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ABSTRACT
Rainfall variability is closely related to climate change in a region, and its analysis is very useful in measuring water availability for agriculture, especially for rice paddies. This study aims to analyze rainfall variability, focusing on the Paser Regency area. This study uses available rainfall data from all rainfall observation stations in Paser Regency and other nearby regions. The data was analyzed using simple statistical analysis, including annual, monthly, and daily averages. The mean of monthly and annual rainfall was calculated to check the rainfall. The rainfall analysis results show that Paser Regency receives an average annual rainfall of 2,275 mm/year, with an average number of rainy days of 143.5 days/year and a monthly average of 190 mm/month, with two distinct rainy periods.
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INTRODUCTION
Climate resources are a fundamental factor that must be considered in regional development, particularly in agricultural planning and water resource management. A region's climate resources are highly diverse and dynamic, making them difficult to predict, requiring specialized methods and techniques. Climate variability significantly impacts the growth of food crops such as rice. Under normal conditions, all these resources work together to achieve optimal production, supported by appropriate technology (1,2). Conversely, when one or more of these resources experience anomalies, agricultural yields will be negatively impacted. Repeated dry anomalies increase cropland expansion specifically in developing countries, which are characteristically dominated by small-holder farming, implying that cropland is expanded to compensate for lower yields Rainfall was one of the atmospheric parameters that is difficult to predict due to its large spatial and temporal variability, especially in tropical such as Indonesia (2,3). Rainfall variability can cause several problems, such as flooding and drought. The impact of rainfall variability in recent years has been particularly pronounced (3,4). Although statistically, each region has different climatic characteristics and manifestations, extreme fluctuations easily occur, often beyond tolerance. This situation shifts the role of climate factors from a beneficial natural resource to a constraint and even a threat (2,5).
Very significant changes occur in the climate will have a very drastic impact on human life and other living things. The form of impact that arises is in the form of many natural disasters and various kinds of changes related to vital sectors such as food security, safety and health (5,6). Air temperature and rainfall are two indicators of projected climate change. Both are crucial for agricultural systems. Air temperature plays a role in evapotranspiration and plant physiology, while rainfall is a source of water needed for photosynthesis (6,7). Observations over the past few decades indicate that disruptions to food availability and security are largely caused by natural disasters. The area of ​​food crops damaged by natural disasters, particularly drought and/or flooding, reached 64%, while the area of ​​food crops damaged by pests and other factors reached 36% (5,8). 
In general, each plant and/or group of plants has specific growth/life requirements for optimal production (6,9). In this regard, a region may only be suitable for certain commodities, but not for others. In other words, not every type of commodity can always be cultivated in every region if the growing requirements in terms of land are not met. Differences in land characteristics that include climate, especially air temperature and rainfall, soil (physical properties, morphology, soil chemistry), topography (elevation, slope), and other physical environmental properties can be used as a basis for consideration for initial selection in compiling agricultural commodity development zones (1,4,10).
One of the main disruptive factors affecting food security is fluctuations in climate/weather factors, particularly rainfall. Although these climate factors play a significant role in supporting agricultural development, particularly food crops, they are hampered by uneven rainfall distribution and occurrence (3,11). This is particularly true in areas lacking adequate irrigation facilities, where rainfall is the primary water source for food crop cultivation. Consequently, the existence and activities of agricultural enterprises in these areas are severely limited by rainfall and its intensity, depending on the time and location (1,3,12).
RESEARCH METHODS
This study took place in various areas in the Paser Regency of East Kalimantan Province, which is geographically located south of the equator with a position between 115° 36’14.5 “- 116° 57’35.03” East Longitude and 00° 45‘18.37“- 02° 27’20.82” South Latitude. Daily rainfall and temperature data were provided is owned by various agencies the Indonesia Agency for Meteorology, Climatology and Geophysics (BMKG), GTZ-TAD, Department of Food Crop Agriculture, BMKG Sultan Ajie Muhammad Sulaiman Sepinggan Airport - Balikpapan, PT. ITCI Hutani Manunggal - Kenangan, etc. In total, we analysed rainfall data from 18 stations of rainfall, record lengths where the longest temporal coverage was 48 years.
RESEARCH RESULTS AND DISCUSSION
a. General Overview of Paser Regency
Paser Regency is the most south Regency in Kalimantan Timur, exactly at 0⁰ 48' 29.44'' - 2⁰ 37' 24.21'' latitude and 115⁰ 37' 0.77'' - 118⁰ 1' 19.82'' longitude. The capital city of this Regency is Tana Paser. Border of Paser Regency is Kutai Barat Regency at the north, Penajam Paser Utara Regency as the northeast border, Makassar Strait as the east and Mamuju Regency (Sulawesi Barat), at the southern border is Kotabaru Regency (Kalimantan Selatan), at the southwest border is Balangan Regency (Kalimantan Selatan), Tabalong Regency as the western border, and the northwest border is Barito Utara Regency (Kalimantan Tengah). The area of the Paser Regency is 11,603.94 km2. This area consists of 10 subregencys and 144 villages. The largest area is Long Kali Subregency which has an area of 2,385.39 km2 and the fewest area is Tanah Grogot subregency in 335.58 km2 area (4,7).
Topographically and physiographically, Paser Regency has varying elevations, ranging from 0.0 m above sea level to >1,000 m above sea level. Most of the land within the Paser Regency administrative area has an elevation of <250 m above sea level, covering 957,255 hectares, or approximately 74% of the land area (4,7).
The topography of Paser Regency varies, with slopes ranging from 0% to >60%. The eastern part of Paser Regency consists of lowlands, gently sloping to undulating. The northern and southern regions, with extensive stretches of swamps and river basins, consist of extensive areas. The western region is undulating, hilly, and mountainous, with elevations reaching approximately 1,380 m above sea level. Most areas have slopes exceeding 40%, covering an area of ​​approximately 511,208 hectares. The topographic and physiographic conditions of Paser Regency can generally be said to represent the conditions of the East Kalimantan region, namely showing a positive correlation between land slope and height above sea level throughout the region. The higher the location of an area, the greater/higher the slope (4,7).
b. Rainfall Data Inventory
The stages of rainfall data analysis in evaluating data quality to fill in empty data or replace questionable and damaged data are completing the data, which is done by completing and filling in the data series from the monthly average value or replacing data in the same period from rainfall data originating from the nearest rain observation station, so that complete data is obtained with the same period (9,13). The rainfall data and rainy day (rd) data are arranged in a monthly format from various rain observation stations located in the Paser Regency area and its surroundings (14).
Rainfall data collected from 18 rainfall observation stations in Paser Regency and its surroundings show varying observation periods. All rainfall data are obtained and compiled in the form of daily, monthly, and annual data according to data availability. Rainfall observation and data collection in Paser Regency has been carried out since 1949 by the Public Works Department of East Kalimantan Province in collaboration with GTZ through the Transmigration Area Development Project (TAD), although not all rainfall events can be observed and data collected continuously throughout the period until now (especially 1959-1978 and 1981-1983) at all rainfall observation stations. The longest rainfall observation data is found at the Kuaro rainfall observation station (now BMKG) (1949-2025), while the shortest rainfall data is found at the Petung rainfall observation station (now BMKG) (1996-2025). The most complete, although not the longest, rainfall data was obtained from the Class II rain observation station (now BMKG) of Sepinggan Airport (now Sultan Aji Muhammad Sulaiman Airport) Balikpapan (1977-2025) and PT ITCI Hutani Manunggal – Kenangan, Balikpapan (1972-2025).
Table 1. Rainfall Observation Station (now BMKG)
	No
	Lokation
	Geografis

