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Abstract
In this chapter, we look at the effects of climate variability on a range of tropical diseases 
and on general mortality. We find a strong impact of temperature on vector-borne and  
water-borne disease, where the incidence of infection is significantly decreased at tem-
peratures below 15°C, but increased on the bin above 30°C for vector-borne disease. The 
impact is weaker on airborne diseases than the two other types. The effect of weather 
changes on the incidence of major diseases differs by climate region. Provinces located in 
the South and Southern Central Coast appear to have a higher level of sensitivity to infec-
tions at 15°C–18°C temperatures than other provinces. Regarding mortality, we find robust 
evidence on the positive effects of cold and heat waves on mortality. An additional day in a 
cold wave is estimated to increase the monthly mortality rate by 0.6%. The corresponding 
figure for a day in a heat wave is 0.7%. The effect of cold waves as well as heat waves 
tends to increase when the cold and heat waves last for a longer time. Compared with a 
cold wave, the effect of a heat wave on the mortality rate is more significant and of a larger  
magnitude. All climate change scenarios also imply an increase in the number of heat 
waves with a clear impact on mortality.

KEYWORDS  
# Climate change # Infectious disease # Mortality # Health policy # Viet Nam

 

Tóm tắt 
Chương này xem xét tác động của biến đổi khí hậu đối với một loạt các bệnh nhiệt đới và tỷ 
lệ tử vong nói chung. Kết quả cho thấy tác động mạnh của nhiệt độ đối với bệnh lây truyền 
qua véc tơ và nguồn nước, trong đó tỷ lệ nhiễm bệnh giảm đáng kể ở nhiệt độ dưới 15°C, 
nhưng tăng lên trên ngưỡng 30°C đối với bệnh do véc tơ truyền. Tác động được tìm thấy yếu 
hơn đối với các bệnh lây truyền qua đường không khí so với hai loại nêu trên.

Ảnh hưởng của biến đổi khí hậu đến tỷ lệ mắc các bệnh nhiệt đới chính là khác nhau tùy 
theo vùng khí hậu của Việt Nam. Các tỉnh phía Nam và duyên hải Nam Trung Bộ có mức độ 
dễ bị nhiễm bệnh ở nhiệt độ từ 15°C–18°C cao hơn các tỉnh còn lại. Về tỷ lệ tử vong, chúng 
tôi tìm thấy bằng chứng rõ ràng về tác động gia tăng của các đợt nóng và lạnh đối với tỷ lệ 
tử vong. Thêm một ngày trong đợt lạnh được ước tính sẽ làm tăng tỷ lệ tử vong hàng tháng 
thêm 0,6%. Con số tương ứng cho một ngày trong đợt nắng nóng là 0,7%. Ảnh hưởng của 
các đợt nóng, lạnh có xu hướng gia tăng khi các đợt rét đậm, rét hại càng kéo dài. So với một 
đợt lạnh, ảnh hưởng của một đợt nắng nóng lên tỷ lệ tử vong là đáng kể hơn và có cường độ 
lớn hơn. Tất cả các kịch bản biến đổi khí hậu cũng hàm ý sự gia tăng số lượng các đợt nắng 
nóng với tác động rõ ràng đến tỷ lệ tử vong.

TỪ KHÓA  
# Biến đổi khí hậu # Bệnh truyền nhiễm # Tỷ lệ tử vong # Chính sách y tế # Việt Nam

 

Résumé
Dans ce chapitre, nous examinons les effets de la variabilité climatique sur une série  
de maladies tropicales et sur la mortalité générale. Nous constatons un fort impact de 
la température sur les maladies vectorielles et hydriques, où l’incidence de l’infection est 
significativement réduite à des températures inférieures à 15°C, mais augmentée au- 
dessus de 30°C, particulièrement pour les maladies vectorielles. L’impact est en revanche 
plus faible sur les maladies transmises par l’air que sur les deux autres types. L’effet des 
changements climatiques sur l’incidence des principales maladies tropicales diffère selon 
la région climatique du Viet Nam. Les provinces situées dans le sud et la côte centrale 
sud semblent avoir un niveau de sensibilité aux infections plus élevé à des températures 
de 15°C–18°C que les autres provinces. En ce qui concerne la mortalité, nous trouvons 
des preuves solides d’effets positifs des vagues de froid et de chaleur sur la mortalité. On 
estime qu’un jour supplémentaire dans une vague de froid augmente le taux de mortalité 
mensuel de 0,6%. Le chiffre correspondant pour un jour de vague de chaleur est de 0,7%. 
L’effet des vagues de froid et de chaleur tend à s’accentuer lorsque les vagues de froid et 
de chaleur durent plus longtemps. Par rapport à une vague de froid, l’effet d’une vague de 
chaleur sur le taux de mortalité est plus significatif et d’une plus grande ampleur. Tous les 
scénarios de changement climatique impliquent par ailleurs une augmentation du nombre 
de vagues de chaleur avec un net impact sur la mortalité.

MOTS CLÉS  
# Changement climatique # Maladies infectieuses # Mortalité # Politique de santé  
# Viet Nam.



1. Introduction
A direct effect of weather extremes is the 
deterioration of health of individuals. High  
temperature is found to be associated with 
cardiovascular, respiratory, cerebrovascular 
and blood cholesterol problems [ Huynen et al., 
2001; Barreca et al., 2016 ]. Climate variability 
can also affect the survival rate, and transmis-
sion of viruses and bacteria. There is extensive 
evidence on the positive association between 
temperature and infectious diseases [ e.g., 
Jahani and Ahmadnezhad, 2011; Levy et al., 
2016; Wu et al., 2016 ].Extreme weather can 
increase mortality and malnutrition in children 
[ e.g. Deschenes and Moretti, 2009; Anderson 
et al., 2011; Deschenes and Greenstone, 2011; 
Simeonova, 2011; Barreca et al., 2016 ]. In-utero 
exposure to extreme weather returns low birth 
weights [ e.g., Deschênes et al., 2009 ].

Although there is no doubt about the harmful 
effect of extreme weather and climate events, 
there is no consistency in the magnitude of the 
effect on health and disease infection [ e.g., 
see review from Nichols et al., 2009; Jahani 
and Ahmadnezhad, 2011; Phalkey et al., 2015; 
Levy et al., 2016 ]. The impact of climate events 
differs between nations, regions, communities 
and individuals, due to differences in their ex-
posure and resilience to climate events [ Phalk-
ey et al., 2015 ]. Existing studies display a wide 
diversity of empirical results; more empirical 
findings are required, to better understand the 
effects of climate on health status.

With a slim S-shape hugging more than 
3,200 km of coastline in the monsoon belt of 
Southeast Asia, Viet Nam is considered to be 
one of tropical countries at highest risk from 
the impacts of climate change and weather- 
related loss events (hurricanes, floods, drought, 
etc.) [ Eckstein et al., 2019; Yusuf and Francis-

co, 2009 ]. With all meteorological projections 
pointing to the severe scenario, the number of 
people at risk of climate-sensitive diseases will 
increase dramatically in the absence of public 
interventions [ Rockl¨ov et al., 2014 ]. 

Previous studies have found a potential link 
between climate change and infectious di-
seases, but have mostly revealed the corre-
lation with single diseases in a local context. 
Here, we provide a comprehensive study at 
the national level of Viet Nam, in the face of 
the acceleration in global warming.

