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Outline of the lecture 

 
1. Climate System ( 90 min. + Ŭ ) 

    1.1 Introduction 

    1.2 Radiative Balance 

    1.3 Horizontal Radiative Imbalance and Circulations 

    1.4 Seasonal Change 

    1.5 Role of Orography on Climate 

2. Climate Variability  (120 min. + Ŭ ) 

    2.1 Introduction 

     2.2 Intraseasonal Variability: Quasi-stationary Rossby  wave, MJO and 

equatorial waves 

     2.3 Interannual Variability: ENSO, El Nino Modoki, IOD 

     2.4 Decadal Variability: PDO, ENSO-Monsoon relation 

3. JMAôs latest one-month prediction  
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1. Climate System 
 

мΦ /ƭƛƳŀǘŜ {ȅǎǘŜƳ ό фл ƳƛƴΦ Ҍ ʰ ) 

    1.1 Introduction 

    1.2 Radiative Balance 

    1.3 Horizontal Radiative Imbalance and Circulations 

    1.4 Seasonal Change 

    1.5 Role of Orography on Climate 

2. Climate Variability  (120 min. Ҍ ʰ ) 

    2.1 Introduction 

     2.2 Intraseasonal Variability: Quasi-stationary Rossby  wave, MJO and 
equatorial waves 

     2.3 Interannual Variability: ENSO, El Nino Modoki, IOD 

     2.4 Decadal Variability: PDO, ENSO-Monsoon relation   3 



1.1 Introduction 
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Climate and Climate System 

  ñWeather is what is happening to the atmosphere at any given 

time.  

  Climate in a narrow sense is the "average weather," the 

statistical description over a period of time.ò 

Climate is formed in the interactions in climate system, 

consisting of atmosphere including composition and 

circulation, the ocean, hydrosphere, land surface, biosphere, 

snow and ice, solar and volcanic activities in its spatial and 

temporal variability. 
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Causes of Climate Variability 

Natural origin 

 external: land-sea distribution, orography 

  solar constant, orbital variations 

     volcano 

 internal variability of the climate system 

  (e.g., air-sea interaction,,,) 
 

Anthropogenic origin 

 emission of greenhouse gases, destruction of 

ozone layer, land surface modification,,, (= climate 

change) 
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Climate System 

Schematic view of the components of the climate system, their processes and interactions.  

http://ipcc-wg1.ucar.edu/wg1/FAQ/wg1_faq-1.2.html 
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1.2 Radiative Balance 
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ÂSolar Radiation  
ÂSolar constant : 

Âinsolation : 

Âplanetary albedo : 

Âabsorption :   

ÂTerrestrial Radiation 
Âequilibrium radiative 

temperature :  

Âemission :  

ÂRadiation Balance 
ÂBalance between absorbed 

solar radiation and terresitrial 
emission 
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Absorption of Radiation from 6000K and 255K Blackbodies  

Pictures are from NASA and JMA web-sites 

Solar  

radiation 

Terrestrial  

radiation 
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The simplest greenhouse model 
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From Marshall J., and R. A. Plumb, 2008: Atmosphere, Ocean, and Climate Dynamics, Academic Press, 319pp. 



Difference between  

Equilibrium radiative temperature and Ground Surface Temperature 

ÂEarth 
ÂSolar constant :  

Âplanetary albedo : 

ÂEquilibrium radiative temperature 

( )
CK

S
T P

e ¯-ºº
-

= 19254
4

1
4

*

s

a

31.0ºPa

2 1370 -º WmS

ÂVenus 
ÂSolar constant :   2600 W/m2  

Âplanetary albedo :   0.77 

ÂEquilibrium radiative temperature :   - 46 C 

ÂMars 
ÂSolar constant :  590 W/m2 

Âplanetary albedo :  0.15 

ÂEquilibrium radiative temperature :  -56 C 

457 C 
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1,000hPa 

-55 C 
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Pictures are from NASA web-sites 

Surface Temperature  

Surface Temperature  

Surface Temperature  

Surface Pressure  

Surface Pressure  

Surface Pressure  
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Ground Surface Heating  

Greenhouse Effect 

Atmospheric 

Cooling 

Unstable 

Radiative heating tends to create vertical instability  

between heated ground and cooled atmosphere on average 

Fig. 2 Schematic diagram of the global mean energy balance of the Earth. Numbers indicate best estimates for the magnitudes 
of the globally averaged energy balance components together with their uncertainty ranges, representing present day climate 
conditions at the beginning of the twenty first century. Units Wm- 2. Source: Wild et al.(2013.) 
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Typical condition at 35N in April 

One-Dimensional 

Vertical Profile Model 
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Observed Temperature  1-D model Simulations for each latitudes 

One-Dimensional 

Vertical Profile Model 
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1.3 Horizontal Radiative Imbalance 

and Circulations 
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Imbalanced horizontal distribution of radiative heating  

Driving Forces of Climate
~ Relaxation time to radiative 

equilibrium temperature 

(radiative equilibrium 

timescale) is estimated as 

about 30 days. 

~ Radiative imbalance between 

Pole and Tropics drives 

global circulations. 

~ Radiative imbalance between 

day and night has small 

influence on global 

circulations directly.   

 

 
(2) Longitudinal Imbalance between Day and Night        Timescale=1day      

(1) Latitudinal Imbalance between Pole and Tropics       Timescale=1year   

Picture is from  IPCC 1995 
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