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Abstract: The shift from manual weather measurements to automation is almost inevitable. When 

switching to AWS (Automatic Weather Station), WMO requires parallel data testing between 

automatic and manual measurements to be performed. The purpose of this paper is to conduct a parallel 

test of AWS data using a simple statistical test that has been applied to three main weather parameters, 

namely temperature, pressure, humidity, rainfall, and wind direction and speed. The months of January 

and June were used as samples to represent the character of the wet and dry seasons in the Makassar 

monsoon area. The results of the analysis show that during the rainy season, only pressure and 

temperature are identical and homogeneous. Meanwhile, in the dry season, apart from these two 

parameters, humidity and wind speed are also homogeneous and rainfall is a non-homogeneous 

parameter in January and June. Both AWS and manual observations show that the influence of land-

sea winds in Makassar is very strong. Considering that there are inhomogeneous parameters, it is 

highly recommended to test for a longer time, taking into account the season, the influence of other 

global phenomena, the effect of missing data and incorrect data testing various methods of 

homogeneity and characteristics in each place and their effect on forecasts. 
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1. Introduction  

Since 2014, Badan Meteorologi Klimatologi dan Geofisika (BMKG) or the Indonesian 

Meteorology, Climatology and Geophysics Agency has determined that it will switch weather 

observations from manual to automatic in the entire BMKG weather observation network. One of the 

obstacles to improving the quality of data spatially and temporally is the limited capacity of human 

resources (untrained) and the difficulty of reaching certain locations [1,2]. Automation is one solution 

to improve the quality and quantity of BMKG observation data, both spatially and temporally. This 

modernization is very important to keep up with the digital era as well as to increase the quantity and 

quality of weather data so as to produce fast, precise, and accurate meteorological, climatological and 

geophysical information which is the current vision of the BMKG [3]. The problem that arises from 

the transition from manual to automatic weather observations is the suitability of the automatic 

observation data and the previous manual data [4]. This alignment effort requires parallel testing of 

these two data types. Meteorological observations manually (OBS) in the BMKG environment are 

generally obtained with standards, such as measuring instruments, observation method, time of 

observation, reporting, location, and equipment park [5]. But as technology advances, many things 

become recorded, digitized, and automated. Even in the 2020 era, there are demands for memorization, 

which inevitably BMKG also has to adjust.   

The term automatic weather observation according to the World Meteorological Organization 

(WMO) is weather observations obtained from weather equipment that can record and transmit data 

automatically [6]. This collection of equipment that measures several weather parameters is known as 

an automatic weather station. In contrast to manual weather observations, which are weather 

observations using a tool whose observations are recorded manually. One way to maintain the quality 

of observational data is to conduct measurement alignment automatically and manually within a 

minimum period of a year or two years and check for differences [7]. However, the WMO suggests 

that it is necessary to parallelize automatic weather observations over a certain period [8]. This process 

requires data from AWS to meet quality control (QC) requirements with statistical methods. The results 

of this quality control are very important in producing realistic and validated data that can be used as 

a basis for claiming that the data on the spot is a continuation of the previous manual observation.  

A comparison of automatic and manual data in China found that there were variations in rainfall 

and air temperature, although they were still within tolerable limits [9]. However, this difference could 

be caused by a change in the tools used [10] or the data is not homogeneous [11]. The difference 

between these two types of measurement may be quite significant in the long run [12]. According to 

the research report in the Indonesian region, it shows that bias occurs during extreme conditions [13]. 

The difference between these two measurements is also influenced by location, where these two types 

of data are not normally distributed and are not homogeneous [14]. 

The coastal area which is the border of the sea and land is influenced by diurnal circulation in the 

form of sea breezes and land breezes. Likewise, Makassar City, which borders the Makassar Strait and 

the Java Sea, is significantly influenced by monsoon circulation and local wind circulation on land and 

sea [15]. The monsoon cycle can be seen from the nature of the rain that changes every half year, while 

the presence of land-sea winds can be detected by the dominant changes in westerly and southeasterly 

winds almost throughout the year in this city. If the estimation of rainfall using satellites that are very 
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far away is quite good in this place compared to other places in South Sulawesi, are the measurements 

using AWS also less different than manual data [16–18]. Considering that weather observations will 

be transferred automatically and most of Indonesia’s population is located in coastal areas, this change 

should not reduce the accuracy of meteorological data. Parallel comparison between these two 

measurements becomes very important to do. Therefore, the purpose of this study is to calculate and 

analyze the parallel measurement bias between manual parameter observations and automatic 

measurement data in coastal areas with monsoon patterns. 

