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No matter where you live, rain seems to fall more often at certain times of day, whether it is seen in 
the daily afternoon rainstorm or a typical overnight shower. Indeed, statistically, long-term average rainfall 
tends to cluster at certain times of the 24-hour cycle, but that time frame varies depending on location.  
Notably, rainfall in the tropics exhibits a large, 12 h Sun-synchronous variation with coherent phase around 
the globe. A long-standing, but unproved, hypothesis for this phenomenon is excitation by the prominent 
12 h atmospheric tide, which itself is significantly forced remotely by solar heating of the stratospheric 
ozone layer.  

We investigated the relative roles of large-scale tidal forcing and more local effects in accounting for 
the 12 h variation of tropical rainfall. A model of the atmosphere run with the daily cycle of solar heating 
artificially suppressed below the stratosphere still simulated a strong coherent 12 h rainfall variation (~50% 
of control run). This finding demonstrates that stratospherically forced atmospheric tide propagates 
downward to the troposphere and contributes to the organization of large-scale convection. 

As an example, Figure 1 shows the daily cycle of rainfall over the Maritime Continent (Indonesia and 
its surrounding oceans). Observed rainfall (blue curve) shows two peaks, separated by roughly 12 hours, 
indicating of a 12 h variation. Modeling results with and without the daily cycle solar heating of ozone 
layer (red and black curves, respectively) show that the double peak of rainfall is accounted for only if the 
12-hour atmospheric tidal wave, which is largely excited by the ozone heating, is included.  

We found that a daily disturbance 
from the upper atmosphere leaves its 
footprints on tropical rainfall. The 
present results could also lead to the 
understanding of the excitation of 
tropical atmospheric waves by moist 
convection, to the evaluation of climate 
models, and to the understanding of the 
recently discovered lunar tidal rainfall 
cycle. [1] 
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Figure 1. Fraction of the total rainfall, as a function of time 
of day, for a region including much of Indonesia and its 
surrounding oceans. Observations show strong peaks at 
early morning and mid-afternoon. Our modeling captures 
the observed modulation, only when upper atmospheric 
forcing that excites atmospheric tidal wave is included. 
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Identification of wood heritages has provided beneficial information on the origin, historical 
background, wood selection and also new perspectives. In specific, historical cultural exchanges would be 
one of the possible factors that influence the wood selection in Japan. Recently, microscopic wood 
identifications were performed on the decorative and structural elements of several Japanese traditional tea 
ceremony rooms “Chashitsu” in Kyoto, Japan [1]. Although Japanese tea ceremony rooms are well-known 
as representative expression of “Wabi-Sabi” the Japanese senses of beauty, scientific wood identification 
has not seen as important in the past. 

For wood identification, minimum amount of samples that are necessary for making preparation were 
collected carefully from deteriorated parts or cracks so as not to alter the appearance and strength. 
Hand-sectioned samples were observed under an optical microscope and the samples were identified on the 
basis of microscopic anatomical features. However, in many cases, it is not easy to collect enough size of 
samples from old valuable wooden artifacts. In many cases, only one tiny sample can be provided. In order 
to preserve such a precious tiny sample, synchrotron X-ray microtomography (SRX-ray μCT) that is 
non-destructive and non-invasive method has been widely applied. Our investigation recently revealed this 
method is effective for identification and observing anatomical structure [2] [3]. From Japanese traditional 
tea ceremony room, it was difficult to get enough size of samples; SRX-ray μCT was also applied to 
identify the wood species. 

As a result, the unique wood usage peculiar to tea ceremony rooms was revealed. For instance, 
combination usage of Pinus densiflora and Zoboku (wood with bark) or Cryptomeria japonica and Zoboku 
for Tokonoma was confirmed. Furthermore, some results concerning about the wood selection envisaged a 
very unique cultural interaction between the architectural styles of Korean peninsulas and Japan. Now, 
other investigation of tea ceremony rooms in regard to wood species has been started in Kansai area. In 
order to deeper the “Wabi-Sabi concept” in wood selection and reveal the linkage among Asian counties, 
wood identification would be more and more important. 
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