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Abstract

Dengue fever is the most significant global health problem transmitted by Aedes
mosquitoes. The present study aims to investigate the association of meteorology and air
quality with dengue fever incidence in upper Northern Thailand within the period 2014 to
2022. Data was collected form a database of climate, air pollution, and dengue fever in upper
Northern Thailand, namely from Chiang Mai, Lamphun, Lampang, Phrae, Nan, Phayao,
Chiang Rai, and Mae Hong Son provinces. The highest morbidity rate of dengue fever was
found during the rainy season. The rainy season had the highest relative humidity, total rainfall,
rainfall days, visibility, cloud amount, and wind speed, while these were lowest during the
summer season. All parameters of air pollutants, with the exception of 1-hr SO, were highest
during the summer season and lowest during the rainy season. Importantly, multiple linear
regression analysis was used to adjust covariates which found that cloud amount and rainfall
days were positively associated with the morbidity rate of dengue fever (f = 0.954 + 0.402,
p value =0.018; and 0.659 + 0.143, p value < 0.001, respectively). However, total rainfall had
negative effects (f = -0.029 + 0.008, p value < 0.001). Regarding air pollution factor, only
1-hr Os was negatively associated with the morbidity rate of dengue fever (f = 0.263 = 0.07,
p value <0.001). Therefore, the optimal predictors for dengue cases in upper Northern Thailand
were rainfall days, total rainfall, cloud amount, and ground ozone levels. The study’s findings
can enhance dengue surveillance by predicting morbidity, preparing for potential outbreaks,
and implementing region-specific prevention measures.
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1. Introduction

Dengue fever is the most significant The global incidence of dengue fever has
vector-borne viral disease for global public ~ dramatically increased over the past two
health. This virus is transmitted to humans  decades, which is a public health challenge
through the bite of an infected Aedes (CDC,2023; WHO, 2023). In 2023, over 5 million
mosquitoes (Ae. aegypti or Ae. albopictus).  cases and more than 5,000 dengue-related
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deaths were reported from 86 countries
globally (WHO, 2023; ECDC, 2023). The
Department of Disease Control in Thailand
reported 156,097 cases and 167 deaths across
all 77 provinces in 2023. Notably, the number
of cases in 2023 increased approximately
3.5 times compared to 2022. The highest
number of cases were reported in Thailand’s
Central region (46,989 cases) followed by
the Northern region (35,511 cases), and
the Northeastern region (33,539 cases)
(Department of Disease Control, 2024).

Previous studies have investigated the
association between meteorological factors
and dengue transmission, with most of these
studies finding an association between them.
However, the results found in previous studies
are inconsistent (Abdullah er al., 2022).
Studies conducted in Northwest Argentina
and Singapore found that dengue cases
were positively associated with temperature
and rainfall, but negatively associated with
wind speed (Gui et al., 2021; Gutirrez et al.,
2022). In contrast, a study conducted in four
Asian countries found a negative association
with temperature and rainfall (Wang et al.,
2022). Sugeno et al. (2023) reports research
conducted in the Lao People’s Democratic
Republic (LPDR) and indicated that the
risk of dengue incidence deceased when
heavy rain exceeds 200 mm. Additionally,
a study conducted in Bangkok in Thailand’s
Central region, indicated that dengue cases
were positively associated with relative
humidity (RH) and suggested that, RH is the
best predictor for dengue cases (Kumharn
et al., 2023. Another study conducted in
16 provinces in Thailand’s Central region
claimed that temperature, rainfall, RH, and
wind speed are the best predictors for dengue
cases (Langkulsen and na Sakolnakhon,
2022). It is therefore likely that variations
across different areas or regions influence the
predictors of dengue cases.

Regarding air pollution related to
dengue cases, available previous studies
have investigated the association between
air pollution and dengue cases. A study in
Taiwan showed that the levels of sulphur
dioxide (SO:), ozone (Os), carbon monoxide
(CO), and particulate matter-10 microns
(PM,y) were positively association with
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dengue incidence, while particulate matter-2.5
microns (PM, 5) showed an opposite effect (Lu
et al., 2023). Meanwhile, a Malaysian study
found that air pollution index (API) levels
do not have a significant effect on reported
cases (Thiruchelvam et al., 2018). Moreover,
a study conducted in Thailand reported that
extremely high temperatures in addition to
SO:2 and PM, 5 are negatively associated with
dengue cases (Tewari et al., 2023). Therefore,
the available data is rather inconsistent due to
geographical difference.