2. Materials and methods 

2.1. Data and location 

This study uses weather observation data in Makassar City, to be precise at the Paotere maritime 

meteorology station. As a city that has a strategic position because it is at the crossroads of trade 

traffic lanes, Makassar is a city that is developing very rapidly both in terms of economy and 

population dynamics. Makassar City is located at coordinates 1190BT and 5.80LS with an elevation 

of 1–32 meters above sea level. This tropical city is always warm all year round with air temperatures 

ranging from 20 ℃ to 39 ℃. The weather observation location is located in Paotere, which is the 

heritage port of the Gowa Sultanate—Tallo Perahu which is located in Ujung Tanah District, Makassar, 

South Sulawesi. This port is ± 5 km from Makassar City Square (Karebosi Field). Paotere is one of the 

most historic heritage folk harbors that still survives and is a testament to the legacy of the Gowa-Tallo 

Sultanate since the XIV century, where the 2nd King of Tallo Karaeng Same ri Liukang once 

dispatched 200 Phinisi Boat fleets to Malacca. Currently, Paotere Harbor is still normally used as a 

place for people’s boats to dock, such as the phinisi and lambo. This place is also a trading center for 

fisherme’s catch, which can be seen along the road in the harbor lined with shops selling various types 

of dried fish, and fishing equipment, as well as several seafood restaurants. According to Baharuddin, 

who works as a supervisor at Paotere Harbor, the word Paotere comes from the word Otere, which is 

a rope used in ships that dock. The location of the AWS equipment and manuals is near the Paotere 

fish auction as shown in Figure 1. Recorded in the last 10 years, the maximum annual rainfall reached 

3693 mm in 2017 and the highest rainfall intensity in an hour reached 110 mm on December 16, 2014. 

The location of manual observation equipment is in the world standard meteorological instrument 

park [15]. Manual equipment consists of various types, for example a digital barometer which is 

recorded every hour by the brand Vaisala, a digital anemometer produced by RM Young 26800, a 

manual rainfall meter which is measured every 3 hours and air temperature using a Schneider mercury 

thermometer. While, automatic weather station is produced by Vaisala and is located close to the 

Makassar Strait waters than the tool park. Unlike the manual rain gauge, the AWS rain gauge is a 

tipping bucket type with a sensitivity of 0.5 mm. The distance of the automatic weather system to the 

meteorology cage in the tool park is about 10 meters as shown in Figure 1. The anemometer elevations 

of these two types of tools are the same height, which is about 10 meters, while the temperature and 

humidity sensors are 50 cm apart. The data used in this study is data on all-weather parameters obtained 

by both types of observations. Humidity, air pressure, average, minimum, and maximum temperature, 

rainfall and wind direction and speed. January was chosen to represent the difference between 
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observations using AWS and manual when there was a lot of rain, while June was to represent the dry 

season. The temporal resolution of AWS is very high, where data can be degenerated in 10 minutes, 

while the highest manual observation data can only be every hour. Both types of observations use the 

world standard time of the UTC universal time coordinate so that comparisons can be made directly. 

 

Figure 1. Location of AWS and manual weather observation equipment at Stamar Paotere 

Makassar. 

2.2. Methods 

In general, automatic and manual measurements of weather data generally have an abnormal 

distribution, but the homogeneity test generally shows that both are homogeneous [14,19–22]. The 

value of the difference between these two measurements is visible when using the calculation of the 

root mean square error, and correlation [13,23–25]. The difference between automatic and manual 

measurements in this study uses six methods, namely homogeneity analysis, statistical comparison of 

values and visually using wind rose for wind direction. The wind variable is a vector quantity that is 

very difficult to distinguish using only numbers. Visualization in this research uses wind rose because 

it is easy to analyze and can describe the distribution of wind distribution very clearly. Meanwhile, to 

calculate the difference between automatic and manual measurement results, correlation, root mean 

square error (RMSE), and mean absolute error (MAE) were formulated using Eqs (1)–(3).  

