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Abstract    Article Info 

This study aims to evaluate the variability of surface atmospheric 

temperature and humidity and the implications for atmospheric 

stability based on observation data at the Juanda-Sidoarjo Class 1 

Meteorological Station in February 2026. The method used is a 

quantitative approach with descriptive and evaluative analysis of 

temperature and humidity data at two observation times. So the 

results show that the temperature during the day has a greater 

variation of around 24.6°C to 30.0°C while the relative humidity is 

around 67% to 97%. Likewise, at night it has a larger variation, 

around 24.3°C to 26.3°C, while the relative humidity is higher, 

around 81% to 96%. This analysis shows an inverse relationship 

between temperature and humidity, where temperature increase is 

followed by a decrease in relative humidity. The atmospheric 

dynamics side of daytime conditions produces labile atmospheric 

conditions due to intense surface heating, while for nighttime it 

shows stable atmospheric conditions due to surface cooling. So that 

temperature and humidity variability play an important role in 

controlling atmospheric stability and weather dynamics in tropical 

regions. 
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A. Introduction 

The troposphere is the lowest layer of the atmosphere and has a role in controlling 

weather processes and climate dynamics. The meteorological phenomena that occur such 

as cloud formation, precipitation and atmospheric convection in the troposphere layer. 

Temperature and humidity parameters are fundamental variables in determining 

atmospheric thermodynamic conditions, including atmospheric stability and vertical energy 

distribution. Variations of both parameters can directly affect physical processes including 

cloud formation and energy transfer between the Earth's surface and the atmosphere. In the 

implementation of the latest study that shows that the vertical distribution of temperature 
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and humidity is an indicator in understanding atmospheric dynamics in the 

meteorologically active troposphere layer[1] . 

 The relationship between temperature and humidity plays a role in determining the 

refractive properties of the atmosphere and the interaction of electromagnetic waves in the 

troposphere. Which suggests that small changes in temperature and humidity can have a 

significant impact on the overall characteristics of the atmosphere. In the research that has 

been conducted, it has been shown that the temperature parameter has a high sensitivity to 

changes in relative humidity in determining the physical properties of the atmosphere, 

especially in the vertical variation of the troposphere [2]  

Atmospheric variability, especially in temperature and humidity in the troposphere 

layer, has a role in understanding climate change and weather dynamics. Uneven changes 

in troposphere temperature, both spatially and vertically, show a significant influence of 

global warming on the atmospheric system. These variations can affect the distribution of 

energy in the atmosphere as well as have an impact on changes in atmospheric circulation 

patterns and extreme weather phenomena. Changes in the characteristics of the troposphere 

are seen in the dynamics of the tropopause which is very sensitive to temperature and 

humidity variability so it is used as an indicator of global climate change. Radiosonde-

based research in Indonesia shows that the use of upper atmosphere data is not optimal, so 

that there is limited understanding of vertical patterns of temperature and humidity. 

Therefore, the need for a study of temperature and humidity variability of the troposphere 

is important in improving understanding of atmospheric dynamics in the tropics.[3] [4]  

The natural problem of the study of temperature and humidity variability of the 

troposphere lies in the coflexicity of atmospheric dynamics which is not easy to represent 

accurately. Variations in atmospheric parameters do not only occur vertically but are 

influenced by multi-scale interactions between atmospheric circulation convection 

processes and surface-atmosphere interactions. This causes the distribution of temperature 

and humidity to be dynamic and difficult to predict precisely, especially in tropical regions 

that have high convective activity. 

There are also significant limitations in the availability and quality of atmospheric 

data. In radiosonde observations, which have high vertical resolution, they are still limited 

spatially and temporally, so they are not able to describe atmospheric conditions as a whole. 

Meanwhile, alternative data such as satellites and reanalyses often show biases, especially 

in the humidity parameters in the lower troposphere, causing inconsistencies with direct 

observation data [4]  
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The complexity between temperature and humidity contributes to the emergence of 

extreme weather phenomena such as humid heat waves which show that atmospheric 

variability is not only linear but is influenced by environmental factors such as rainfall and 

surface conditions. Therefore, an approach with a direct observation database is needed as 

a study to evaluate the variability of temperature and humidity in the troposphere more 

accurately.[5]  

 

B. Research Methods 

In this study, a quantitative approach is used through descriptive and evaluative 

analysis of surface observation data before radiosonde observation is carried out to examine 

the variability of temperature and humidity in the troposphere layer. The surface data used 

is surface data from the observation unit at the Class 1 Meteorological Station Juanda-

Sidoarjo, which was obtained through the launch of radiosondes twice a day. The analysis 

aims to identify the pattern of temperature distribution and moisture structure in the 

troposphere layer. A vertical profile-based approach is used in observations to determine 

the characteristics of atmospheric layers. This analysis aims to identify fluctuations in 

atmospheric parameters and patterns of change that occur in various layers of the 

troposphere. Temperature and humidity variability are important indicators in 

understanding weather dynamics and climate change, especially in the tropics of Indonesia 

which have quite complex atmospheric characteristics [6] [7] . 