Upper Northern Thailand consists of
eight provinces, including Chiang Mali,
Lamphun, Lampang, Phrae, Nan, Phayao,
Chiang Rai, and Mae Hong Son. This region
in Thailand experiences three distinct seasonal
periods, a rainy season, a winter season, and
a summer season. During the winter season,
the temperature in this region is cooler than
other regions of Thailand (Amazing Thailand,
2024). The geographical conditions of this
region are like a pan basin surrounded by
mountains. This region is particularly affected
by air pollution, especially particulate matter
(PM,5), compared to other regions. Air
pollutants in this area tend to accumulate and
persist due to the geographical confinement of
the pan basin (Chiang Mai University, 2024).
Thus, upper Northern Thailand has a distinct
geography, meteorological condition, and
air pollution may have an impact on dengue
epidemics in this region. This study therefore
aims to visualize morbidity of dengue fever,
meteorological parameters, and air pollutant
levels classified by month, and to investigate
the association of meteorology and air quality
with dengue fever incidence in upper Northern
Thailand within the period 2014 to 2022.
The study’s findings can enhance dengue
surveillance by improving the prediction
of dengue morbidity, aiding in outbreak
preparedness, and contributing to disease
prevention.

2. Methodology
2.1 Study design and research site
The study area is upper Northern

Thailand, which includes eight provinces
including Chiang Mai, Lumphun, Lampang,
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Phrae, Nan, Phayao, Chiang Rai, and
Mae Hong Son. The geographical conditions of
upper Northern Thailand are unique, consisting
mostly of mountains with the highest peak at
2,565 metres (8,415 feet) (Amazing Thailand,
2024). The total forest area is 90,087.4 square
kilometres (56,304,603.3 rai), accounting for
52.4% of forested areas in Thailand (Royal
Forest Department, 2020). Thailand’s climate
is distinguished by three distinct seasons, rainy,
winter, and summer (ARDA, 2024). During the
winter season, this region experiences cooler
temperatures than other areas in Thailand due to
the inflow of cold air from the Chinese highlands
(Academic Accelerator, 2024; Amazing
Thailand, 2024). Annually, the maximum
daytime temperature averages 33.2 °C,
while the minimum nighttime temperature
averages 22.5 °C. The region typically has
an average of 91 rainy days, with total annual
precipitation averaging 1,340 millimetres
(WorldData, 2024). Upper Northern Thailand
also faces significant air pollution issues during
the winter season. Between 2016 and 2020, the
daily average PM, s concentrations frequently
exceeded Thailand’s National Ambient Air
Quality Standards, ranging from 24% to 65%
above the established limits (Sirithian and
Thanatrakolsri, 2022).

In 2023, Northern Thailand recorded the
highest morbidity rate for dengue fever among
Thailand’s regions. The provinces with the
highest number of reported dengue cases were
Mae Hong Son (2,748 cases), Chiang Mai
(1,555 cases), and Chiang Rai (1,264 cases)
(Department of Disease Control, 2024).

2.2 Data collection

Data for dengue fever in the eight
provinces of upper Northern Thailand during
the period 2014 to 2022 was obtained from the
website of the Health Regional Medical Office
1, Ministry of Public Health (https://cmi.
ciorhl.com/web/). The data on the website
is presented as in-patient department (IPD)
cases. The formula to calculate the morbidity
rate of dengue fever is detailed below:

Morbidity rate of dengue fever
= (IPD cases / numbers of mid-year
population) x 100,000

Data for mid-year population was
obtained from the website of the Bureau
of Epidemiology, Department of Disease
Control, Ministry of Public Health (https://
apps-doe.moph.go.th/boe/software/
downloadpopulation.php).

Meteorological data for the eight
provinces covering the research area and
period was obtained from the website of
the Northern Meteorological Center, Thai
Meteorological Department, Ministry of
Information and CommunicationTechnology
(http://www.cmmet.tmd.go.th/forecast/pt/
pt_map.php). The following meteorological
conditions parameters were collected as
follows;

Pressure (hPa): mean, extreme
maximum, extreme minimum
Temperature (0C): mean, mean
maximum, mean minimum

- % relative humidity: mean, mean
maximum, mean minimum

Total pan evaporation (mm): mean
Total rainfall (mm): mean
Rainfall days (days): mean
Visibility (km): mean

- Cloud amount (scale 1-10): mean
Wind speed (knots): mean

Air quality data in the eight provinces of
upper Northern Thailand during the period
2014 to 2022 was collected from the website
of the Air Quality Management Bureau,
Pollution Control Department, Ministry of
Natural Resources and Environment (http://
air4thai.pcd.go.th/webV3/#/Download). The
collected parameters included 24-hr PM, 3,
24-hr PM,,, 1-hr Os, 1-hr NOz, 1-hr SOz, and
1-hr CO.