𝑟 =
∑ (𝑂𝑖−�̅�)(𝑀𝑖−�̅�)𝑁

𝑖=1

√∑ (𝑂𝑖−�̅�)2𝑁
𝑖=1 √∑ (𝑀𝑖−�̅�)2𝑁

𝑖=1

, (1) 

𝑅𝑀𝑆𝐸 =
√∑ (𝑀𝑖−𝑂𝑖)2𝑁

𝑖=1

𝑁
, (2) 
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𝑀𝐴𝐸 =
∑ |𝑀𝑖−𝑂𝑖|𝑁

𝑖=1

𝑁
, (3) 

where N is the number of observations, O is the value of the weather parameter in the automatic tool, 

M is the value of the weather parameter in the manual, �̅� is the average value of the weather parameter 

in the automatic tool, �̅� is the average value of the weather parameter in the manual.  

Correlation (r) measures the strength and direction of the relationship between variables [26]. The 

correlation value ranges between −1 and 1, where a value of 1 indicates a strong relationship between 

variables and is considered to have no relationship if the correlation is 0. A positive sign indicates a 

change in the direction of the variable in the same direction, while a negative sign indicates a change 

in the opposite direction. Much of the literature on correlation statistics is divided into 5 classes, 

namely uncorrelated (0.00–0.20), weak (0.21–0.40), moderate (0.41–0.60), strong (0.61–0. 80) and 

very strong if the value is > 0.80. Karaseva et al. and Prasetia et al. divide the correlation, which is 

strongly correlated if the value of r ≥ 0.50 [1,27]. Although there are also many evaluations of remote 

sensing rainfall estimates, the category of strong and weak correlation is not stated [28–32].  

RMSE and MAE values are measures of deviation between automatic and manual tools. If each 

deviation is added up and divided by the amount of data, then the average size of the deviation is 

obtained. But the direct addition will cause each other to cancel the value of the deviation if there are 

positive and negative values. In contrast to the use of absolute values which will reduce the nature of 

mutually canceling deviations. This calculation is known as the mean absolute error or MAE. The 

weakness of the negating nature of the number of deviations can also be eliminated using the root mean 

square error or RMSE because each deviation is squared which automatically results are all positive. 

It’s just that RMSE is sensitive to the value of outliers or outliers [31]. In contrast to the homogeneity 

test, which is a test of whether or not the variances of two or more distributions are equal. The 

homogeneity test that will be discussed in this paper is the homogeneity test of variance. The statistical 

homogeneity test was carried out to determine whether the data in the automatic weather variable O 

and manual M were homogeneous or not using varied data [33]. Equation (4) is the variance 

formulation which is applied to the results of manual and automatic observations. 

𝑉𝑎𝑟𝑜 = √
∑ (𝑂𝑖−�̅�)2𝑁

𝑖=1

𝑛(𝑛−1)
, 

𝑉𝑎𝑟𝑀 = √
∑ (𝑀𝑖 − �̅�)2𝑁

𝑖=1

𝑛(𝑛 − 1)
. 

(4) 

To test for homogeneity, the F test was used.  

𝐹 =
𝑉𝑎𝑟𝑜

𝑉𝑎𝑟𝑀
 . (5) 

The F value is obtained from Fisher’s statistical table. Equation (5) is used if the automatic 

variance is greater than the manual one. If the opposite happens, Eq (5) must be reversed with the 

automatic variance as a divisor, so that the result is that the F value is always greater than or equal 

to 1. While the test hypothesis H0: 𝑉𝑎𝑟𝑜 = 𝑉𝑎𝑟𝑀, H1: 𝑉𝑎𝑟𝑜 ≠ 𝑉𝑎𝑟𝑀. 
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Besides statistical calculations and homogeneity tests, wind rose diagrams are also used. This is 

because the direction variable cannot be directly tested using numerical calculations. 