This chapter has two objectives. Firstly, it 
estimates the short-term effects of weather 
variation (temperature, rainfall, wind speed, 
heatwave) and long-term effects of climate on 
the incidence of multiple infectious diseases 
(i.e., water-borne, airborne, and vector-borne) 
in Viet Nam, taking the role of public health 
expenditures for adaptation into account. In 
addition, the indirect economic costs of in-
fectious disease is estimated through labour 
productivity loss due to diseases. Secondly it 
examines the effect of cold and heat waves 
on mortality in Vietnam. The findings of this 
study are essential for health policy asso-
ciated with climate change and adaptation 
strategies.  A conceptual framework  is pre-
sented in Figure 3.1.

This chapter is structured into four sections. 
The second section presents the effect of 
weather variations on the incidence of mul- 
tiple infectious diseases in Viet Nam. The third 
section presents the effect of weather extre-
mes on mortality. Finally, the fourth section 
summarizes the main findings and discusses 
several policy implications. 

[ Figure 3.1 ]
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The figure presents the relationship between climate change, infectious disease and humans. Climate 
change is the variation of climate variables such as temperature, precipitation, wind. While pathogens are 
disease agents such as virus, bacterium, hosts are living organisms such as animals or plants where  the 
pathogens dwell in. The change in climate will influence the life cycle and distribution of pathogens, hosts 
and their transmission environment. This impact of climate change will lead to the outbreak of many types 
of human infectious disease such as vector-borne, water-borne and air-borne disease. Climate change and 
infectious disease have an impact on socio-economics (e.g. labor productivity) and health (e.g. an increased 
rate of mortality and other health disease). In the long term, humans will respond to climate change and 
infectious disease by applying several adaptation measures.
Source: adapted from Wu et al., 2016)
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2. Climate change and 
infectious diseases 
2.1 Climate change and  
infectious diseases in Viet Nam

Since 1980, the growing literature on climate 
change and infectious diseases has focused 
on water-, vector-, and mosquito-borne di-
seases [ Sweileh, 2020 ]. 

Vector-borne disease

A vector-borne disease is transmitted from a 
host with an infectious pathogen to a suscep-
tible human by an organism (mainly an arthro-
pod). Major vector-borne diseases are malaria, 
dengue, rabies, and several neglected tropical 
diseases1. The complexity of climate impacts 
on ecosystem services and the adaptation dy-
namics of pathogens, animals, and humans 
can change the transmission dynamic, the 
seasonal and geographical spread of vectors, 
and the virulence of the infectious pathogen. 
Temperature can impact several life-history 
traits of a vector, including egg viability, larval 
development, and adult lifespan [ Couret and 
Benedict, 2014; Brady et al., 2013 ]. In the tem-
poral range of larval survival, higher tempe-
ratures can boost the development of larvae 
[ Christofferson, 2016; Brady et al., 2013 ]. In 
Viet Nam, with its variety of geographic and 
climatic conditions, outbreaks of vector-borne 
disease will differ for each region and time 
scale. Several well-researched and compre-
hensive studies have attempted to correlate 
climatic factors linked to climate change with 
cases of dengue and malaria, two common 
vector-borne infectious diseases in Viet Nam 
(see, for example, Kien et al. 2010 in 6  pro-

1. https://www.who.int/news-room/fact-sheets/detail/ 
vector-borne-diseases	

vinces, Toai et al. 2016 in Khanh Hoa and Can 
Tho). These studies confirm evidence sugges-
ting that the monthly number of dengue fever 
cases strongly correlates with major climatic 
factors and vector index (i.e.,vector density, 
Breteau index). 

Water-borne disease 

Water-borne disease (WBD) is prevalent across 
the Viet Namese territory. With the dynamic of 
economic and environmental factors (i.e., li-
ving standards, clean water supply, behaviour 
changes, nutrition), the role of climate change 
and climate variability can be captured with 
a relevant experimental design. Like many 
other tropical countries, Viet Nam often re-
cords the peak of WBD cases during the rai-
ny season or after extreme weather events 
(i.e., floods, storms, droughts), mainly due to 
the shortage of clean drinking water [ Check-
ley et al., 2000; Phung et al., 2015 ]. Diarrheal 
diseases and dysentery vary by season, with 
the number of cases increasing in the hot- 
rainy season and vice versa. In particular, in 
a study for Thua Thien Hue and Danang, the  
authors found that rainfall and extreme weather 
events significantly affected the incidence of 
WBD [ Kien et al., 2010 ]. The authors also sug-
gest the role of adaption measures such as an 
efficient management policy for water quality 
deterioration, an early warning system for epi-
demic risk, and moderating influences in the 
reduction of cholera cases.

Airborne diseases 

In the context of global climate change, the 
effect of climatic factors on airborne disease 
has been examined by numerous studies. 
Researchers and authorities have focussed 
on airborne disease, especially when an out-
break has occurred, such as Hand-mouth-

2.2 Impact of climate change 
and infectious disease

Using monthly data of infectious disease inci-
dence for 28 common diseases, public health 
expenditure, and weather in 63  provinces in 
Viet Nam (see Box 3.1), we aim to explore the 
influence of weather on disease infections, 
and the heterogeneous marginal effect of 
weather on infections across provinces based 
on provincial long-term climate and public 
health expenditure. We use a two-stage panel 
approach. In the first stage, we estimate the 
response function of disease-infected cases 
to the changes in weather. In the second 
stage, the local effect of weather variation is 
crossed with long-term climate and public 
health expenditure to capture the heteroge-
neous marginal effect of response function: 
the sensitivity of infection to temperature va-
ries according to the provincial long-term cli-
mate and health budget (see Box 3.2).

Effects of weather on infectious  
diseases

Table 3.1 presents influences of daily tempe-
rature on infections by all types of diseases.  
Columns (1) to (3) incorporate a different 
range of fixed effects, from the province, mon-
th, and different category in column (1), to 
category-province in column (2), and catego-
ry-province and category-month in column (3). 

The results in column (2) show that disease 
infections significantly increase by a number 
of days with temperature under the bin of 
15°C–18°C and 24°C–30°C compared to the 
reference bin. Specifically, one additional day 
with temperature under the bin 15°C–18°C, 
24°C–27°C, and bin 27°C–30°C increases 
infectious disease incidence by approxima-
tely 1.021, 1.016 1.014 cases, respectively. 

foot (HMFD), avian influenza, and zoonotic 
diseases 2. Pathogens of airborne infectious  
diseases (i.e., influenza, coronavirus, measles) 
tend to be sensitive to humidity conditions. 
For example, warm and wet conditions de-
crease the risk of COVID-19 spreading via 
aerosols [ Mecenas et al., 2020 ]. In contrast, 
absolute humidity in the wintertime boosts 
influenza transmission efficiency and survival 
more significantly than relative humidity [ Xu 
et al., 2014; Shaman and Kohn, 2009 ], but low 
relative humidity is also favourable for virus 
transmission [ Lowen et al., 2007 ]. Literature 
also suggests increased morbidity and morta-
lity from communicable respiratory diseases 
as a result of heatwaves [ Kan, 2011 ], inter- 
regional dust storms, and wind [ Hamnett et 
al., 1999; Chen et al., 2010 ].

