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Introduction
- Tropical rainfall in the global climate
- The global energy/water cycle and the maritime continent
- JEPP-HARIMAU and SATREPS-MCCOE projects
Review
- Diurnal cycle observed around the IMC coastlines
- Local rainfall as a function of coastal distance
- Regional rainfall as a function of “coastline density”
- Consistency with the global water budget
- Control of the global climate
Conclusions



https://www.researchgate.net/publication/331977496

International School on Equatorial Atmosphere (ISQUAR; 18–22 March 2019, LAPAN Bandung)

1. Introduction: Earth as a land-sea coexisting planet
2. Ocean-atmosphere interactions
3. Continent-ocean “collaboration” enhancing climatic cycles and water maintenance
4. Biosphere and humanosphere (anthroposphere) 



1. Introduction: Earth’s tropical atmosphere and ocean

 Recognition of the nature including our planet Earth was started at first as description of 
locality of ground and sky by geography and astronomy (geodesy), and then understood 
theoretically using generalized laws of physics. 

 Greek and Roman scientists pioneered the first category, and among them Eratosthenes
(c. 275 – c.194 BC), Hipparchus (c.190 – c.120 BC) and Ptolemaeus (c. AD 83 – c. 168) 
recognized surely the Tropic of Cancer and the Tropic of Capricorn as the northern and 
southern latitudinal limits over Earth where Sun can arrive in the zenith on each solstice, 
or those of Sun over the celestial sphere (cf. Chapter 4, Section 6.1). 

 The low-latitude region around the equator between the both Tropics became called 
“tropics” geographically until the great voyage ages. 

(Pearson Education, 2004: 
http://www.newton.ac.uk/about/art-artefacts/newton-portrait)

(Astronomy Dept., Univ. of Michigan: 
https://dept.astro.lsa.umich.edu/resources/ugactivities/Labs/seasons/SeasonsIntrotroppics.html)



 On one hand, because of delayed/limited establishment of observation network over 
developing countries and broader oceans, improvement of the geographical description aspect 
is still necessary. 

 On the other hand, as well as the above-mentioned dynamical features, interannual/ 
intraseasonal interactions with open oceans and water cycles with rainforest lands have been 
requesting establishment of the physical aspect of tropical meteorology as a rather new 
paradigm. This is the author’s major motivation to prepare this lecture. 

 Many textbooks of theoretical, physical or dynamical meteorology described almost only on 
the mid-latitudes; such as geostrophic winds, extratropical cyclones, fronts and their practical 
application tools called weather maps, but these concepts are almost useless in the tropics. 

 Chapters of tropical meteorology are used mainly for tropical cyclones, although they appear 
actually in subtropics and very rarely in the central tropics near the equator (cf. Section 6.3). 

 In the equatorial region or low latitudes with solar-energy input (excess) and almost horizontal 
Earth’s rotation, forced convective motions in vertical planes are more essential rather than 
unstable horizontally vortical motions dominant in the middle/latitudes (Chapter 4). 

 Borderless combination of the two aspects is also required by recent computer-network 
innovations, sustainability crisis (environmental damages with continuous development) and 
extraterrestrial/extrasolar knowledge expansions. 

 Now geographical observers study numerical physical model output, and atmospheric 
physicists study advanced geographical observations and geography of other planets. 



Both ∝ (distance)－2, but planetary response is different

 Gravitation

 Radiation

（star）

Two major forcings of star on planet

Balanced with planetary IR cooling
・Time scale ≫ rotation 
⇒Meridional differential heating

・Time scale ～ rotation
⇒Zonal diffrential heating

Atmospheric tides

Balanced with 
revolutional centrifugal force

Revolutional orbit (Kepler’s laws)
⇒ Stellar distance 
⇒ Stellar radiation, 

annual length
Oceanic tides, planetary tides
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Sir Isaac Newton 
(1642 – 1726/27)

(http://www.newton.ac.uk/about/art-
artefacts/newton-portrait)

(Gredenberg, 1995)

Principles of Natural Philosophy
(1687, 1713, 1726) 

Opticks: Or, a Treatise of the Reflexions, 
Refractions, Inflexions and Colours of 
Light (1704) 