3. Results 

Based on the homogeneity test, it was found that not always these two types of measurements are 

homogeneous. The amount of rainfall and its value greatly affect the homogeneity of AWS 

measurements and manual observations. In January only the results of temperature and pressure 

measurements were homogeneous as can be seen in Table 1. The F test values for wind speed, humidity 

and rainfall were greater than the F table values, which means that the AWS and manual data for these 

parameters were not homogeneous. 

Different results were obtained from the calculation in June 2020, where in this month the rainfall 

was very rare. Based on the homogeneity test, only rainfall that is not homogeneous from the two types 

of measurements is obtained. The least amount of rainfall affects the homogeneity of AWS 

measurements and manual observations. This month only the results of rainfall measurements are not 

homogeneous as can be seen in Table 2. The F test values for wind speed, humidity and rainfall 

parameters are smaller than the F table values, which means that AWS and manual data for these 

parameters are homogeneous. The statistical comparison between AWS and manual using Correlation, 

RMSE and MAE in January and June can be seen in Tables 3 and 4. Except for rainfall, the correlation 

between the two types of data is generally strong to very strong. Measurements of temperature, 

pressure, and humidity are very strong with a correlation of more than 0.9, in contrast to wind speeds 

of only 0.76 to 0.81. While the rainfall in the two measurements is very weak correlation. AWS and 

manual deviations for temperature, wind speed and rainfall bias values are higher during the rainy 

season compared to when there is no or infrequent rain. Meanwhile, at the same time, the pressure and 

humidity values are usually higher during the dry season. 

Table 1. Homogeneity test January 2020. 

Parameter Temperature Pressure Speed wind Humidity Rainfall 

Variance-AWS 5.660 2.699 12.876 75.470 27.213 

Variance-OBS 5.914 2.675 9.133 66.170 73.364 

Fcount 1.045 1.009 1.410 1.141 2.696 

FTabel 1.128 1.128 1.128 1.128 1.233 

Decision Homogeneous Homogeneous Non-homogeneous Non-homogeneous Non-homogeneous 

Table 2. Homogeneity test June 2020. 

Parameter Temperature Pressure Speed wind Humidity Rainfall 

Variance-AWS 5.131 1.581 4.101 95.616 0.192 

Variance-OBS 5.189 1.561 3.544 96.718 0.320 

Fcount 1.011 1.013 1.157 1.011 1.664 

FTable 1.131 1.131 1.365 1.131 1.237 

Decision Homogeneous Homogeneous Homogeneous Homogeneous Non-homogeneous 
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Table 3. Correlation statistics of correlation, RMSE, and MAE January 2020. 

Parameter Temperature Pressure Speed wind Humidity Rainfall 

Correlation 0.970 0.980 0.810 0.940 −0.100 

RMSE 1.430 0.340 2.090 3.430 10.560 

MAE −1.320 0.000 0.180 1.590 −1.590 

 Table 4. Correlation statistics, RMSE and MAE June 2020. 

Parameter Temperature Pressure Speed wind Humidity Rainfall 

Correlation 0.970 0.970 0.760 0.920 0.900 

RMSE 1.540 0.370 1.410 4.400 0.250 

MAE −1.450 0.180 −0.340 2.080 −0.010 

The homogeneity test resulted in significant differences in wind and humidity values from January 

and June, both of which were not homogeneous in January and became homogeneous in June. In the 

wind, in addition to the wind speed component, there is a wind direction component that should be a 

comparison. The comparison of the wind and its direction is carried out using wind rose as shown in 

Figure 2 for January and Figure 3 for June. 

 

Figure 2. Windrose AWS (a) and manual (b) January 2020. 
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Figure 3. Windrose AWS (a) and manual (b) June 2020. 

In the rainy season, the dominant wind direction comes from the west, but the east wind is the 

second most common in Makassar. This condition is a consequence of Makassar’s location on the 

seafront, so that the influence of land-sea winds is evident, both AWS and manual data. The influence 

of the land sea breeze is always there in the rainy season months such as January, as well as in the dry 

season in June. In the dry season, where the east wind is dominant, it is seen in June, but the wind is 

both westerly. There are always east and west winds due to the location of the city of Makassar facing 

west on the ocean, which can be seen in the emergence of land-sea wind circulation. When viewed 

from the deviation of the wind speed, it seems that the magnitude of the wind speed in January has an 

effect on the homogeneity test. 