HFMD is currently a significant public health 
issue not only in Viet Nam, but also in other 
Asia-pacific countries. Phung et al. (2017) use 
a Generalized Linear Model with Poisson fa-
mily to assert that HFMD increased by 7% and 
3.1% for a 1°C increase in monthly tempera-
ture above 26°C, and a 1% increase in monthly 
humidity above 76%. While HFMD decreases 
by 3.1% in connection with a 1mm increase 
in monthly cumulative rainfalls at the national 
scale, the results varied at a regional scale. 
Using temporal and space-time analysis by 
Nguyen, HX (2020), this dissertation finds 
that a 1°C increase in temperature was asso-
ciated with a 1.7% increase of HFMD, and a 
1% increase in humidity was associated with 
a 0.3% increase in HFMD.

2. 36% zoonotic pathogens are transmitted through airborne 
transmission.
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Table 3.1 
Weather effects on for 28 common diseases 

 Variables	 Infectious disease incidence
	 (1)	 (2)	 (3)

 Temperature			 

 ≤15°C	 0.002	 −0.004	 −0.004
	 (0.004)	 (0.003)	 (0.003)

 15°C - 18°C	 0.012***	 0.009***	 0.009***

	 (0.004)	 (0.003)	 (0.003)

 18°C - 21°C	 −0.008**	 −0.011***	 −0.011***

	 (0.004)	 (0.003)	 (0.003)

 21°C - 24°C	 -	 -	 -

 24°C - 27°C	 0.006***	 0.007***	 0.007***

	 (0.002)	 (0.002)	 (0.002)

 27°C - 30°C	 −0.001	 0.005***	 0.005***

	 (0.002)	 (0.002)	 (0.002)

 ≥30°C	 0.001	 0.005	 0.005
	 (0.004)	 (0.003)	 (0.003)

 Windspeed	 0.128***	 0.137***	 0.137***

	 (0.016)	 (0.013)	 (0.013)

 Rainfall	 −0.004	 −0.001	 −0.001
	 (0.002)	 (0.002)	 (0.002)

 Constant	 6.422***	 5.408***	 5.408***

	 (0.103)	 (0.126)	 (0.122)

 Fixed Effects			 

 Province	 x	 X	 x

 Month	 x		

 Category	 x		  x

 Category x Province		  X	 x

 Category x Month		  X	 x

Observations	 22,680	 22,680	 22,680

R2	 0.223	 0.855	 0.488

Adjusted R2	 0.220	 0.850	 0.483

F Statistic	 78.242*** 	 94.746*** 	 97.868*** 
	 (df = 83; 22596)	 (df = 198; 22481)	 (df = 219; 22460)

Note: *p<0.1; **p<0.05; ***p<0.01.

hand-foot-mouth disease in Viet Nam by 3.1%. 
One of the mechanisms could be rooted in the 
impact that temperature has on the life traits 
of pathogens [ Couret and Benedict, 2014; 
Brady et al., 2013, Christofferson, 2016 ]. 

Moreover, the results indicate that wind-speed 
significantly and positively impacts the num-
ber of disease infections, which is in line with 
Hamnett et al. 1999; Chen et al. 2010 on ana-
lysing the relationship between interregional 
dust storms and wind, and communicable 
respiratory diseases.

Heterogeneous marginal effect  
of weather sensitivity of disease  
infections

In this section, we estimate the relationship 
between provincial long-term climate, the 

On the other hand, we find a negative relation 
between disease infections and the number 
of days with the temperature under the bin 
18°C–21°C. Nonetheless, there is no evidence 
for the impact of extreme temperature (below 
15°C and above 30°C) on disease infections, 
which can be explained by the fact that the op-
timal life span of pathogens is typically found 
around 15°C–30°C [ Rohr and Cohen, 2020 ]. 
However, this window will change as a result 
of climate change [ Caminade et al., 2014 ]. 
For example, areas which were previously be-
low the temperature threshold for infectious 
disease transmission, such as the Highlands, 
may cross the threshold as a result of climate 
change. Evidence for the impact of tempera-
ture on disease infections can be found in the 
literature. For example, Phung et al. (2017) 
point out that a 1°C increase in monthly tem-
perature above 26°C increases infections by 

 
 [ Box 3.1 ]

Data sets
Data on the monthly mortality rate of provinces during the 2000–2018 period are provided by General Statistics 
Office of Viet Nam (GSO). The mortality rate is computed from Population Change and Family Planning Surveys, 
which have been conducted annually by GSO since 2000. The sample size of these surveys is representative  
at the provincial level. Health care expenditure data is taken from Medical Statistical Yearbook from 2009 to  
2018, published by the Ministry of Health. It is a yearly health budget at the provincial level of 63 provinces.  
The health budget accounts for treatment and preventative expenditures and healthprograms. Data on  
infectious disease is taken from the Infectious Diseases Statistical Yearbook from 2009 to 2018, published by 
the Department of Preventive Health, Ministry of Health. It is the number of monthly infections and deaths by 
each infectious disease at the provincial level of 63 provinces. We select 12 common diseases and separate 
them into three main categories, including vector-borne type (malaria, rabies, encephalitis, dengue), airborne 
type (mumps, chickenpox, influenza, measles), and water-borne type (dysentery, diarrhea, hepatitis, cholera). 
The number of infections of each category is then calculated as the sum of infections by four selected  
common diseases in this category. 
Weather and climate data are obtained from over 172 weather stations across Viet Nam with the average 
temperature, rainfall, and wind speed from 2001 to 2018. According to WHO (1990, 2019), temperatures lower 
than 15°C with humidity above 65% were associated with respiratory hazards. A range from about 21–30°C 
was associated with minimal-risk high temperature. Based on these studies and the distribution of temperature 
in the data set, we then classified temperature into bins of 3°C, and the 21–24°C is selected as the reference 
of the comfortable indoor temperature. Average temperature is divided into 7 bins (below 15°C, 15°C–18°C, 
18°C–21°C, 21°C–24°C, 24°C–27°C, 27°C–30°C, above 30°C). 
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by colder weather but less affected by higher 
temperature. And vice versus, in cold pro-
vinces, infectious diseases are less influenced 
by colder temperature, but more sensitive to 
hotter temperature. This finding reflects a sign 
of adaptability in the climate of hotter pro-
vinces to a hot range, and in colder provinces 
to a cold range of temperature. Similar evi-
dence of adaptation has been found in other 
settings, for example, health [ Carleton et al., 
2020 ], and agriculture [ Bulter and Huybers, 
2013 ]. Figure 3.2 shows the marginal effect 
of provincial climate on the sensitivity of in-
fections to temperature. Provinces located in 
the south and southern central coast appear 

health budget and the sensitivity of infections 
to temperature. The provincial long-term cli-
mate and the health budget are the moving 
average of annual average temperature and 
annual total health budget in a given province 
from 2009 to 2018. 