Geometrical optics
Light wave 
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(Integration (area) → Energy flux intensity)
Stefan-Boltzmann’s law
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( =5.67 10−8 J s − 1 m − 2 K − 4)

(Differentiation (peak) → Maximum mode wavelength)
Wien’s law
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(→ Exercise 1-2)

“Energy(-density) flux” (energy per unit 
time and unit area)  for electromagnetic waves  
radiated (with unit solid angle and unit wavelength 

interval) from a “black body” with temperature T:
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(𝜆: wavelength, 𝑐: light speed, 𝑘: Boltzmann 
constant, ℎ: Planck constant). 

(Andrews, 2000,  Chapter 3)

http://www.gahetna.nl/collectie/afbeeldingen/fotocollectie/zoeken/weergave/detail/start/2/tstart/0/q/zoekterm/Planck

Max Planck (1858-1947) 
Black Body Radiation Law (1900)



Electromagnetic waves
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Climate = heating/cooling balance

• Solar radiation (with visible light): 

energy input (heating) to Earth

• Earth’s radiation (with infrared wave): 

energy output (cooling) of Earth 
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“0-dimensional” radiative “equilibria” for Solar-system planets



Parasol effect
(Cooling)

Greenhouse 
effect

(Warming)

(a)(Trenberth et al., 2009)

(b)



Tropical climate in global geography

(Köppen, 1918)

Wladimir Peter Köppen 
(1846 – 1940)

 Köppen’s (1918) climate classification  
- temperature: sensible (radiative) heating 
- rainfall: latent heating . 

 Rainfall: a flux quantity (per area per time) 
- Horizontal scale: rain gage, radar, … 
- Temporal: hourly, daily, monthly, annual
- Individually short-lived small clouds
- Organized into multiple scale structures 

 Tropical climate (A): rainforest (Af), savanna (Aw) 
- vegetation: seasonal−annual and 102–103 km 



Köppen’s Af : min. monthly rain ≥ 60 mm (annual  >> 720 mm/year) 

low-lat. S.America, Africa, “East Indies” 

excluded inland of Sumatera, Kalimantan and Papua     

(Köppen, 1918)



(Loeb, 1935; reprinted 1972, 1989)
http://aoe.scitec.kobe-u.ac.jp/~mdy/library/books/Loeb-Sumatra



• Zonal inhomogeneity due to earth’s rotation 
and land-sea distribution

• Ramage’s paper

3-dimensional climate

Schroeder    Ramage Hamilton    Stevens   Barnes
(Past Chiars of Dept. of Meteorology, U. Hawaii; Jan 2007) 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.395.2308&rep=rep1&type=pdf
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(c) (d)

Milutin
Milanković 

(1879 –1958)

Insolation variability 



（NASA,  1992)Climate change for recent 1 Myears
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Ocean/Continent ~ 7:3 has been conserved for recent 400 Myears

http://www.scotese.com



(Wegener, 1911:  Thermodynamik der Atmosphäre; 
松野, 1982より孫引き）

 1905: Doctorate in astronomy. Work for aeronomy.  . 
 1910: Conceiving of an idea of “continent drift”  
 1915: Publication of a book on the idea. Marriage.    
 1919-23: Paleoclimatology with father-in-law Kӧppen
 1924: Professor at University of Glaz
 1930 (aged 50): Died during Greenland expedition. 

(http://www.bildindex.de/bilder/fm426294a.jpg)

Alfred Lothar Wegener (1880 –1930)



Wallace Smith Broecker 
(1931 – Feb 19, 2019)

(2010) https://press.princeton.edu/titles/9162.html (1988) https://press.princeton.edu/titles/9162.html (2012) https://press.princeton.edu/titles/9691.html

“Grandfather of climate science”
Popularized “Global warming” (1975)
Concept of “Ocean conveyor” (1982) 



Volcano ashes transported by stratospheric zonal flow

(Toba 75,000 year ago; … ; Tambora 1815; Krakatau 1883; …. ; Agung 1963-64; ……)

Krakatau 
(Krakatoa) 

1883

Tambora
1815

Agung 
1963-64




