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Studies on Heat-related Health Risks and Evaluation Methods in Japan:
The Effects of Global Warming and COVID-19 Pandemic
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Researchers agree that there is substantial evidence of an increasing trend in both the frequency and duration
of extreme temperature events. Several fatal heatwaves have already occurred in the 21st century, causing a
large number of deaths in different regions. Increasing extreme temperature events will place more pressure
on public health and emergency medical resources in the future, and societies will need to find effective and
reliable solutions to adapt to hotter summers. In Japan, there is a great climatic difference between the north
and the south. Therefore, high-accuracy heat-related health prediction models that can be applied to most
regions are required to assist government institutions and individuals in taking proper countermeasures in
advance. To properly formulate adaptation and mitigation strategies, the future trends of heat-related health
impacts in Japan under different future scenarios need to be analyzed.

(Finding 1) This study developed an effective method to predict the number of daily heat-related ambulance
calls. Both national- and regional-level models were developed to evaluate the performance of machine-
learning—based methods for heat-related ambulance call prediction. The national model showed a high
prediction accuracy and can be applied to most regions, while the regional model showed extremely high
prediction accuracy in each corresponding region and reliable accuracy in special cases (such as the case of
Okinawa). I found that the introduction of heatwave features, including accumulated heat stress, heat
acclimatization, and optimal temperature, significantly improved prediction accuracy. The adjusted
coefficient of determination (adjusted R?) of the national model improved from 0.9061 to 0.9659 by
including these features. My results suggest that disaster management agencies can use this highly accurate
model to forecast potential high emergency medical resource burden caused by extreme heat events,
allowing them to raise and improve public awareness and prepare countermeasures in advance. The method
proposed for Japan in this research can be applied to other countries that have relevant data and weather
information systems (Chapter 3).

(Finding 2) This study used bias-corrected global climate models (GCMs) to forecast the total number of
summer heat-related ambulance calls under three different Shared Socioeconomic Pathways (SSPs) (SSP-
1.26, SSP-2.45, and SSP-5.85) nationally and regionally. In my analysis I have considered the changes in
future climate conditions, population and migration in Japan. My analysis demonstrated that at the end of
the 21st century, the total number of heat-related ambulance calls in Japan will reach approximately 200,000
per year (nearly three times the current number) under SSP-5.85. Only in SSP-1.26, national heat-related
ambulance calls will be well controlled and remain at the current level throughout the century. I also analyzed
the difference in heat-related ambulance calls between different regions. Compared to other regions, Kanto
(Tokyo metropolitan area) and Kinki (Osaka metropolitan area) are expected to see a larger increase in heat-
related ambulance calls because the Japanese population tends to be concentrated in those large metropolitan
areas. My results show that strong mitigation strategies are required to avoid the worst scenario SSP-5.85.
Although the increase in heat-related ambulance calls under the SSP-2.45 scenario is not as high as under
SSP-5.85, the rapid population decline in this scenario will lead to a series of social issues that increase heat-
related health risks. The Japanese government needs to find a sustainable development pathway to protect
their citizens from the potential heat impacts (Chapter 4).

The COVID-19 pandemic, coupled with more frequent and stronger heatwaves, has introduced a novel
confluence of challenges. For example, it has become very difficult for emergency medical transport staff to
differentiate between COVID-19 and heat stroke at the scene because they share similar symptoms. Changes
in lifestyles caused by COVID-19 and the warming climate have also resulted in a new problem. Actions




that have been applied to prevent COVID-19 led to a higher risk of heat-related health problems. For
example, to prevent the spread of COVID-19, individuals were encouraged to stay indoors and ventilate
rooms frequently. However, room ventilation in summertime may increase the indoor temperature and
therefore increase the risk of a heatstroke. High numbers of heatstroke patients and COVID-19 patients in
summertime during the COVID-19 pandemic tend to put an extremely high burden on the emergency
ambulance call system. To have a better understanding of the COVID-19 pandemic and to design
countermeasures for a future similar pandemic, it is necessary to investigate the effects of the COVID-19
pandemic on heat-related risks and the challenges faced by local fire departments (that operate the emergency
medical transport service).

(Finding 3) This study evaluated the impact of the COVID-19 pandemic on heat-related ambulance calls in
2020-2022 and identified the challenges faced by local fire departments in the Kansai region of Japan by
using historical data analysis and an online questionnaire survey. This study utilized the heat-related
ambulance calls prediction model developed in Chapter 3 based on the historical data (2008 ~ 2019) and
projected the expected number of heat-related ambulance calls from 2020 to 2022. Then, a comparison was
done between the expected number and the actual number of daily heat-related ambulance calls to examine
the changes of heat-related ambulance calls in the six prefectures of the Kansai region. I found a statistically
significant decrease, ranging from 77.1% to 96.8%, of heat-related ambulance calls during the COVID-19
pandemic in all Kansai prefectures. The decline in heat-related ambulance calls can be attributed by changes
in people’s daily lifestyles such as the increase of remote work and decrease of outdoor activities. However,
it may also be influenced by the heavy strain on the emergency medical resources. Another finding of this
research is about the significant pressures on local fire departments and emergency medical transport systems
during the COVID-19 pandemic. The predominant challenge for local fire departments was finding available
medical facilities for their patients. Improving the efficiency of emergency medical transport system and
enhancing the coordination between the emergency medical services and the healthcare facilities may offer
a more resilient response in future crises. However, additional financial support is required from the Japanese
government to introduce new technologies in the emergency medical transport systems (Chapter 5).