The results indicate that a province with long-
term climate at a high temperature is less  
sensitive for all types of infection to one addi-
tional day under the temperature 24°C–30°C 
(α1 = −0.002), but more affected by one addi-
tional day under the temperature 15°C–18°C 
(α1 = 0.007). It indicates that in hotter pro-
vinces, infectious diseases are more impacted 

Table 3.2 
Marginal effect of provincial climate and health budget in sensitivity of disease infections 
to temperature 

 Variables	 Infections by disease
	 All types	 Waterborne diseases	 Airbornes diseases	 Vector-borne diseases
	 MeanT	 MeanBudget	 MeanT	 MeanBudget	 MeanT	 MeanBudget	 MeanT	 MeanBudget

 ≤ 15°C	 −0.002	 −0.006	 −0.002	 0.005	 −0.002	 0.004	 0.002	 −0.005
	 (0.002)	 (0.007)	 (0.003)	 (0.006)	 (0.003)	 (0.006)	 (0.003)	 (0.006)

 15°–18°C	 0.007***	 −0.001	 0.007***	 −0.011*	 0.004	 −0.007	 0.004	 −0.005
	 (0.002)	 (0.007)	 (0.003)	 (0.006)	 (0.003)	 (0.006)	 (0.003)	 (0.006)

 18°C–21°C	 0.001	  −0.012*	 0.001	 −0.002	 −0.001	 0.001	 0.004	 −0.009*

	 (0.002)	 (0.007)	 (0.003)	 (0.005)	 (0.001)	 (0.003)	 (0.003)	 (0.005)

 21°C–24°C	 -	 -	 -	 -	 -	 -	 -	 -

 24°C–27°C	 −0.002*	 −0.007	 −0.002	 0.004	 −0.002*	 0.004*	 0.002*	 −0.004
	 (0.001)	 (0.004)	 (0.001)	 (0.002)	 (0.001)	 (0.003)	 (0.001)	 (0.003)

 27°C–30°C	 −0.002*	 −0.005	 −0.001	 0.003	 −0.003**	 0.006**	 0.002	 −0.003
	 (0.001)	 (0.004)	 (0.003)	 (0.005)	 (0.001)	 (0.002)	 (0.001)	 (0.002)

 ≥ 30°C	 −0.001	 −0.003	 0.001	 −0.002	 −0.004	 0.006	 0.003	 −0.005
	 (0.002)	 (0.005)	 (0.003)	 (0.005)	 (0.003)	 (0.005)	 (0.003)	 (0.005)

Observations	 22,680	 22,680
R2	 0.489	 0.490
Adjusted R2	 0.484	 0.485
F Statistic	 92.979***	 86.710***

	 (df = 231; 22448)	 (df = 249; 22430)

Note: *p<0.1; **p<0.05; ***p<0.01.
Estimation with fixed effects including category x province and category x month.

groups. For waterborne disease, provinces 
with hotter climates have higher sensitivity 
to infections at the colder range of tempera-
ture (15°–18°), but the health budget lessens 
the impact of this temperature range on in-
fectious incidence. In the vector-borne type, a 
province with higher long-term temperatures 
has a higher level of sensitivity to infections at  
temperatures at the bin 24°C–27°C. The results 
are in line with previous theoretical models 
suggesting the development of the pathogen 
or vector was inhibited at temperatures be-
low 21°C, but from 24°C, the incidence rate of  
vector-borne disease increases significantly 
with the rise in temperature [ Brady et al., 2014 ]. 
For airborne diseases, their sensitivity to one 

to have a higher level of sensitivity to infec-
tions at 15°C–18°C, but a lower level of being 
affected at 27°C–30°C, whereas the Northern 
and Tay Nguyen provinces are less sensitive 
to infections at 15°C–18°C, but more sensitive 
at 27°C–30°C. With respect to marginal effect 
by health budget, the results suggest that the 
health budget lessens the sensitivity of infec-
tions to all bins of temperature (although only 
sensitivity to the bin 18°C–21°C is found to be 
significant), reflecting the significant effect of 
public budget on disease control.

The study finds different marginal effects of 
the long-term climate and health budget on 
the incidence of infection across three disease 

[ Figure 3.2 ]
Marginal effect of provincial climate on sensitivity of infections to temperature

(a) Sensitivity to 15°C -18°C. (b) Sensitivity to 27°C -30°C.

The figures represent log of the ratio of number of infections in the year of 2050 to number of infections 
in the year 2015. The number of infections in the year of 2050 is projected under the SSP2 scenario and 
RCP 4.5.  The scenario with the adaption controls for the effect of annual provincial health budget and  
long-run climate on the sensitivity of disease infections to temperature. Health budget is assumed to  
follow growth rate as GDP under the SSP2 scenario. 
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rence, authorities spend a higher budget on 
control activities then the effects might delay 
in the successive periods. Moreover, public 
health care expenditure typically rises in line 
with public investment (i.e., infrastructure, 
traffics), contributing to water and air pollu-
tion in developing countries [ Chen et al., 2010; 
Chung and Sobsey, 1993). Infectious diseases 
have a higher risk of spreading during econo-
mic expansion [ Adda, 2016 ] with the idea of 

additional day at temperature is lessened in a 
province with higher long-term temperature. 
However, the health budget is intensified by 
the increase in the provincial health budget. 
Although the positive relationship between 
budget and airborne diseases is unexpected, 
it should be re-examined with the lag time, be-
cause the actions of public agencies usually 
lag behind the outbreak of disease. For exa-
mple, by observing the rise of disease occur-

Table 3.3 
Impact of infections by diseases on labor productivity

 Variables	 Dependent variable
	 ln (Hourly Earning)

 Age 36-50	 1.558**

	 (0.753)

 Age 51-60	 0.265
	 (0.745)

 Male	 1.854***

	 (0.654)

 Having vocational degree	 0.168
	 (0.689)

 Elementary and secondary education	 −0.048
	 (0.389)

 College education	 0.912**

	 (0.433)

 University graduate or above	 −0.427
	 (0.535)

 Insurance	 1.537***

	 (0.118)

 Infection	 −0.049*

	 (0.029)

 Constant	 1.308**

	 (0.562)

 Observation	 567
 R2	 0.302
 Adjusted R2	 0.291
 F Statistic	 26.753***

	 (df = 9; 557)
Note: *p<0.1; **p<0.05; ***p<0.01.

impacts between adapted and non-adapted 
infection responses by climate projections. 
Data on the future evolution of the climate is 
obtained from Chapter 1. To comprehensively 
simulate spatial heterogeneity in climate im-
pact, we have used a high-resolution (0.1°)  
set of global, bias-corrected climate projec-
tions produced by the Bias Correction and 
Spatial Downscaling (BCSD) approach (see 
Chapter 1 for the description of the technique). 
We use projected emissions from two Repre-
sentative Concentration Pathways (RCP  4.5 
and RCP 8.5) to simulate emissions under 
those two emission scenarios up to 2100  
[ Figure 3.3 ]. The gridded data are aggregated 
to impact regions at district and province le-
vels. For the health budget, we assume that 
the annual growth rate of the provincial health 
budget is similar to GDP growth rate following 
the SSP2 (Shared Socioeconomic Pathways).

Table 3.4 lists the results of future impacts on 
infection corresponding to RCP 4.5 and RCP 
8.5, with and without adaption in some repre-
sentative provinces. The second column is the 
average number of annual provincial infection 
cases. The last 8 columns are the rate of the 
number of infections in the year of projection 
over the number of infections in the year of 
2015 that are induced by temperature. The  
effects of climate change are considerably de-
creasing in all scenarios across the country. 
The average provincial incidence of infection 
increases by 29% between 2015 and 2050 un-
der RCP4.5 without adaption, but is reduced by 
91% with adaption. The increase/decrease of 
incidence of infection varies across provinces. 
For example, in Hanoi City, the incidence of 
infection declines by 69% between 2015 and 
2050 with adaptation, but increases by 26% 
without adaptation in the RCP 4.5 scenario.

mortality and business cycle by Ruhm (2000). 
Therefore, the no environmental-friendly out-
lay could increase the risk of communicable 
diseases to the local community. 

