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Abstract. The impact of changing weather patterns on respiratory diseases
is an urgent public health issue, especially in Surakarta. Global climate
change poses a serious threat to public health. This study aims to investigate
the relationship between annual pneumonia and tuberculosis (TB) incidence
and meteorological variables in Surakarta, Central Java province, Indonesia.
The methodology of this study uses public data from 2022 to 2024 to
compare the incidence of disease cases data, annual rainfall, rainy days,
average temperature, and humidity A descriptive-analytical study utilizing
a correlational approach was employed to compare the trend of each climate
variable with the trend of disease cases across the two years to establish a
positive or negative correlation. The incidence of pneumonia spikes (from
233 to 520) directly reflects the shift from a very dry 2022 to much wetter
conditions in 2023 and 2024. Conversely, Tuberculosis cases continue to
increase every year (from 786 to 1,054) suggesting that non-climatic factors
remain the main drivers of the spread of TB. Our findings indicate that the
burden of pneumonia is highly sensitive to extreme weather. It highlights
the apparent need to integrate climate forecasting into public health
surveillance to anticipate better and prepare for outbreaks of Pneumonia.
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1 Introduction

Global climate change poses a significant threat to public health, particularly through its
influence on infectious disease dynamics. Climate fluctuations and ecological shifts, such as
changes in seasonal patterns and the rising intensity of climatic extremes (e.g., storms,
droughts), have already impacted the epidemiology of various infectious diseases [1,2].
Consequently, health systems must address the new challenges posed by environmental
determinants that affect the burden of existing illnesses [1,3].

Respiratory infections are notably sensitive to environmental changes. The environment
significantly influences pathogen transmission, including under varying weather conditions.
Research indicates that air temperature and humidity can directly impact the survival and
transmission of various pathogens [4,5]. Heavy rainfall can indirectly affect public health;
flooding may disrupt sanitation systems and force communities into crowded indoor shelters,
which creates ideal conditions for disease spread [6,7].

This research focuses on pneumonia and tuberculosis (TB), two leading respiratory
disecases that exhibit different behavior patterns. Pneumonia is acute and demonstrated to
have seasonal fluctuations highly sensitive to short-term weather variations [4,8]. In contrast,
TB is a chronic disease that is primarily influenced by socioeconomic factors such as housing
density, nutrition, and indoor ventilation [9,10]. However, climate-driven behaviors—Ilike
increased indoor time during prolonged rainy seasons—could alter TB transmission
dynamics [2,10].

Although numerous studies have linked climate with respiratory illnesses, much of this
research has been conducted in subtropical four-season countries [4,11]. There is a substantial
knowledge gap regarding these dynamics in densely populated tropical cities, and limited
research has examined both acute (pneumonia) and chronic (TB) diseases in a single urban
population. The case of Surakarta, known for its wet and dry seasons and rich health data,
offers a suitable context for such an analysis [1,12].

Thus, we aim to analyze relationships between annual rainfall, the number of rainy days,
average temperature, humidity, and meteorological conditions in Surakarta for pneumonia
and TB incidence trends from 2022 to 2024. This evaluation intends to provide public health
officials with insights to enhance early warning systems for respiratory infectious diseases
[3,12]. Environmental changes significantly impact respiratory infections, and basic weather
factors play a crucial role in pathogen transmission, as evidenced by the relationship between
extreme rainfall and increased pneumonia cases [2,4].

2 Methods

The study was devised as a descriptive-analytical study utilizing a correlational approach.
This analysis specifically centered on climate variability and the burden of respiratory
diseases based on secondary data from Surakarta, Indonesia. Data collection spans 1 January
2022 through 31 December 2024. We apply two categories of public data, both obtained from
the Central Statistics Agency (BPS) of Surakarta City. The initial collection was for public
health data, like the annual report on Pneumonia and Pulmonary Tuberculosis (TB)
occurrence. The second data consists of meteorological information from BMKG. The data
has been arranged for analysis in a systematic way. We had four independent climate
variables, including total annual precipitation (mm), number of wet days (days), average
annual air temperature (°C), and mean annual humidity (%). For comparability,
meteorological data (which was previously reported monthly) is consolidated into annual
amounts. Annual precipitation and wet days are reported per year, while average temperature
and humidity are computed per year. A descriptive analysis was conducted by comparing the
trend of each climate variable with the trend of disease cases, using a visual analysis between
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the two years. This is used to establish a positive or negative correlation. Because this study
employed just publicly available aggregated data and did not use any specific patient
identifiers, a formal ethical assessment was not needed.