2.3 Statistical analysis

A total of 864 datasets were classified by
month, ranging from January to December.
Regression model was used to impute the
missing data by substituting missing data with
adifferent value. The missing data was imputed
using a regression model, which substituted
a new value for the missing data. The
morbidity rate of dengue fever, meteorological
data, and air pollution levels classified
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by month were analyzed and shown using
Microsoft Excel. Pearson correlation was used
to investigate the association of meteorological
and air pollution factors with the morbidity
rate of dengue fever. The parameters that were
significantly associated with the morbidity
rate of dengue fever by Pearson correlation
analysis (p value < 0.05) were included
in the model of linear regression analysis.

2.4 Ethical Considerations

The study was approved by the Research
Ethics Committee of the University of Phayao,
Thailand (HREC-UP-HSST 1.1/019/67).

3. Results and discussion
3.1 Morbidity rate of dengue fever

The highest morbidity rate of dengue fever
was found in July (22.78/100,000 population),
followed by August (20.65/100,000
population) and September (14.86/100,000
population). These three months were
classified as rainy season months. The lowest
morbidity rate of dengue fever was found in
February (1.09/100,000 population), followed
by March (1.37/100,000 population) and
January (1.87/100,000 population) (Figure 1).
Dengue fever is a public health concern

in tropical and sub-tropical regions and is
transmitted by the 4edes mosquitoes (WHO,
2023; Kularatne and Dalugama, 2022).
The results of the present study show that
the highest dengue fever morbidity rate was
in July, followed by August and September,
which are all categorised as belonging to the
rainy season. These results are consistent with
a finding from a previous study in another
region of Thailand. A study conducted in
Nakhon Si Thammarat province, located in
the southern region of Thailand, revealed that
dengue cases increased from April, peaked in
July, and declined by October (Abdulsalamet
et al, 2021). However, a study conducted
in the central region of Thailand indicated
that dengue cases during the winter season
(from October to February) were higher
than those during the rainy season (from
June to September) (Langkulsen and na
Sakolnakhon, 2022). A study conducted in
Bangkok, in the central region of Thailand
also stated that November had the highest
dengue cases, followed by October and
December, which are categorised within the
winter season (Kumharn et al., 2023). Given
the significant variation in geographical and
meteorological conditions across different
regions of Thailand, these factors are likely
to influence the predictors associated with
dengue cases.

Morbidity rate of dengue fever/100,000 population

20 4

22.78

JAN FEB MAR APRIL MAY

Winter

JUNE

Summer

JUL AUG SEP oCcT NOV DEC

Rainy

Figure 1. Morbidity rate of dengue fever in upper Northern Thailand, classified
by month during the period 2014 to 2022

167



P. Sapbamrer et al. / EnvironmentAsia 18(1) (2025) 164-173

3.2 Meteorological conditions

The rainy season had the highest relative
humidity, total rainfall, rainfall days, visibility,
cloud amount, and wind speed, while these
were lowest during the summer season. The
lowest pressure was found during the rainy
season and the highest was in the winter
season. In contrast, the highest temperature
was found in summer season and the lowest
in the winter season (Figure 2). It is possible
that there are two periods of peak total rainfall
in upper Northern Thailand, as depicted in
Figure 3. The first period exhibits the highest
total rainfall in May, followed by a decrease
in June, and the second period shows a peak
for total rainfall in August. Consequently, the
results of the two analyses did not display a
consistent pattern of association. Additionally,
itis possible that heavy rainfall may lead to the
removal of mosquito eggs and larvae, thereby
reducing the overall mosquito population
(Benedum et al., 2018; Hossain et al., 2023).
A moderate amount of rainfall is sufficient to
create additional breeding sites and promote
the growth of the mosquito population
(Abdulsalam et al., 2022; Seidahmed
and Eltahir, 2016; Wang et al., 2022).

A

Wongkoon et al., (2013) suggested that
increased rainfall days may trigger a higher
number of Aedes larvae and incidence of
dengue fever. Therefore, rainfall days could
be a significant factor to create additional
breeding sites for mosquito populations.