2.3 Disease and productivity

We have tested the effect of disease infec-
tions on labour productivity. Labour data is 
taken from Labor Force Survey from the pe-
riod 2010–2018. A dependent variable that 
represents labor productivity is the average 
hourly wage of labour in a given province in 
a specific year. Explanatory variables for la-
bour characteristics are included in the mo-
del, including education, gender, and age. 
The results suggest a negative influence of 
infections on labor productivity. Specifically, 
a 1% increase in disease infections leads to 
a decrease in the average hourly wage of ap-
proximately 0.05%.

A lower wage premium for sicker workers indi-
cated that the social rate of return to a relevant 
public health policy for infectious disease pre-
vention is high. Integrating health insurance 
and educational attainment may play an im-
portant role when these non-disease factors 
significantly boost worker productivity. The hi-
gher average hourly wage for better-educated 
workers may indeed be not only a high private 
return to education but also a potential link to 
immeasurable health literacy.

2.4 Projection of future climate 
change impacts and adaptation 

To capture the implications of adaptation to 
short-term weather shocks and long-term 
climate changes, we have used a two-stage 
model to illustrate the differences in future 
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Table 3.4 
Future impacts of climate change on diseases with and without adaptations in some provinces

 Province	 Annual	 Changes in number of infections*

	 Infections	 2050	 2100
	 (cases)	 RCP4.5	 RCP8.5	 RCP4.5	 RCP8.5
		  without	 with	 without	 with	 without	 with	 without	 with
	 adaption	 adaption	 adaption	 adaption

 Mean of 
 63 provinces	 368395.3	 1.29	 0.09	 1.29	 0.09	 1.29	 0.02	 1.36	 0.04

 Bac Ninh	 283959	 1.24	 0.21	 1.03	 0.16	 1.07	 0.04	 0.77	 0.02

 Binh Dinh	 188191	 1.53	 0.05	 1.47	 0.05	 1.42	 0.01	 1.28	 0.02

 Da Nang	 202563	 1.62	 0.04	 1.86	 0.04	 1.86	 0.01	 1.69	 0.01

 Dak Lak	 529613	 2.92	 0.04	 2.70	 0.06	 2.55	 0.02	 2.25	 0.03

 Dak Nong	 74612	 3.55	 0.06	 3.19	 0.08	 3.04	 0.02	 3.02	 0.03

 Dien Bien	 367329	 0.89	 0.07	 1.35	 0.10	 1.38	 0.02	 1.43	 0.03

 Dong Nai	 279986	 0.78	 0.04	 0.77	 0.05	 0.77	 0.01	 0.76	 0.05

 Gia Lai	 262012	 1.82	 0.04	 1.76	 0.05	 1.71	 0.01	 1.49	 0.02

 Ha Giang	 439621	 0.90	 0.06	 1.10	 0.10	 1.20	 0.02	 1.34	 0.03

 Ha Nam	 251054	 1.01	 0.09	 1.10	 0.11	 0.83	 0.01	 0.89	 0.01

 Ha Noi	 1217263	 1.26	 0.31	 1.22	 0.26	 0.85	 0.02	 0.85	 0.01

 Ha Tinh	 432982	 1.41	 0.03	 1.62	 0.05	 1.71	 0.01	 2.12	 0.01

 Ho Chi Minh	 697497	 0.88	 0.15	 0.87	 0.17	 0.87	 0.06	 0.86	 0.27

 Lao Cai	 456009	 1.15	 0.07	 1.40	 0.10	 1.45	 0.02	 1.67	 0.04

 Quang Binh	 241620	 1.03	 0.06	 1.20	 0.08	 1.51	 0.03	 1.83	 0.02

 Quang Nam	 662230	 1.51	 0.11	 1.73	 0.10	 1.96	 0.02	 1.82	 0.02

 Quang Ninh	 148798	 1.16	 0.17	 1.09	 0.14	 0.78	 0.01	 0.95	 0.02

 Thua Thien Hue	 338460	 1.78	 0.05	 1.79	 0.06	 2.15	 0.01	 2.24	 0.01

Note: Number of infection is measured by Cases in the year of projection/Cases in the year 2015. Health budget 
is assumed to follow growth rate as GDP under the SSP2 scenario.

[ Figure 3.3 ]
Infections change between 2015 and 2050 under the RCP4.5 and SSP2

(a) With adaption.

The figures represent log of the ratio of number of infections in the year of 2050 to number of infections  
in the year 2015. The number of infections in the year of 2050 is projected under the SSP2 scenario and  
RCP 4.5. The scenario with the adaption controls for the effect of annual provincial health budget and  
long-run climate on the sensitivity of disease infections to temperature. Health budget is assumed  
to follow growth rate as GDP under the SSP2 scenario. 

(b) Without adaption.

3. Impacts of cold  
and heat waves  
on mortality 
3.1 Mortality and weather  
extremes 

Mortality in Viet Nam

Along with economic growth, Viet Nam has 
experienced an improvement in health. Life 
expectancy increased from 73 to 75 during the 
2000–2018 period [ World Bank, 2020 ]. Howe-
ver, the crude mortality rate did not decline 
during this period3. Estimates from the Popula-
tion and Planning Surveys show that the all-age 

mortality rate was around 5 deaths per 1000 
people [ Figure 3.4 ]. A key reason why the mor-
tality rate has not declined over the past two 
decades is the reduction in the fertility rate. The 
government has recommended family plan-
ning with a limit of two children per family since 
1988. The dramatic decline in childbirth rates 
is the most important reason for population 
aging in Viet Nam4. When the mortality rate is 
computed for different age groups, we can see 

3. The crude mortality rate is the number of deaths per 
1,000  mid-year total population of the given geographical 
area during the same year.
4. Viet Nam is among the most rapidly ageing countries in 
the world. According to GSO (2019), the aging index, which 
is equal to the ratio of the number of people from 60 to the 
number of children below 15 (measured in percent), has in-
creased over time. The aging index increased by 13.3 percen-
tage points from 35.5% in 2009 to 35.3% in 2019.
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[ Figure 3.4 ]
The crude mortality rate (per 1000 people) by age groups

This figure reports the crude mortality rate for different age groups during the 2000-2018 period. Panel A 
presents the mortality rate for all the population and population groups below 40 years old, while Panel B 
presents the mortality rate for population aged from 40. Panels A and B have different scales of the y-axis. 

Panel A. People aged 0-39

Panel B. People aged 40+

about 15–30°C. Low and high temperature 
can cause health problems and result in risk 
of death. Temperatures lower than 16°C (61°F) 
with humidity above 65% were associated with 
respiratory hazards. The temperature-humidity 
index can be used to explore the effect of tem-
perature and humidity on health [ e.g., McGre-
gor and Vanos, 2018 ]. In this study, we have 
tried to estimate the number of days within the 
temperature bins, but did not find significant 
effects for the number of days with low or high 
temperatures on mortality. Possibly, people in 
cold or hot areas have adapted to their local 
temperature. However, temperature shocks 
can cause health problems for people. 