 

C. Results and discussion 

Observation Results  

 Based on table and graph data from the results of observations of surface 

temperature and humidity during the month of February at the Juanda-Sidoarjo Class 1 

Meteorological Station, using atmospheric variability characteristics between the night 

period (23.30 UTC) and the daytime period 11.30 UTC). Before the radiosonde observation 

at 00.00 UTC, surface observations were made at 23.30 UTC, then before the radiosonde 

observation at 12.00 UTC, surface observations were made at 11.30 UTC. As follows 
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Figure 1. Table of Temperature and Humidity Data from Surface Observations  

 

 

Figure 2. Temperature and Humidity Data Graph of Surface Observations at 23.30 

Based on temperature and humidity data from surface observations in February 

2026 conducted at 23.30 UTC, the temperature variability is relatively smaller compared 

to daytime observations, in the temperature range ranging from 24.3°C to 26.3°C.  With 

the minimum temperature recorded on February 28 of 24.3°C while the maximum 

temperature recorded on February 17 was 26.3°C.  This shows that if the temperature at 

night tends to be more stable at an average of 25-26°C, this reflects a more homogeneous 

atmospheric condition due to the absence of direct solar radiation. Meanwhile, the relative 

humidity at night showed relatively high values with a humidity range between 81% to 

96%. The maximum humidity recorded on February 16 was 96% while the minimum value 

recorded on February 25 was 81%. Because the high humidity at night is caused by a 

decrease in air temperature so as to reduce the air capacity to hold water vapor, therefore 
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the relative humidity will increase. This uses the principle of atmospheric thermodynamics, 

if the temperature is lower, the relative humidity will increase. 

 

Figure 3. Table of Temperature and Humidity Data from Surface Observations  

 

 

Figure 4. Temperature and Humidity Data Graph of Surface Observations at 11.30 

 Based on temperature and humidity data from surface observations during February 

2026 at 11.30 UTC. There is significant variation using two parameters, namely 

temperature and humidity. The air temperature data is recorded in the temperature range 

ranging from 24.6°C to 30.0°C, with the minimum value occurring on February 23 and then 

the maximum value occurring on February 25. This shows that temperatures tend to be at 

an average of 25-28°C, which is a typical thermal condition in the tropics. Meanwhile 

relative humidity can be shown to vary between 67% to 97%, with the maximum value 

recorded on February 3 while the minimum value recorded on February 25. The pattern 

that occurs shows a tendency to inverse the relationship between temperature and humidity, 
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as there is an increase in temperature followed by a decrease in relative humidity. This was 

recorded on February 25 when the temperature reached a maximum value of 30.0°C while 

for humidity it reached a minimum value of 67%, and vice versa which was recorded on 

February 2 the temperature value was 25.0°C then the humidity value was 96% and on 

February 3 the temperature value was 24.9°C with a humidity value of 97% so that on that 

date it had a low temperature value while for the humidity value obtained was relatively 

high. Therefore, the increase in temperature can increase the capacity of the air to 

accommodate water vapor so that the relative humidity decreases. 

 The fluctuations that occur indicate atmospheric dynamics influenced by local 

factors including solar radiation, evaporation processes and there is a possibility of 

convection activity. This variability can indicate that the surface sample conditions during 

the observation period in February were not constant but were influenced by the complex 

interaction between temperature and humidity. The data is used to describe the 

characteristics of surface atmospheric variability as a follow-up analysis of atmospheric 

stability and the potential for weather formation. 

  When comparing the two surface observation data at 23.30 UTC and 11.30 UTC, 

there was a significant difference in characteristics between day and night conditions. If 

during the day the temperature has greater variability and humidity will experience lower 

while at night the temperature is recorded to be more stable and the humidity is also 

relatively higher. The relationship between temperature and humidity at night (23.30 UTC) 

is not as strong as during the day (11.30 UTC), this is due to small temperature fluctuations 

that cause relatively limited changes in humidity. 

The data show a clear daily cycle in surface temperature and humidity variability. 

During the day, heating by solar radiation occurs which can increase the temperature and 

can also decrease relative humidity, while at night there is a process that causes the 

temperature to decrease and the humidity will increase. So that the pattern can reflect the 

atmospheric dynamics of the surface which can be controlled by the energy balance of 

radiation and the heat exchange process between the surface and the atmosphere.  

The relationship between inverse temperature and humidity seen in the data also 

has implications for atmospheric stability. So that if the temperature increases and the 

relative humidity decreases, the air capacity to accommodate water vapor will increase and 

then the air becomes drier relatively speaking. However, the absolute moisture content 

remains high because in this condition it can increase the potential for convection when 

further heating occurs [8] . 
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D. Conclusion 

Based on the results of the analysis of surface temperature and humidity data during 

February 2026, the variability of the two parameters shows a pattern strongly influenced 

by the daily cycle. During the day, the variability of air temperature tends to be higher and 

has a large variation, while the relative humidity will be lower. On the other hand, at night 

the temperature will be more stable and low, while the relative humidity will be higher. The 

relationship between temperature and humidity shows an inversely proportional tendency 

where the increase in temperature is caused by a decrease in relative humidity and vice 

versa. With this pattern, it can reflect the characteristics of atmospheric thermodynamics 

that often occur. If from the aspect of atmospheric stability in daytime conditions which 

shows a tendency for the astmosphere to be more labile due to surface heating which 

increases the vertical temperature gradient and supports the convection process. 

Meanwhile, night conditions tend to be stable due to surface cooling that inhibits the 

vertical movement of air. Therefore, the variability of surface temperature and humidity 

has a role in determining atmospheric stability conditions in radiosonde observations and 

the potential for the formation of weather phenomena. 
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