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Various mechanisms underlie the tropical cyclones (TC)-induced rainfall changes caused by

climate change. ) On the basis of the Clausius-Clapeyron (CC) relation, it is known that the atmosphere can

hold more water vapor in warmer climates, which increases rainfall intensity. The rainfall rate associated

with TCs is projected to increase under climate warming. Although modelling studies suggest that climate
warming will reduce the total number of TCs in the Western North Pacific (WNP) basin in the future, the

ratio of intense TCs to the total number of TCs may increase. F urthermore, projected changes in TC tracks,
such as the poleward shift of the TC track density, will affect human exposure to TC rainfall. '

In the WNP region, observational studies have shown an increase in TC-related rainfall intensity
and intense TC rainfall frequency in the central coast of Vietnam, southeast China, around Taiwan and South
Korea in recent decades. An increasing trend of the average TC rainfall rate over the WNP has also been
observed. In contrast, the accumulated total rainfall along the TC track in the region has decreased during
19882007 and a decreasing trend of total TC rainfall amount was reported as well in the coasfal region of
Vietnam. _ ' | |

However, v) despite the observational.evidence of the changes in TC-related rainfall, it has not yet

been determined whether anthropogenic forcing has contributed to the observed changes in TC heavy rainfall.

TC activity and TC-related rainfall are substantially affected by various climate modes such as El

Nifio/Southern Oscillation, Pacific Decadal Oscillation and Interdecadal Pacific Oscillation, which hinder
the detection of anthropogenic impacts from natural variability. Limitations in the lengths of observational

records also make it difficult to identify long-term anthropogenic impacts.

~ Used with permission of Springer Nature BV, from ”Observed influence of anthropogenic climate change on
. tropical cyclone heavy rainfall” by Nobuyuki Utsumi & Hyungjun Kim, Copyright © 2022, Nobuyuki Utsumi &

Hyungjun Kim, under exclusive licence to Springer Nature Limited ; permission conveyed through Copyrlght
Clearance Center, Inc. —

(f‘%) anthropogenic: AZ&IRD tropical cyclone (TC): EHH{EKSUE
Clausius—Clapeyron (CC) relation: PSUYIYR—IRAT VD 5[5
El Nifio/Southern Oscillation: T\ =—=3 -+ F/7HRE
Pacific Decadal Oscillation: A¥#+FHRE)
Interdecadal Pacific Oscillation: A THFETFHREN
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In the latter part of the 1990’s, David Julius ét the University of California, San Francisco, USA,
saw the possibility for major advances by analyzing how the chémical compound capsaicin causes
the burning sensation we feel when we come into contact with chili peppers. Capsaicin was already
known to activate nerve cells causing pain sensations, but how this chemical actually exerted this
function was an unsolved riddle. Julius and his co-workers created a library 6f millions of DNA
fragments corresponding to genes that are expressed in the sensory neurons which can react to pain,
heat, and touch. Julius and colleagues hypothesized that the library would include a DNA fragment
encoding the protein capable of reacting to capsaicin. They expressed individual genes from this
collection in cultured cells that normally do.not react to capsaicin. Afterva laborious search, a single

gene was identified that was able to make cells capsaicin sensitive. The gene for capsaicin sensing

had been found! Further experiments revealed that the identified gene encoded a novel ion channel
protein and this newly discovered capsaicin receptor was later named TRPV1. When Julius
investigated the protein’s ability to respond to heat, he realized that he had discovered a heat-

sénsing receptor that is activated at temperatures perceived as painful.

The discovery of TRPV1 was a maij or breakthrough 1eadii1g the wayv to the unravélling of additional
temperature-sensing receptors. Independently of one another, both David Julius and Ardem
Patapoutian used the chemical substance menthol to identify TRPMS, a receptor that was shown to
be activated by cold. Additional ion chanriels related to TRPV1 and TRPMS were identified and

found to be activated by a range of different temperatures. ) Many laboratories pursued research

programs to investigate the roles of these channels in thermal sensation by using genetically

manipulated mice that lacked these newly discovered genes. David Julius® discovery of TRPV1
was the breakthiough that allowed us to understand how differences in temperature can induce

electrical signals in the nervous system.

:While the mechanisms for ‘temperature ‘sensation were unfolding, it remained unclear how
mechanical stimuli could be converted into our senses of touch and pressure. Researchers had
previously found mechanical sensors in bacteria, ‘but the mechanisms underlying touch in
vertebrates remained unknown. Ardem Pat‘apoutian2 working at Scripps Research in La Jolla,

California, USA, wished to identify the elusive receptors that are activated by mechanical st_imuli. ‘



Patapoutian and his collaborators first identified a cell line that gave offa rheasurable electric signal
“when individual cells were poked with a micropipette. It was assumed that the receptor activated
by mechanical force is an ion channel and in a next step 72 candidate genes encoding possible -
receptors were identified. Thése genes were inactivated one by one to discover the gene responsible
for mechanosensitivity in the studied cells. After an arduous search, Patapoutian and his co-workers _
succeeded in identifying a single gene whose silencing rendered the cells insensitive to poking with -

the micropipette. (A new and entirely unknown mechanosensitive ion channel had been discovered

and was given the name Piezol, after the Greek word for pressure (i; piesi). Through its similarity

to Piezo1, a second gene was discovered and named Piezo2. Sensory neurons were found to express
high levels of Piezo2 and further studies firmly established that Piezol and Piezo2 are ion channels

that are directly activated by the exertion of pressure on cell membranes.

The breakthrough by Patapoutian led to a series of papers from his and ofher groups, dembnstrating
that the Piezo2 ion channel is essential for the sense of touch. Moreover, Piezo2 was shown to play
a key rolé in the critically important sensing of body position and motion, known as proprioception.
In fuﬁher work, Piezol and Piezo2 channels have been shown to regulate additional important
physiological processes including blood pressure, respiration and urinary bladder control. .
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