The effect of weather extremes, which are 
assessed by cold and heat waves occurring 
within a month, is the emphasis of this chap-
ter. A heat wave is a term used to describe a 
period of very high temperatures. There are 
two issues in defining a heat wave: selection 
of a temperature threshold, and definition of 
the number of consecutive days of prolonged 
heat. Most studies use a threshold of a given 
percentile, such as the 90th, 95th or 98th percen-
tile of the temperature distribution in a specific 
location [ e.g., see review Perkins and Alexan-
der, 2013; and Perkins, 2015 ]. The second is-
sue in defining a heat wave is the duration of 
consecutive days equal to or above the tem-
perature thresholds. Exposure to hot weather 
for a number of consecutive days has a more 
detrimental effect on health than exposure to 
few hot days that are spaced apart. A heat 
wave is often defined as at least 3 or 5 conse-
cutive days with daily temperature above a 
given threshold [ e.g., see review Perkins and 
Alexander, 2013; and Perkins, 2015 ]. Unlike 
the number of days in temperature bins, cold 
and heat waves can have harmful effects on 
health, since they are more extreme and last 
for several consecutive days. 

the decline in the mortality rate, especially for 
children under 5 and people aged 60 and older 
[ Figure 3.4 ]. 

Like other countries, chronic diseases are the 
main cause of mortality in Viet Nam [ WHO, 
2014 ]. The leading cause of mortality in Viet 
Nam is stroke, which killed 112.6 thousand 
people, 21.7% of all deaths in Viet Nam [ WHO, 
2015 ]. The second cause of mortality is is-
chemic heart disease, accounting for 7% of 
deaths in Viet Nam. Other causes of morta-
lity include Chronic Pulmonary Obstructive 
Disorder (accounting for 4.9% of deaths), 
lower respiratory infections caused by bacte-
ria, viruses, or fungi (accounting for 4.8% of 
all deaths), accidents, cancers and other di-
seases [ WHO, 2015 ]. 

There are 63 provinces in Viet Nam, and these 
provinces are grouped into 6 geographic re-
gions: Red River Delta, Northern Midlands and 
Mountains, and Central Coast in the North and 
Central Highlands, Southeast and Mekong  
River Delta in the South. Figure 3.5 presents 
the geographic maps of the mortality rate and 
temperature (averaged over the 2000–2018 
period). The poverty rate as well as the average 
temperature is fairly similar between provinces 
within a region. The correlation between mor-
tality and temperature is not clear from these 
maps. However, it shows that the mortality 
rate is higher in the North, which has a lower 
average temperature, than in the South. 

There are different ways to examine the rela-
tionship between temperature and mortality. 
A population-focused way is to estimate the 
temperature bins on mortality [ e.g., Deschênes 
and Moretti, 2009; Deschenes and Greenstone, 
2011; Burgess et al., 2017; Carleton et al., 
2020 ]. The WHO (2018) suggests that the 
range of minimal-risk high temperatures is 
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waves) as at least 5, 7, and 9 consecutive days 
with daily mean temperatures at or above the 
95 percentile (and at or below the 5 percentile) 
of the province-specific temperature distribu-
tion for robustness analysis.

The average number of days per year in cold 
and heat waves is shown in Panel A of Figure 
3.6, which is calculated using the 5th and 95th 
percentiles of the province-specific tempera-

During the 2000–2018 period, we defined a 
heat wave as three or more consecutive days 
with daily mean temperatures at or above 
the 95th percentile of the year-round province 
-specific temperature distribution. Similarly, we 
define a cold wave as when the dail mean tem-
perature is equal to or below the 5th percentile 
of the year-round province-specific tempera-
ture distribution for at least three consecutive 
days. We also define heat waves (and cold 

[ Figure 3.5 ]
Mortality rate and temperature

Panel A presents the crude death rate of province, measured as the number of resident deaths per 1000 
population in a year. The map shows the mortality averaged over the 2000-2018 period. Panel B presents  
the average of the daily mean temperature of the province over the same period. 

Panel A. Mortality rate (per 1,000 people) Panel B. Average daily temperature  
(degree Celsius)

pendent variables on cold and heat waves and 
control variables. The control include average 
yearly temperature, total annual precipitation, 
province-by-month fixed-effects, year-month 
fixed-effects, and province-specific time trend. 
The effects of cold and heat waves on mor-
tality are measured by the coefficients of cold 
and heat waves in the regressions. The effects 
are summarized in Figure 3.7. In this figure, we 
graph the point estimate and the 95% confi-
dence interval of the effects of cold and heat 
waves on the monthly mortality rate (Panel A 
and B of the figure) and the log of the monthly 
mortality rate (Panel C and D of the figure). The 
log of the death rate and the estimated effects 
of cold and heat waves are remarkably com-
parable. The results of the effects on the log 
of the mortality rate are used to interpret the 
results.

Overall, we find that both cold and heat waves 
increase the chance of death, and that the ef-
fect of both cold and heat waves increases as 
the cold and heat waves stay longer. The pre-
dicted coefficients of ocurrence of at least one 
cold or heat wave within a month are plotted 
in Panel C of Figure 3.7. A cold wave lasting 
at least 5 days raises the monthly mortality 
rate by roughly 4.9 percent (significant at the 
10% level), whereas a cold wave lasting at 
least 9 days increases the mortality rate by 
6.5 percent (significant at the 5 percent level). 
When compared to a cold wave, a heat wave 
has a higher and more significant impact on 
the death rate. If there is a heat wave that 
lasts for at least 9 days in a month, the death 
rate rises by 13.5 percent. This shows how a 
protracted severe heat wave can have a signi-
ficant impact. However, a heat wave lasting 
at least 9 days is uncommon. The average 
percentage of months with at least 9 consecu-
tive hot days occurred only 2.1 percent of the 
time between 2000 and 2018.	

ture distribution. The figures are calculated as 
an average across province-by-year. The first 
bar in Panel A, for example, shows that the 
province-by-year average number of conse-
cutive days in cold waves (defined as at least 
3 cold days) is 14. In cold waves defined as 
at least 9 consecutive cold days, the average 
number of consecutive days is only 5.2. It 
should be noted that this average is below 9, 
as several provinces have not experienced a 
cold wave in several years. In heat waves, the 
average number of consecutive days is lower. 
For example, in heat waves defined as at least 
3 and 9 consecutive hot days, the average 
number of consecutive days is 10.4 and 2.4, 
respectively.

During the 2000–2018 period, panel B of  
Figure 3.6 shows the average percentage of 
months with at least one cold or heat wave. 
The percentage is calculated by adding to-
gether the percentages from all provinces. It 
shows that between 2000 and 2018, 16.7% of 
months had at least one cold wave (which is 
defined as at least 3 consecutive cold days). 
The average percentage of months with at 
least three consecutive hot days experienced 
by heat waves is 13.6 percent. The percentage 
of months with at least one cold or heat wave 
is lower when cold or heat waves are defined 
for a longer period of time (at least 5, 7, or 
9 days).

3.2 Impact of weather extremes 
on mortality 

In this section, we explore the effect of cold 
and heat waves on the monthly mortality rate 
using a regression model. The regression mo-
del is presented in Box 3.2. We use both the 
mortality rate as well as log of the mortality rate 
as dependent variables. We regress these de-
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[ Figure 3.6 ]
Cold and heat waves

Panel A. The average number of consecutive days in cold and heat waves

Panel B. The percentage of months with cold and heat waves

Panel A of this figure presents the average number of days per year in cold and heat waves, which  
are defined based on the 5th and 95th percentiles of the province-specific temperature distribution  
and different durations of consecutive days. Panel B of the figure presents the average percentage  
of months in which at least a cold or heat wave (defined based on different durations of consecutive 
days) occurs during the 2000–2018 period.
Source: Nguyen et al. (2021).