3 Results

Based on comparative public health data through 2024, two trends in respiratory disease
incidence are identified, outlined in Table 1. There were 233 pneumonia cases in 2022,
compared with 473 cases recorded as of 2023, a tripling. It was followed by a much quicker
increase to 520 cases in 2024. At the same time, however, pulmonary tuberculosis (TB)
continued to rise every year. Reported tuberculosis cases went from 786 in 2022 to 892 in
2023 and to 1,054 in 2024. During the same three-year period, accumulated meteorological
data show the extent of annual variability, particularly in precipitation. In 2022, a drought hit
the country within the seasonal precipitation regimes, resulting in a total of 130.00 mm of
annual precipitation. It experienced drastic transformations into very wet conditions:
aggregate precipitation increased to 1,743.40 mm in 2023 and 2,459.60 mm in 2024.
Importantly, the number of days is, on average, very dry, with a substantial difference in the
number of wet-day occurrences across different trends. In 2022, the driest year, there were
the most rainy days (195), and in 2023 and 2024, the wettest years, there were the fewest
rainy days (116 and 108, respectively). The mean temperature is increasing at every point in
time, with temperatures of 26.85°C in 2022, 27.54°C in 2023, and 27.68°C by 2024,
regardless of concentration.

A significant temporal relationship between rainfall and pneumonia occurrence was
observed. The minimum incidence of pneumonia (233 cases) occurred in the driest year,
2022. Consequently, this large increase in pneumonia incidence (to 473 and 520 cases) was
directly proportional to the number of years with heavy rainfall. A strong association with
TB is not observed. In contrast, a steady, linear increase in tuberculosis case rates and the
substantial variation in rainfall can hardly be compared with the vast variation in
precipitation. Moreover, other climatic factors did not reveal a clear direct relationship with
the rise in pneumonia cases. As for the year with the most pronounced rise of pneumonia
cases (2023), the minimum mean per capita humidity (72.83%) and the maximum mean
temperature were the same.

Table 1. Annual Disease Incidence and Aggregated Climate Variables in Surakarta (2022-2024)

Variable 2022 2023 2024
Disease Incidence
Pneumonia Cases 233 473 520
Tuberculosis (TB) Cases 786 892 1,054

Climate Variables
Total Annual Rainfall (mm) 130.00 | 1,743.40 | 2,459.60

Total Rainy Days (days) 195 116 108

Average Air Temperature (°C) | 26.85 | 27.54 27.68

Average humidity (%) 79.58 | 72.83 76.33
4 Discussion

The relationship between pneumonia and tuberculosis (TB) incidence and climate variability
during the 2022-2024 period shows significant differences in Surakarta. Our main finding
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revealed a strong, positive association between extreme annual precipitation and pneumonia,
but not with tuberculosis.

There were dramatic increases in the number of pneumonia cases, which more than
doubled between 2022 and 2023, closely correlating with the transition from a dry year to a
year of heavy rainfall. Pneumonia outbreaks in urban tropical settings are thus acutely
sensitive to changes in weather [4,8]. The mechanism must be complex. Heavy rain often
triggers localized flooding, in addition to the adverse effect it can have on both sanitation and
water quality. In addition, prolonged rainy seasons that force individuals to stay inside lead
to overcrowding and poorly ventilated spaces, promoting the transmission of respiratory
infections [2,4].

While the number of wet days (195) was recorded as higher in 2022, the corresponding
rainfall volume (130 mm) and the number of pneumonia cases (233) were the lowest in the
study period. Conversely, the years 2023 and 2024 experienced considerably fewer rainy
days but saw significantly higher total rainfall volumes. This pattern suggests that in addition
to the simple frequency of rain, the intensity of precipitation (i.e., high total volume) is a
more critical factor in increasing the risk of respiratory disease, aligning with findings that
heavy rainfall intensity exacerbates disease risk [8,13].