3.3 Air pollutant levels

All parameters of air pollutants, except
1-hr SO-, had the highest levels in the summer
season (during February and March), while the
lowest levels were found in the rainy season
(during June and September) (Figure 3).
The spread of dengue disease may be
attributed to air pollution. The results indicate
that all parameters of air pollutants (PM,,,
PM,;, Os, NO2, and CO), except SO, were
highest during the summer season, while the
lowest levels were found in the rainy season.
Previous studies also stated that the highest
levels of these air pollutants were found in
the summer season, yet the highest numbers
of dengue cases were reported during the
rainy season (Kliengchuay et al., 2021;
Thongtip et al., 2022; Wongkoon et al., 2013).
Specifically, haze pollution concentrations are
higher during the dry or summer season in

Winter

Summer

Rainy

A) Pressure (hPa), B) Temperature (°C), C) % Relative humidity,
D) Total rainfall and total pan evaporation (mm), E) Rainfall days (days),
F) Visibility (km) and cloud amount (1-10), G) Wind speed (knots)

Figure 2. Meteorological conditions in upper Northern Thailand, classified
by month during the period 2014 to 2022
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Thailand. This increase is attributed to several
factors, including seasonal haze, the burning
of agricultural biomass, forest fires, and
open field burning (Kliengchuay et al., 2021;
Nangola et al., 2023; Thongtip et al., 2022).

3.4 Association of meteorological and air

pollution factors with the morbidity rate of

dengue fever

The Pearson correlation coefficient
investigating the association of
meteorological and air pollution factors with
the morbidity rate of dengue fever in upper

24-ht PM,

24-hr PM,,

70 1900 1938 2054

Northern Thailand is presented in Table 1.
Meteorological factors associated with the
morbidity rate of dengue fever included
pressure, temperature, relative humidity,
visibility, cloud amount, total rainfall, and
rainfall days. The associated air pollution
factors were 24-hr PM,s, 24-hr PM,,,
1-hr Os, 1-hr NO, and 1-hr CO. Importantly,
the present study finds that the morbidity rate
of dengue fever is positively associated with
total rainfall when analyzed using Pearson
correlation, but negative association when
analyzed using multiple linear regression,
as reported in Table 2.

AN FED MAR APRIL NAY ANE JUL AU’ SEP OCT NOV. DEC
1-hr NO,

1009 1003

AN FEB MAR APRIL MAY JUNE JUL AUG SEP OCT NOV DEC

1-hr SO,

10+
JAN FEB MAR APRIL MAY JUNE JUL AUG SEP OCT NOV DEC

1-hr CO

AN FEB MAR APRIL MAY JUNE JUL AUG SEP OCT NOV DEC

Winter

JAN FEB MAR APRIL MAY JUNE JUL AUG SEP OCT NOV DEC

030 +
JAN FEB MAR APRIL MAY JUNE JUL AUG SEP OCT NOV DEC

Summer Rainy

Figure 3. Air pollutant levels in upper Northern Thailand, classified
by month during the period 2014 to 2022

Table 1. Pearson correlation coefficient (r) for investigating the association of meteorological
and air pollution factors with the morbidity rate of dengue fever in upper Northern Thailand

Parameters r p-value

Climate Pressure (hPa) -0.332 <0.001%**
Temperature (°C) 0.177 <0.001**
Relative humidity (%) 0.306 <0.001**
Visibility (km) 0.184 <0.001**
Cloud amount (1-10) 0.433 <0.001**
Wind speed (knots) 0.001 0.972
Total pan evaporation (mm) -0.042 0.218
Total rainfall (mm) 0.306 <0.001%**
Rainfall days (days) 0.439 <0.001**

Air pollution  24-hr PMas (ug/m?) -0.289 <0.001%**
24-hr PM o (ug/m?) -0.333 <0.001**
1-hr O3 (ppb) -0.323 <0.001**
1-hr NO (ppb) -0.168 <0.001**
1-hr CO (ppm) -0.157 <0.001%**
1-hr SOz (ppb) -0.077 0.024

r = Pearson correlation coefficients, **p value < 0.01
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3.5 Multiple linear regression analysis of the
association between meteorological and air
pollution factors and the morbidity rate of
dengue fever