The difference in measurement results between AWS and manual can also be seen from the 

boxplot graph that describes the quantile distribution. Data with high disparity means the quantile value 

will be very different from data with low distribution. The distribution of quantile values for each AWS 

and manual parameter can be seen in Figures 6 to 13. 

The pressure values in January between AWS and manual are almost the same as in Figure 4, 

while there are slightly different in June. Manually measuring pressure results in slightly lower values 

than using AWS. The range of automatic measurement is also slightly higher than that of manual 

measurement as shown in Figure 5. 



9 

AIMS Environmental Science  Volume 10, Issue 1, 1–15. 

 

Figure 4. Comparison boxplot of pressure January (a) and June (b) 2020. 

 

Figure 5. Comparison boxplot of temperature January (a) and June (b) 2020. 

 

Figure 6. Comparison boxplot of wind speed January (a) and June (b) 2020. 
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Temperatures in January and June on measurements using AWS and manual have almost the same 

pattern as in Figure 6. The results of manual measurements are slightly higher than those of automatic 

measurements. The median and first and third quantile values in manual observations tend to be higher 

than AWS, both in January and June. 

A different pattern was found in wind speed measurements, where in January, AWS data showed 

a very high disparity compared to manual observations. Meanwhile, in June this measurement disparity 

is smaller compared to January which has a lot of rain as shown in Figure 6. The rainfall homogeneity 

test resulted in a non-homogeneous conclusion in January and June. The difference will be clearer by 

comparing the two measurements using a plot series of rainfall data as shown in Figures 7 and 8. 

Generally, the manual measurement results were much higher in the month where rainfall fell a lot, 

namely January which was seen in Figure 7. When the rainfall value is 30 mm/hour, AWS records a 

smaller value than the manual. Even in the event of rain with an intensity of more than 60mm/hour, 

the AWS value is very small compared to the manual rainfall rate.  

Rain detection on AWS and manual looks better in the dry season in June. Only when it rains 

below 1 mm/hour, where manual equipment does not record rain, AWS is more sensitive to recording 

rainfall. However, it seems that the sensitivity of AWS equipment in the dry season is reduced when 

the rainfall is more than 4 mm/hour. When the rainfall has high intensity, AWS slow records the 

rainwater that enters the device. This may be because the tipping bucket movement did not record 

rainfall. However, if you look at the amount of rain the next day, it seems that the lack of rainfall on 

AWS will be recorded the next day as shown in Figure 8. 

The conditions are different compared to June where the rainfall is not too much. This month the 

boxplot chart shows a higher variance in the AWS measurements than the manual, although in fact the 

rainfall values may be almost the same. In June, the intensity of rain fell is low, this makes it somewhat 

sensitive to variance so that the homogeneity test shows that it is not homogeneous. The boxplot results 

on humidity are almost the same as the temperature boxplot, where the manual data pattern is lower 

than AWS as shown in Figure 9.  

 

Figure 7. Comparison histogram of rainfall January 2020. 
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Figure 8. Comparison histogram of rainfall June 2020. 

 

Figure 9. Comparison boxplot of humidity January (a) and June (b) 2020. 

4. Discussion 

The results of manual measurements and AWS produce data that is partially homogeneous, but 

sometimes also not homogeneous. In the rainy season, the difference between the two types of 

measurements is greater than in the dry season. Based on the boxplot graph, it shows changes in 

variability due to the magnitude of the measured parameter values, where humidity and rain are very 

sensitive to the disparity of measured values. 

In January the pressure on AWS was about the same as the manual. In addition, based on the 

homogeneity test and boxplot graphs, it is shown that the two measurements are very similar. However, 

this condition changes during the dry season, where the pressure on AWS is higher than the manual 

results. Based on the temperature boxplot graph which shows the higher AWS temperature disparity 

compared to manual, it is suspected that it will have an effect on the air density at the location where 

the equipment is installed. Due to the air density affecting the pressure, automatically in June this air 

pressure also experienced a disparity in value between AWS and manual. Rapid changes in air are 
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caused by the lack of water vapor content that can store latent heat which results in rapid changes in 

air pressure. However, this change is not too much value at temperature and pressure. The quantiles of 

temperature and pressure during the dry season are around the average.  