Paradoxically, the absence of association with humidity is notable. In specific laboratory
investigations, higher humidity promoted the viability of pathogens [4,5]. However, our
results reveal that 2023, which saw the highest number of pneumonia cases, had the lowest
average annual humidity, at 72.83%. Such an imbalance suggests that any immediate effects
of moisture might be overshadowed by the indirect (but large-scale) social consequences of
severe rain, such as increases in indoor congestion. It could also be a limiting factor to annual
average humidity, potentially masking severe short-term moisture peaks, especially under
heavy rain [2,6].

Equally revealing is the lack of association between climate variables and tuberculosis
incidence. TB incidence is steadily increasing and in an unbroken pattern, regardless of
whether the year was dry (2022) or excessively wet (2023-2024). These data strongly confirm
that tuberculosis transmission is mainly the product of chronic non-climate factors. This
finding is consistent with research in other sectors of Central Java. A study examining
cropping patterns across the volcanic topo sequence of Central Java found that despite a
consistent decrease in annual rainfall over three decades, farmers' actual cropping patterns
correlated more strongly with land suitability and irrigation infrastructure, demonstrating the
system's adaptation driven by non-climatic factors to rainfall variability [13]. Tuberculosis is
a chronic medical condition with a long latency time and is therefore insensitive to short-
term meteorological disturbances. Because of its more systematic development, the
increasing rate in Surakarta is likely to result from programmatic factors (improved
identification and recognition of cases by public health sectors). In contrast, its rise might
reflect social factors (dynamic changes in population density or indoor living conditions)
rather than an environmental stimulus [14].

The complexity of environmental influence can also be observed in soil studies. Research
on the functional diversity of bacteria in saline soils on the Sialang Buah Coast demonstrated
that nutrient availability and microbial activity are highly influenced by local soil
characteristics, such as salinity and pH, rather than solely by macro-climatic changes [15].
This highlights the importance of considering specific micro-environmental factors in
determining biological outcomes.

Several limitations are relevant to consider for this study. One, ecological research relies
on aggregated urban-level data, limiting the examination of individual-level risk or causation
—a phenomenon known as the ecological fallacy. The three years are not long enough to
study long-term trends in climate change; instead, they represent the annual cycles of
weather. Third, the missing monthly values are derived from the aggregate year-over-year
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precipitation data, which affects overall accuracy. This analysis ultimately failed to account
for significant confounding variables, such as air pollution (e.g., PM2.5 concentrations),
population vaccination status (e.g., pneumococcal conjugate vaccines), and changes in
healthcare-seeking behavior, all of which substantially influence respiratory illness rates.

Because serious weather events are directly related to outbreaks of pneumonia, the strong
connection between heavy precipitation and increased pneumonia cases offers good support
for integrating windstorm events with public health monitoring. Additionally, the correlation
between the severity of rainfall conditions and pneumonia incidence was significant and
positive, confirming the association between heavy rainfall and higher rates of pneumonia.
For instance, in Surakarta, an excessive amount of forecasted rainfall can also serve as a
critical notice to activate clinics, stock medical supplies, or issue public advisories to counter
the increase in potential occurrence of acute respiratory diseases. However, in terms of TB
control, the statistics show that programs and programmes that alleviate tuberculosis burden
can be prioritized to be the main determinant of TB burden, regardless of seasonal weather
variation, including: (1) case detection, (2) contact tracing, and (3) cleanliness in indoor
living spaces.

5 Conclusion

Based on three-year studies in Surakarta, we found that when local climate variability is
involved, responses are different between pneumonia and tuberculosis. This marked increase
in pneumonia cases is directly related to the transition from arid years to subsequent years of
excessive rainfall in the same area, suggesting local-temporal susceptibility to the disease
driven by meteorological conditions. On the other hand, tuberculosis is still very high and
has completely resisted these dramatic environmental changes, suggesting that the underlying
factors are primarily social and programmatic. The key differences emphasise the importance
of a practical perspective: public health surveillance in Surakarta will be significantly
enriched by heavy rainfall projections in anticipation and preparation for an increase in
pneumonia cases. In summary, tuberculosis control actions should focus on non-clinical
interventions, such as case identification and contact tracing.
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