In this dissertation, I developed a heat-related ambulance call prediction model that can be applied to most
regions with high accuracy. As applications of this model, I analyzed the potential heat-related risks Japan
may face under future scenarios, as well as the impact of the COVID-19 pandemic on Japan's heat-related
ambulance calls. I also suggested some policies and strategies that could help the Japanese government and
local institutions to better evaluate future heat-related risks and formulate relevant countermeasures.

However, there are also some limitations of this research. Firstly, the heat-related ambulance call data from
the Japanese fire departments used in this study represents only the patients’ initial diagnosis information.
This data does not reflect subsequent developments in the patients' conditions. Additionally, due to the lack
of sufficient data, this study did not consider big events that might significantly increase the heat-related
risks, including but not limited to sports events, marathons, natural disasters, etc. The future development of
technology and the occurrence of big events are not included in my future scenario analysis. Furthermore,
due to many known and unknown factors affecting the usage of the emergency medical transport system,
this study lacks sufficient data to analyze the specific impact of each relevant factor on heat-related risks.
The effects of heat stress on labor productivity are also omitted from my analysis because of the lack of data.




(At 2)

GRUEBEDFREROES)

ARG T, FIBEFEITHAROBBEEMEY 27 200 L, & OFMETFIEOMENLIZE 1k
LTW5, BERMIC, BARDIZE A EDOHIBIZIEH T & 2 IEME O & O BB ER Rk
T RET VAR L, = o0i@Ett SR RE  (SSP; Shared Socioeconomic Pathway
s) IZESE, BARICET 214K £ CORBER AR OHET 21T T D, F
o, a7 oA VA D HAROBEREEE Y X 7 ~O B2 E 'l EMNMTE
DS 2 AW THHT LT D,

AWML OHE — OFHIMEL, I OHIRIZIEH T& 5 IEMEEE O &\ O BT R il = 5k
THIET VOB TH D (FH3F) , HHOHIRKITIGHTE 2 EHRE LT, ZERLXUE
WREEND Z EEERMTE 5, LTI, FREOHIKIZEIT 5 EMEEDENET
JLSRRIEEL D M T 31T D IEREE DIRWET /LILH D AN, P E ITE RO Hls 2 )5 T &
5L IEHEEDENET LAY TR TE T,

AT TIL, FPBREIT =S @tt Ry (SSP; Shared Socioeconomic Pathways)
IZES X, BIETHRE LIZET VA BARIZEIT 221k R £ C O ZBhE LM 444K
OHEFHIIE A LR, ED VT U A (SSP 5.85) CH 7V A4 (SSP 2.45) O
B BAROEBEREFRY 2 7 13D TE b 2 2B MM L, £72, FEEILH
AEEFZT TlE7e <. BAROEEO MK T 221 kK £ TOEB R a =5 D
HERHZRE LTz, £ D X 9 RFER R & 2817 T2 SeA T 281372

AERSLDOH = OFHMEL, i a v oA LR L 5B EWE A~ DA D
ST TH D, FllaaF 7 A N ZADEPYIERDIEE © 722020007 — & & H W T2 5 T
FelLd DAY, 20204F~2022FE DT — X H WA/ L OATH S (F5E) ,
BEITFH v F U A NV ZAOREIC I BEWEIZI T 2 2B R iaE 4 i LT
HZEEHOMC UL, o T A LA ORYEE R ORI CE G B O WG BN E
L7 A 57201, FOBREIXREEICK T 2B ZX3ICT »r— Milld&x
TV, AEORE R, EBE 2 & T HARBUFICK L TA % OBBEE U R 7 5 K126 4L
THIODOBORIES 21T- 72 2 EIIARTR L O EEH LT R TH 5,

B, KL OFEIFEL LOFEIEONEIL, TR ENEIHER & L TEH
TEEFW Y v —F VB AT D, HSEONRIL, Eailt & BRI ¥ —F
JAZEREEATH D08, BHEES (202441 H31H) Tl Th 5,

A LI 2R E LTRSSl TE 28, W On0ELE-> TV 5D, iz, K&
W OT — X IXBEOYMBMOT — X DOHThH D, BEDEOHROZWT —HIZ
KOG ThhTWiewn, £70, 5% OBBEME Y X 7 1T E% R —H o
K (B2, BiffosmodRE, TRIAKRETH 2 RERHERFERE) OO0ITRH
WKIEEERTWARY, E5IC, T—ZREDEDIC, FflaaF I L 2A0OREZLY
BB HLRE 2R S B LT B ERHT A TE TR,

LML, ERL7EEITIASZROMARETHY . K XoEE2 K& <HEZ2 S O T
20, Ko T RESUEE L (REHIN) OGRS E L UHEH 2 b0 LR S, £
7oy 20241 H25 HIZHR SN & 2B L2 FIHICHO W TR L7/ R, e R
O,

HENEARER : £ H AV




	12_【教員用】博士論文報告書「課・Ke Deng・要旨.pdf」
	博 士 論 文 報 告
	副 査  寶馨             ㊞

	R6.3_③_柯登
	04_1_学位審査報告_柯　登
	空白ページ