	1
	Babulu
	01024’ southern latitude, 116033’ East Longitude 

	2
	Balikpapan
	01024’ Southern latitude, 116049’ East Longitude 

	3
	Batu Sopang
	01023’ North Latitude, 116035’ East Longitude 

	4
	Kuaro
	01048’ Southern latitude, 116005’ East Longitude 

	5
	Long Ikis
	01036’ Southern latitude, 116011’ East Longitude 

	6
	Long Kali
	01029’ Southern latitude, 116020’ East Longitude 

	7
	Muara Komam
	01016’ Southern latitude, 116048’ East Longitude 

	8
	Penajam
	01038’ Southern latitude, 116046’ East Longitude 

	9
	Pasir Balengkong
	01058’ Southern latitude, 116012’ East Longitude 

	10
	Petung
	01057’ Southern latitude, 116041’ East Longitude 

	11
	Sepaku
	00057’ Southern latitude, 116043’ East Longitude 

	12
	Sei Ongka
	01054’ Southern latitude, 116035’ East Longitude 

	13
	Tanah Grogot
	01055’ Southern latitude, 116013’ East Longitude 

	14
	PT ITCI kenangan
	

	15
	Bandara Sepinggan
	01°16’ Southern latitude, 116°53′ Bujur Timu

	16
	Waru
	01023’ Southern latitude, 116040’ East Longitude 



c. Average Annual Rainfall
Based on rainfall data obtained from 16 rainfall observation stations/BMKG (Table 1), it is known that the average annual rainfall received by various areas in Paser Regency ranges from 1518 mm/year to 2628 mm/year, or an average annual rainfall of 2275 mm/year with an average number of rainy days of 143.5 days/year. Therefore, the average monthly rainfall in Paser Regency is 190 mm/month with an average number of rainy days of 11.9 days/month. The highest monthly rainfall occurs in January, at 265.0 mm with an average number of rainy days of 14.5 days/month, or an average daily rainfall of 18.4 mm/day. The lowest average rainfall occurs in September, at 96 mm/month with an average number of rainy days of 8.3 days/month, or an average of 11.6 mm/day. The rainfall diagram for Paser regency shows on how many days per month, certain precipitation amounts are reached.