Multiple linear regression analysis for
adjusting covariates found that cloud amount
and rainfall days were positively associated
with the morbidity rate of dengue fever
(B = 0.954 + 0.402, p value = 0.018; and
0.659 £0.143, p value <0.001, respectively).
However, total rainfall had a negative effect
(B =-0.029 = 0.008, p value < 0.001).
Among the air pollution factors, only 1-hr
Os was found to be negatively associated
with the morbidity rate of dengue fever
(B=0.263 £0.07, p value <0.001) (Table 2).
The transmission of dengue could be notably
affected by the optimal climatic conditions
for mosquito species serving as vectors.
Interestingly, after adjusting the co-variates
using multiple linear regression analysis,
the results indicate that the morbidity rate
of dengue fever was positively associated
with cloud amount and rainfall days, but
negatively associated with total rainfall. This
is in contrast to most previous studies which
claim that dengue cases are positive associated
with rainfall (Gutirrez et al., 2022; Gui et al.,
2023; Kumharn et al., 2023; Langkulsen
and na Sakolnakhon, 2022). Nonetheless,
some previous studies found a negative
association between total rainfall and dengue
cases (Abdulsalam et al., 2022; Faruk et al.,
2022; Wang et al., 2022). Cloud amount is a

measure of the extent of cloud cover in the sky,
with the scale ranging from 1 (minimal cloud
cover) to 10 (complete sky obscured). This
parameter is part of the comprehensive set of
parameters collected by the Meteorological
Center in Northern Thailand (Northern
Meteorological Center, 2023). Periods with
minimal cloud cover tend to be the sunniest,
significantly affecting temperature variations.
When clouds are present, they trap and
re-emit heat radiated from the Earth’s surface,
resulting in a slower decrease in temperatures.
This has a notable impact on the dengue
virus and directly affects the reproduction
and survival of the Aedes mosquito vector in
the environment (Abdulsalam et al., 2022).
The optimal temperature for transmission of
Aedes mosquito vectors varied in the range
between 21.3 °C and 34 °C (Hossain ef al.,
2023). Therefore, this study suggests that
rainfall days and cloud amount are the optimal
predictors for dengue cases in upper Northern
Thailand. Interestingly, our results showed
that only 1-hr Os was negatively associated
with the morbidity rate of dengue fever when
analysed using multiple linear regression. Our
results are consistent with Yip et al. (2022),
which suggested that ground levels of ozone
have a strong immediate effect on dengue
cases. Scientific evidence demonstrates that
ozone has a deterrent impact on both Aedes
aegypti and Aedes albopictus (Wan-Norafikah
etal., 2016). Our results therefore suggest that
ground ozone levels are a predictor for dengue
cases in upper Northern Thailand.

Table 2. Multiple linear regression for investigating the association of meteorological and air
pollution factors with the morbidity rate of dengue fever in upper Northern Thailand

Parameters B SE p-value

Climate condition  Pressure (hPa) -0.310 0.295 0.294
Temperature (°C) 0.11 0.285 0.701
Relative humidity (%) -0.049 0.118 0.678
Visibility(km) -0.453 0.287 0.116
Cloud amount (1-10) 0.954 0.402 0.019*
Total Rainfall (mm) -0.029 0.008 <0.001**
Rainfall days (days) 0.659 0.143 <0.001**

Air pollutants 24-hr PMa 5 (ug/m?) -0.019 0.028 0.497
24-hr PMio(ug/m?) -0.029 0.034 0.393
1-hr O3 (ppb) -0.263 0.07 <0.001%*
1-hr NO (ppb) 0.194 0.131 0.139
1-hr CO (ppm) 3.43 2.039 0.093
1-hr SO2 (ppb) -0.071 0.488 0.884
Constant 323.12 300.66 0.283

*p value < 0.05, **p value < 0.01
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4. Conclusion

This investigation revealed that the
highest morbidity rate for dengue fever in
upper Northern Thailand coincided with
the rainy season, whereas the peak levels of
air pollution were observed in the summer
season. The morbidity rate for dengue fever
was positively associated with rainfall days
and cloud amount, but negatively associated
with total rainfall and ground ozone levels.
Therefore, rainfall days, total rainfall,
cloud amount, and ground ozone levels
are the optimal predictors for dengue cases
in upper Northern Thailand. This study’s
findings can be used to improve dengue
surveillance to predict dengue morbidity,
prepare for outbreaks, and prevent diseases.
Government authorities and relevant
agencies can utilize these parameters to
forecast dengue morbidity and implement
strategies to control the spread of Aedes
mosquitoes, particularly during the rainy
season. This study focused exclusively on
upper Northern Thailand, therefore further
research is recommended in other regions of
Thailand to determine the specific predictors
relevant for those areas.
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