United States, 
Japan, Korea, Taiwan, and France with a project office at 
the Pacific Marine Environmental Laboratory. 



• This is a view of the current El Nino / La Nina evolving in the tropical Pacific Ocean. 
You are looking north, across the equator from a vantage point above the ocean. 
The colored vertical plane shows the ocean temperature at the Equator from the 
sea surface down to a depth of 500m. The colored horizontal plane shows the sea 
surface temperature. The sea surface winds are the light blue vectors. The Ocean 
currents from the surface to 300m depth are shown by the white vectors. The 
transparent surface is the 20°C isotherm (water which has the temperature 20°C). 
The animation frames show monthly values for the last 60 months. All of these 
data come from the Tropical Atmosphere Ocean (TAO) network of moored ocean 
buoys in Equatorial Pacific. 

 

http://www.pmel.noaa.gov/tao/


Upper Ocean Temperature and 
Dynamic Height 



This is a view of the current El Nino / La Nina evolving in the tropical Pacific Ocean. 
You are looking due north toward the equator from within the Pacific Ocean. The 
colored vertical plane shows the ocean temperature at the Equator from the sea 

surface down to a depth of 500m, and the transparent surface is the 20°C isotherm 
(water which has the temperature 20°C). Ocean Current vectors at the Equator down 
to a depth of 300m are shown in white. The animation frames show monthly values 
for the last 60 months. All of these data come from the Tropical Atmosphere Ocean 

(TAO) network of moored ocean buoys in Equatorial Pacific. 

http://www.pmel.noaa.gov/tao/


Dp C02 (top) and temperature (bottom) in the Equatorial Pacific 



Winds, Temps, and Currents 



3D Representation of temperature 
data in the Bering Sea 





Navy Coupled Ocean Data 
Assimilation (NCODA) 



Navy Coupled Ocean Data 
Assimilation (NCODA) 



Navy Coupled Ocean Data 
Assimilation (NCODA) 



Forecasting El Nino 

ENSO Forecasters rely on: 

 (1)  Real-time data from the equatorial Pacific Ocean 
(collected from buoys, satellites, etc) and their knowledge 
of previous ENSO episodes  

 (2)  Dynamical models:  mathematical equations combined 
with current observations and run on a computer 

  + NCEP Climate Forecast System (CFS): a “coupled” computer 
model (ocean and atmosphere interact) 

 (3)  Statistical models:  use observations of the past to 
make predictions of the future   

-    Consolidated Forecast Tool (“CON”): statistically combines 
different models to take advantage of independent information 
provided by each model 

 



El Nino Southern Oscillation ENSO Templates 

and Streamflow Prediction ( Şen et al., 2004). 

• Şen, Altunkaynak and Özger (2004) stated that the 
El Niño Southern Oscillation ENSO template 
concept is presented for seasonal streamflow 
prediction methodology by considering the 
Southern Oscillation Index SOI and Sea Surface 
Temperature SST variables.  

• The prediction model on model uses the 
Geostatistical Kriging techniqueis. Each ENSO 
template has nine categories including one with 
high SST and low SOI values that represents the El 
Niño event. Similarly, the category with low SST 
and high SOI values depicts the La Niña event. 



El Niño Southern Oscillation template 
categorizations 



Streamflow scatter diagram with (a) 
SST 1 and (b) SOI 



El Niño Southern Oscillation indicator 
template with observations 



• The application of the methodology is 
presented for the seasonal streamflow records 
in the southeastern part of the Australian 
continent along the Pacific Ocean. April–
September streamflow is predicted by using 
five different lead times including 3-month 
ENSO indicator averages. The seasonal 
streamflow predictions at different lag times 
are obtained given the values of SST and SOI. 

El Niño Southern Oscillation template 
with streamflow map 



El Niño Southern Oscillation template 
with streamflow map 



April–September Streamflow 
Prediction 

• Şen, Altunkaynak and Özger (2004) stated that 
the overall relative prediction error is rather small 
at about 13%. The bigger the lag the bigger is the 
prediction error. However, the relative error 
between averages of observation and prediction 
values is less than 5%.  

• Similar ENSO templates can be used for 
streamflow prediction in other parts of the world 
(Altunkaynak et al., 2004). 

 



April–September Streamflow 
Prediction 



Observed and predicted streamflows 



Observed versus predicted streamflow 



Atmospheric Models 
 World Climate Research Program’s Atmospheric Model Intercomparison Project (Gates, 1992) 

compared output from 30 different atmospheric numerical models for 1979 to 1988.  