Figure 1. Graph of average monthly rainfall in Paser Regency


Figure 2. Average monthly rainy days (rd) in Paser Regency
c. Rainfall Data Analysis
As previously mentioned, the rainfall data collected from various rainfall observation stations is partially incomplete. Some rainfall observation stations have long-term and complete data, particularly from the BMKG station at Sultan Aji Muhammad Sulaiman Airport, Sepinggan, Balikpapan. Others only have short-term and incomplete rainfall observations. Therefore, the rainfall data that has been collected and inventoried cannot be directly analyzed and used as intended.
In conducting rainfall data analysis, it is important to obtain data from as many rainfall observation stations as possible, with relatively similar data sets and observations over a long period. Therefore, some data obtained from rainfall observation stations with too short a period of observation are not used in this analysis (15)
To obtain an adequate rainfall data series with a relatively equal observation period between stations, certain steps must be taken (9, 16). For data missing for less than four months in a year, the average monthly rainfall value of the rainfall observation station is generated using the average rainfall data for the same months from the nearest rainfall observation station (17). For example, the short-term rainfall gap in Kuaro District has been filled with rainfall data from the Tanah Grogot or Batu Sopang District rainfall observation stations.
Based on the analysis of the average monthly rainfall graph for Paser Regency, it can be generally concluded that this region has distinct wet and dry months. In other words, the wet season (months with high rainfall or >100 mm/month) and the dry season (months with rainfall <100 mm/month) are clearly distinct (9,18). The distinct conditions of the wet season and dry season periods offer the potential for cultivating rice and secondary crops, particularly grain crops (rice, soybeans, corn, mung beans, sorghum, and others). Furthermore, it also offers the potential for cultivating certain crops that require hot weather conditions (relatively dry and high air temperatures) during the fruit ripening phase (e.g., mango, sapodilla, watermelon, melon, and others) (19). Next, the rainfall period conditions for each sub-district will be given as in table 2 below.
Table 2. Rainfall Observation Station (now BMKG)
	No
	Location
	High Rainfall Period
	Low Rainfall Period

	1
	Babulu
	November - May
	June - October

	2
	Balikpapan
	December - May
	June – November

	3
	Batu Sopang
	December - May
	June - November

	4
	Kuaro
	December - May
	June - November

	5
	Long Ikis
	December - June
	July - November

	6
	Long Kali
	November - May
	June – October

	7
	Muara Komam
	November – January
March - April
	February
May - October

	8
	Penajam
	December - April
	May – November

	9
	Pasir Balengkong
	December - April
	May – October

	10
	Petung
	December - April
	May – October

	11
	Sepaku
	November - January
	February – March

	12
	Tanah Grogot
	December - May
	July – October

	13
	Tanjung Aru
	November - May
	June – November

	14
	PT ITCI kenangan
	December - May
	June – October

	15
	Bandara Sepinggan
	December - May
	June – November

	16
	Waru
	December - June
	July - November


[bookmark: _ftn2]Although science and technology have provided means to mitigate risk from rainfall variability, resulting in a significant decrease in deaths related to floods and droughts in recent decades, rainfall’s inherent unpredictability continues to pose challenges to societal well-being. Rainfall anomalies have long occupied center stage in policy discussions, and understanding their impacts on agricultural production has become more important as climate change intensifies (3,20). Therefore, when selecting a location for developing a commodity, climate factors, particularly rainfall, must be the primary consideration, followed by other factors affecting the commodity in question (21,22). Climate data and information, particularly rainfall and air temperature, are essential for initial selection in identifying potential land and establishing agricultural commodity development strategies in a region (1,16, 23).
Increasing agricultural productivity is one of the goals for achieving national food security. Agricultural productivity itself is determined by numerous factors, including production factors, plant material factors, essential factors (light, water, and nutrients), climate factors, disturbance factors (pests, diseases, and weeds), land factors (land area), fertilizer use, and production costs (24). Of these factors, some are significantly determined by climate conditions, as changes in rainfall and air temperature, as climate parameters, are closely related to agriculture, affecting water resources, land resources, food production (rice, corn, soybeans), and pest and disease infestations (16,25).

CONCLUSION
At two rain gauge stations, there are some missing and inconsistent data entries, so the data needs to be supplemented and corrected. The climate elements in Paser district that are observed completely and are found in almost all areas are only the height of rainfall and the number of rainy days, with annual rainfall between 1518 - 2628 mm/year or an average of 2275 mm/year which on average occurs in 143.5 rd/year or 11.9 rd/month with an average monthly rainfall of 190 mm/month.
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