In contrast to humidity, which during the rainy season tends to be very high in value or wetter 

when it rains, and then decreases when it is sunny, the disparity during the rainy season is higher than 

during the dry season. As a result, the homogeneity test during the rainy season, AWS and manual 

homogeneity tests concluded that it was not homogeneous. The location and elevation of the AWS 

sensors near the sea may have an effect on the rapid changes in air properties around the seaside 

compared to areas that are further away such as in the tool park, especially between the tool park and 

the AWS sensor there is a separator that is sufficient to block the wind. Both AWS and manual 

observations show that the influence of land-sea winds in Makassar is very strong. During the rainy 

season, where the dominant wind direction should only be from the west or around the west, but the 

easterly wind appears to be the second most common in Makassar. Both AWS and manual observations 

show the same result. This is reinforced during the dry season, where the east wind or around the east 

should be very dominant, but the results of the analysis show that in June the dominant wind is both 

westerly winds. There are always east and west winds due to the location of the city of Makassar facing 

west on the ocean, which can be seen in the emergence of land-sea wind circulation. When viewed 

from the deviation of the wind speed, it seems that the magnitude of the wind speed in January has an 

effect on the homogeneity test. 

Precipitation is the most consistently different weather parameter between manual measurement 

and automatic observation or AWS. Both in January and June obtained the homogeneity test resulted 

in a non-homogeneous conclusion. In both rainy and low-rainy months, manual measurement is higher 

than automatic measurement. The disparity between the two types of measurement results in an 

inhomogeneous between AWS and manual. Based on the properties of these two types of 

measurements, it is possible to distort the results of observations. The first is time resolution, where 

AWS records every 10 minutes while manual observations every hour. In manual measurements, rain 

is even recorded every three hours so that the temporal resolution is very different. The AWS rain 

gauge type is tipping bucket, while manual observation is capped using gauge degrees. The second, 

according to the technician, there is a possibility that the electric current will weaken so that the rainfall 

record will be disrupted when the intensity of rainfall starts to increase. However, the comparison in 

this research uses data every 3 hours so that the AWS and manual rainfall values should not be much 

different. But given the inhomogeneity of the two and the obvious differences there are likely AWS 

tools to look out for. 

5. Conclusions 

Based on the comparative analysis of AWS and manual measurements, the homogeneity of these 

two types of measurements can change at any time with the following details:  

1) During the rainy season, only pressure and temperature are identical and homogeneous. 

Meanwhile, in the dry season, apart from these two parameters, humidity and wind speed are also 

homogeneous and rainfall is an unstable parameter in January and June. The homogeneity test is 

very sensitive to very different values, where humidity and rainfall are very sensitive to the 
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disparity of measured values.  

2) Both AWS and manual observations show that the influence of land-sea winds in Makassar is very 

strong. During the rainy season, where the dominant wind direction should only be from the west 

or around the west, but the easterly wind appears to be the second most common in Makassar.  

3) Both AWS and manual observations show the same result. This is reinforced during the dry season, 

where the east wind or around the east should be very dominant, but the results of the analysis 

show that in June the dominant wind is both westerly winds.  

4) There are always east and west winds due to the location of Makassar city which faces west on 

the ocean, it can be seen in the emergence of land-sea wind circulation. The homogeneity test is 

very sensitive to very different values, where humidity and rainfall are very sensitive to the 

disparity of measured values. 

AWS and manual observations show that the influence of land-sea winds in Makassar is very 

strong. During the rainy season, where the dominant wind direction should only be from the west or 

around the west, however, the easterly wind appears to be the second most common in Makassar. This 

is reinforced during the dry season, where the east wind or around the east should be very dominant, 

but the results of the analysis show that in June the dominant wind is both westerly winds. There are 

always east and west winds due to the location of Makassar city which faces west on the ocean, it can 

be seen in the emergence of land-sea wind circulation.  
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