Firstly, cold and heat waves only have short-
term effects on mortality. To examine the 
medium-term effect of cold and heat waves, 
we include one-month and two-month lagged 
variables of cold and heat waves to examine 
the sensitivity of the effect estimates, as well 
as the medium-term effect of cold and heat 
waves. Most lagged variables of cold and heat 
waves are positive but not statistically signifi-
cant at conventional levels. This suggests that 
cold and heat waves do not have medium- or 
long-term effects on mortality. Second, we 
conduct regressions of per capita income of 
provinces with cold and heat waves over the 
course of a year to see if cold and heat waves 
have indirect effects on health by reducing 
income. We find little evidence that cold and 
heat waves have a major impact on income. 
As a result, income is not a factor in the in-
creased mortality caused by cold and heat 
waves.

3.3 Projection 

In this section, we use projection of daily data 
for Viet Nam using different Representative 
Concentration Pathway (RCP) scenarios to 
predict cold and heat waves in the 2020–2100 
period. In the IPCC’s fifth Assessment Report 
in 2014, four paths were employed for climate 
modelling and research. Different climate fu-
tures described in the pathways are all consi-
dered feasible, depending on the amount of 
greenhouse gases emitted in the coming 
years. The RCPs are named after a possible 
range of radiative forcing values in the year 
2100 (2.6, 4.5, 6, and 8.5 W/m2, respectively) 
[ IPCC, 2019 ]. 

For the sake of simplicity, we assume that 
people’s health and economic conditions, as 
well as their ability to adjust to climate change, 

Panel D depicts the estimated coefficients of 
the number of days in cold and heat waves 
on log of mortality rates. All the estimates are 
positive and statistically significant at the 5%  
level. An additional day in a cold wave of at 
least 3 consecutive days (relative to a day wit-
hin the 5th–95th percentile temperature range) 
leads to an increase in the mortality rate of 
0.6  percent. The corresponding figure for a 
day in a heat wave is 0.7 percent. For a cold 
or heat wave defined as at least 9 consecutive 
days, an additional day in the cold and heat 
wave increases the mortality rate by 0.6 and 
1.2 percent, respectively. 

Children and the elderly are more susceptible 
to harsh weather than others [ e.g., see Basu, 
2009; Arbuthnott and Hajat, 2017; Geruso and 
Spears, 2018 ]. Table 3.5 shows the coefficients 
of the number of days spent in cold and heat 
waves in death rate regressions for various 
age groups. There are 32 regressions in total, 
and the table only shows the estimated coef- 
ficients for each regression’s number of days 
in cold and heat waves. The findings imply that 
only the elderly, particularly those over the age 
of 80, are harmed by weather extremes. For 
people under the age of 40, almost all cold and 
heat wave coefficients are statistically insigni-
ficant. All of the predicted coefficients of cold 
and heat waves are positive for adults over 40, 
indicating that they have a negative impact on 
their health. The death rate of adults over the 
age of 80 is significantly higher than that of 
younger people. In Table 3.5, we look at how 
the effects of cold and heat waves on morta-
lity differ for men and women. Overall, there is 
no discernible difference in the influence on 
death rates between men and women. 

We believe that cold and heat waves cause 
death primarily through a direct and detri-
mental influence on health for two reasons. 
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[ Figure 3.7 ]
Estimated effects (and 95% confidence interval) of cold and heat waves on the all-age
mortality rate

Source: Nguyen et al. (2021).

Panel A. Estimated effects of cold and  
heat waves on the mortality rate 

Panel B. Estimated effects of the number days  
in cold and heat waves on the mortality rate 

Panel C. Estimated effects of cold  
and heat waves on log of the mortality rate

Panel D. Estimated effects of the number days  
in cold and heat waves on log of the mortality  
rate
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Regression of morality rates for different population groups
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[ Box 3.2 ]
Estimation of the effect of climate

Model to estimates the effects of climate on infectious disease 
In the first stage, we estimate this equation

where ycpmt is the number of infected cases in disease-category c of province p in the month m of the year t,  
Tkpmt is the number of days in temperature bin k in province p in month m of year t, Rainfallpmt Windspeedpmt  
are average rainfall and windspeed in the month m. We use four variables of fixed effects: vc for category  
of diseases, δp for provinces, σcm for category x month and θcp for category x province.
The heterogeneous marginal effect of climate on infectious disease is captures in the function as:

where MeanTp is the sample-period average temperature of province p and Budgetp is the average of budget 
that province p allocating on medical heath care over sample period.

Model to estimates the effects of weather extremes on mortality 
We estimate the effect of cold and heat waves on the mortality using the following regression: 

where yp is the mortality rate of province p in month m of year t (per 100,000). In this study, we use both the 
mortality rate and log of the mortality rate as the dependent variables. Coldpmt is the number of consecutive 
days in a cold wave and Heatpmt is the number of consecutive days in heat waves in province p in month m of 
year t. The cold wave is defined as at least a number of consecutive days (3, 5, 7 and 9 days) with daily mean 
temperature at or below the 5th percentile of the province-specific temperature distribution, while the heat 
wave is defined as at least a number of consecutive days (3, 5, 7 and 9 days) with daily mean temperature at 
or above the 95th percentile of the temperature distribution. X_pmt is a vector of control variables. Our main 
control variables include the average of yearly temperature, which is calculated by averaging the daily mean 
temperatures in the province, and the total annual precipitation. We also control for the province-by-month 
fixed-effects, Ppm, and year-month fixed-effects Mmt. In addition, we include the province-specific time trend, 
Tp, which allows for province-specific time trends in the mortality rate. We adopt the multiway clustering  
technique of Cameron et al. (2011), which allows us to deal with the correlation of error within provinces  
over time and between provinces within a month simultaneously.

To anticipate the number of fatalities per 
100,000 people caused by cold and heat waves 
in the next years, we multiplied the predicted 
number of days in cold and heat waves by the 
estimated influence of cold and heat waves on 
mortality rate (0.18 and 0.14, respectively, as 
shown in Panel B of Figure 3.7). For the projec-
tion, we use the effect estimates of cold and 
heat waves on the mortality rate rather than 
the log of the mortality rate. The mortality rate 
is a more accurate means of estimating the 
number of people who will die as a result of 
future temperature extremes. Since we utilize 
the constant effect estimates of cold or heat 
waves on mortality, the forms of the number 
of fatalities caused by cold and heat waves 
(shown in Panels C and D) are quite similar 
to the morphologies of cold and heat waves. 
Heat-related deaths are expected to rise in the 
future, reaching a peak around 2060. These 
findings raise severe concerns regarding the 
health effects of future heat in Viet Nam. 

will remain unchanged in the future. As a re-
sult, we create the cold and heat waves for the 
2020–2100 timeframe using the same 5th and 
95th percentiles as the temperature distribu-
tion 2000–2018. Panels A and B of Figure 3.8 
present the projected number of consecutive 
days in cold and heat waves under different 
RCP scenarios. In this graph, a cold (heat) 
wave is defined as at least 3 consecutive days 
with daily mean temperature at or below the 
5th percentiles (at or above the 95th percen-
tile) of the temperature distribution of speci-
fic province. Since the average temperature  
is projected to decrease in the coming year, 
the number of days in cold waves decreases 
quickly and is close to 0 in years 2050s.  
On the other hand, the number of days in  
heat waves increases significantly and 
reaches maximum figures in around 2060. 
The number of heat waves is largest for the 
RCP 6.0 scenario and smallest for the RCP 
2.6 scenario. 