  The Variability in the Tropics: 

  Synoptic to Intraseasonal Timescales subproject is especially important because it documents 

the ability of 15 atmospheric general circulation models to simulate the observed variability in 

the tropical atmosphere (Slingo et al. 1995). The models included several operated by 

government weather forecasting centers, including the model used for day-to-day forecasts by 

the European Center for Medium-Range Weather Forecasts. 

 

 The first results indicate that none of the models were able to duplicate all important 

interseasonal variability of the tropical atmosphere on timescales of 2 to 80 days. Models with 

weak intraseasonal activity tended to have a weak annual cycle. Most models seemed to 

simulate some important aspects of the interannual variability including El Nino. The length of 

the time series was, however, too short to provide conclusive results on interannual variability. 

 The results of the substudy imply that numerical models of the atmospheric general circulation 

need to be improved if they are to be used to study tropical variability and the response of the 

atmosphere to changes in the tropical ocean. 



Coupled Models 
  
 Coupled models are separate atmospheric and oceanic models that 

pass information through their common boundary at the sea 
surface, thus coupling the two calculations. The coupling can be one 
way, from the atmosphere, or two way, into and out of the ocean.  

 Anomalies of wind stress, heat, and fresh-water fluxes calculated 
from the atmospheric model are added to the mean annual values 
of the fluxes, and the sums are used to drive the ocean model. 

 Sea-surface temperature calculated from the ocean model is used 
to drive the atmospheric model from 15◦N to 15◦S. As computer 
power decreases in cost, models are becoming ever more complex. 
The trend is to global coupled models able to include other coupled 
ocean atmosphere systems in addition to ENSO.  



Oceanic Models 

 Oceanic models provide the initial conditions used for the forecasts, they 
must be able to assimilate up-to-date measurements of the Pacific along 
with heat fluxes and surface winds calculated from the atmospheric 
models. The measurements include sea-surface winds from scatter meters 
and moored buoys, surface temperature from the optimal-interpolation 
data set, subsurface temperatures from buoys and xbts, and sea level from 
altimetry and tide-gauges on islands. 

 Ji, Behringer, and Leetmaa (1998) at the National Centers for 
Environmental Prediction have modified the Geophysical Fluid Dynamics 
Laboratory’s Modular Ocean Model for use in the tropical. It’s domain is 
the Pacific between 45◦S and 55◦N and between 120◦E and 70◦W. The 
zonal resolution is 1.5◦. The meridional resolution is 1/3◦ within 10◦ of the 
equator, increasing smoothly to 1◦ pole14.5. 

  

  



 1. Equatorial processes are important because heat released by rain in the 

equatorial region helps drives much of the atmospheric circulation. 

 2. Solar energy absorbed by the Pacific is the most important driver of 

atmospheric circulation. Solar energy is lost from the ocean mainly by 

evaporation. The heat warms the atmosphere and drives the circulation 

when the latent heat of evaporation is released in rainy areas, primarily in 

the western tropical Pacific and the Intertropical Convergence Zone. 

 3. The interannual variability of currents and temperatures in the equatorial 

Pacific modulates the oceanic forcing of the atmosphere. This interannual 

variability is associated with El Niño/La Niña. 

 4. Changes in equatorial dynamics cause changes in atmospheric 

circulation by changing the location of rain in tropical Pacific and therefore 

the location of the major heat source driving the atmospheric circulation. 
  



 5. El Niño causes the biggest changes in equatorial dynamics. During El 

Niño, trade-winds weaken in the western Pacific, the thermocline becomes 

less deep in the west. This drives a Kelvin wave eastward along the 

equator, which deepens the thermocline in the eastern Pacific. The warm 

pool in the west moves eastward toward the central Pacific, and the intense 

tropical rain areas move with the warm pool. 

 6. El Nino is the largest source of year-to-year fluctuations in global 

weather patterns. 

 7. As a result of El Niño, drought occurs in the Indonesian area and 

northern Australia, and floods occur in western, tropical South America. 

Variations in the atmospheric circulation influence more distant areas 

through teleconnections. 

 8. Forecasts of El Niño are made using coupled ocean-atmospheric 

numerical models. Forecasts appear to have useful accuracy for 3–6 months 

in advance, mostly after the onset of El Niña. 
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