4. Main conclusions 
and policy  
implications 

Understanding the effect of weather extre-
mes on health has received great attention 
from scholars and practitioners. This chapter 
provides new insight into climate change’s 
impact on infectious disease and mortality in 
Viet Nam. The diversity of climate in non-iden-
tical regions in Viet Nam generates different 
effects for climatic factors on communicable 
disease. We found that temperature and 
wind-speed affect infectious diseases — vec-
tor borne, airborne, and waterborne — for all 

regions. The effects vary across the regions. 
A stronger effect is found for vector-borne di-
sease than others. 

We find evidence for heterogeneous effects 
across different climatic regions and the role 
of health-care expenditures. A colder region 
will be more impacted by hot temperatures 
than cold temperatures. In contrast, a hot 
region will be more sensitive to cold tempe-
ratures than hot temperatures. There will be 
direct economic costs through expenditures 
for controlling and treating disease. Our analy-
sis also highlights the indirect cost of disease 
impact caused by global climate warming. 
In our report, the indirect economic costs 
of infectious disease is estimated through 
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Panel A. The projected number of consecutive  
days in cold waves

Panel C. The projected number of deaths  
per 100,000 people due to cold waves

Panel D. The projected number of deaths  
per 100,000 people due to heat waves

[ Figure 3.8 ]
The projected number of consecutive days in cold and heat waves and the number 
of deaths under different Representative Concentration Pathway scenarios

This figure presents the projected number of consecutive days in cold and heat waves under different  
Representative Concentration Pathway scenarios and the estimated number of deaths due to these cold 
and heat waves over the 2020–2100 period. A cold (heat) wave is defined as at least 3 consecutive days 
which have daily mean temperature at or below the 5th percentiles (at or above the 95th percentile) of the 
temperature distribution of specific province. 
Source: Nguyen et al. (2021).

Panel B. The projected number of consecutive  
days in heat waves

conditions, and the availability of preventive 
measures. Since extreme events are on the in-
crease, preventive care for older adults is vital 
in the susceptible regions.

Second, the loss of working capacity would be 
a catastrophic non-medical cost for a highly 
vulnerable population with low education  
attainment, when household income mainly 
depends on labour-intensive products such 
as outdoor services and conventional agri-
culture. There is a double loss in the case of 
agricultural production in the vulnerable hot 
spots in Viet Nam. The vicious circle of a lower 
yield and loss of labour capacity will persist 
when crop failure leads to under-nutrition and 
weakens the immune system, thus increasing 
the risk of infection. Universal health care and 
insurance is a proven effective measure, along 
with the epidemic prevention.

Third, although it requires further examina-
tion, the health budget has an important role 
in lessening the sensitivity of infections to di-
sease. Funding for infectious disease control 
and prevention mainly depends on local finan-
cial capacity. In the National Target Program, 
phase 2016–2020, the Project for commu- 
nicable and noncommunicable diseases  
was allocated 1,576 billion VND from the  
State (58  million EUR), 735.384 billion VND 
(27  million EUR) from the local budget, and 
2,150 billion VND (79 million EUR) from ODA 
and external assistance. However, poor pro-
vinces with low annual public spending on 
infectious disease control suffer a higher risk 
of epidemic. Moreover, improving primary 
healthcare such as commune health stations 
and district hospital enhancement is consi-
dered to be advisable in Viet Nam, in order to 
reduce overload at national or provincial level. 
Some national evidence showed that total 
cost of primary healthcare service is reaso-

labour productivity loss due to diseases: a 
1% increase in disease infections leads to a  
decrease in the average hourly wage of  
approximately 0.05%. This is the marginal 
cost on worker productivity of an incremen-
tal change of temperature. Note that this is 
only part of the economic cost of infectious 
diseases. The direct costs will be the loss in 
wages and cost of preventing and treating 
the diseases. There are also substantial indi-
rect costs, as incidence affects behaviour and  
investment in physical and human capital. So-
cial costs include reduction of life expectancy 
and quality of life due to disease related disa-
bility. Estimating these are beyond the scope 
of the current study, but in other contexts 
these have been estimated to be significant 
[ Goenka and Liu, 2020 ]. 

We find robust evidence on the positive ef-
fects of cold and heat waves on mortality. A 
cold wave with at least 5 consecutive cold 
days increases the monthly mortality rate by 
around 4.9 percent, while a cold wave with at 
least 9 consecutive cold days increases the 
mortality rate by 6.5 percent. The mortality 
rate in a month increases by 13.5 percent if 
there is a heat wave of at least 9 consecutive 
days in that month. The results also suggest 
that older people, especially those over 80, 
are mainly affected by the weather extremes. 
Cold and heat waves have negligible effects 
for people under 40. 

Our findings raise some policy implications 
for policy makers as follows. First, human 
adaption and public health strategy play an 
essential role in the new scenario of infectious 
disease outbreaks. Since these vulnerabilities 
to climate change are not the same between 
regions, the adaption strategy should be 
based on the local context with respect to de-
mography, socio-economic and geographical 
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be monitored to see the patterns of change. 
Finally, adaptation and coping strategies for 
climate change should be explored in future 
studies. Information on these issues will be 
useful for the government in designing policies 
to mitigate the effect of climate change. For 
large-scale datasets used for this study, mis-
sing information on specific investments could 
cause an omitted variable bias. We should look 
for proxies, find instrument variables or collect 
other complementary data.

nable for ordinary people. Furthermore, medi-
cal insurance cover in Viet Nam is high (>90%), 
but discrepancies exist among levels of health 
care. Thus the government should have sup-
port programs for poor provinces and disad-
vantaged groups to cope with the adverse 
effects of climate change and weather extre-
mes on health care. Finally, the effect of cold 
waves as well as heat waves tends to increase 
when the cold and heat waves last for a longer 
time. Compared with a cold wave, the effect 
of a heat wave on the mortality rate is more 
significant and of a larger magnitude. In the 
future, if the temperature rises, more people 
will die because of heat waves. The adverse 
effects of temperature extremes on health 
require the government to pay attention to 
adaptation and coping strategies. 

For scholars and researchers, we have the 
following suggestion. Firstly, located in both a 
temperate and a tropical zone with a diverse 
topography, Viet Nam’s climate has a conside-
rable amount of sun, a high rate of rainfall, and 
high humidity that vary significantly between 
regions. Therefore, more attention should be 
paid to the spatial heterogeneity impacts, to 
capture the differences in sensitivity to infec-
tion disease and mortality-to-weather condi-
tions across regions. Next, in this study, our 
main interest has been the impact of tempe-
rature on infectious disease, and of heat and 
cold waves on mortality. However, wind-speed, 
rainfall and humidity also play important roles. 
Future research on wind-speed, rainfall and hu-
midity may benefit from better information on 
climate change impacts on health and disease. 
Moreover, climate change will induce changes 
in land use, potential changes in precipitation, 
flooding, and coastal erosion. These medium- 
to long-term changes are not covered in the 
study. All of these contribute to a change in the 
incidence of infectious diseases, and need to 
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