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Abstract. The evaluation of water availability is crucial in planning and manag-
ing irrigation system. Rainfall is a climatic element having a very important role
to provide crop water requirement. However, the amount of rainfall also depends
on other climatic factors such as air temperature, humidity, wind speed, and solar
radiation. Based on this problem, this study aimed at analysing the temporal pattern
of climate factors at the research location and evaluating water availability for irri-
gation through calculating the reference evapotranspiration (ETo). The descriptive
quantitative analysis approach was used. The research carried out by collecting the
data through field survey taking primary and secondary data. Data tabulation from
Cropwat version 8.0 software was used to analyse water availability from climatic
data. The results showed that the reference evapotranspiration (ETo) ranged from
4.28 mm/day to 5.73 mm/day. The peak of ETo is in January to May. The maxi-
mum ETo value is in April, while the minimum ETo value is in September. The
highest average maximum temperature occurs in November, which is 27.8 °C. The
highest average minimum temperature occurred in April at 26.1 °C. The highest
solar radiation duration is in November of 12.5 h. The highest wind speed is in
November, which is 71 km/day. The highest relative humidity of 88% occurs in
January and February. The high monthly rainfall in January is 287.0 mm/month
with an effective rainfall of 197.9 mm/month.
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1 Introduction

Water resources are important in the practice of agriculture. This is also regulated in Law
No. 17/2019 concerning Water Resources. Water resources are one of the main aspects
considered in the development of the agricultural sector [1]. This is because water is
a fundamental aspect for plants. Water is needed by plants for photosynthesis [2, 3],
growth and development [4, 5], mineral nutrient transport [6].
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The main input of water in an area generally comes from rainfall. However, the
amount of rainfall also depends on other climatic factors such as air temperature [7, 8],
air humidity [7, 8], solar radiation [9, 10], wind speed [7, 11], and air pressure [12]. In
Indonesia, agricultural activity is strongly influenced by the amount of rainfall. This is in
line with Nganji and Simanjuntak [13] stated that the planning and suitability of cropping
patterns is highly dependent on the intensity of rainfall in a particular area. Setting
cropping patterns is part of planning agricultural activities to aimed minimizing the risk
of crop failure. For example, Rahayu [14] states that to adjust the rainy period, in the rice
planting period, short-lived rice varieties can be selected. Nawungan agricultural land
has problems in terms of continuity water availability. In fact, the availability of water is
one of the factors that determine land productivity, where the main water source is highly
dependent on rainfall. Shallots are one of the leading commodities in Nawungan Hamlet
and its surroundings. The problem of water availability for shallot farming is a crucial
problem in this area. The general rainfall in the Selopamioro area is 1,564 mm/year
[15]. According to Idjudin and Marwanto [16], dry land has rainfall ranging from 1200—
3000 mm/year. Thus, Nawungan is a dry land area.

The availability of water in an area determines the level of land suitability for the
cultivation of certain plants [17]. This is because each crop commodity has different
water requirements. Therefore, it is necessary to analyze the climate during the rainy
season and during the dry season in order to determine the availability of water during the
rainy season and during the dry season and to meet agricultural water needs, especially
during the dry season.

CROPWAT is a computer program-based decision support system developed by the
FAQO’s Land and Water Development Division based on the Penman-Monteith method to
calculate the crop water requirements and irrigation requirements based on soil, climate,
and crop data (FAO, 2022). The Penman-Monteith method recommended by FAO 56
is the method that has the best results in determining the rate of evapotranspiration,
compared to other methods [18-23]. CROPWAT application used is expected to be able
to analyze climate factors during the rainy season and during the dry season which can
then be used to calculate crop evapotranspiration (ETc), reference evapotranspiration
(ETo), irrigation water needs for one type of crops or several types of crops. Based on
background as described above, this study aims to: (1) analyze the temporal pattern
of climate factors at the research location and (2) evaluate water availability based on
climatic data in the research location.

2 Methodology

The research is located on the Shallot Farm Area in Nawungan, Imogiri, Bantul Regency,
Special Region of Yogyakarta (7°57'46.29” S, 110°24'42.40” E). The climate parameters
that have been observed in this study are data from the Nawungan Selopamioro Weather
Station for 3 years from April 2019—March 2022. The reference evapotranspiration value
data and effective rainfall are then compared with various climatic factors or factors that
influence it.
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2.1 Materials

The tools used are as follows:

[

Computer, used to process data.

2. Microsoft Excel software is used to process climatological data sourced from AWS
and NASA POWER Web.

CROPWAT 8.0 software, used to process and analyze the data.

4. Calculator, used for data calculation.

et

2.2 Data Collecting

This research used secondary data as the main source of information to obtain climato-
logical information and the potential for evaporation that occurs. The data needed are as
follows:

1. Climatological data, such as air temperature, duration of sunlight, humidity, rainfall,
and average wind speed for the periode of 2022, sourced from private Automatic
Weather Station (AWS) in Nawungan.

2. Climatological data, such as length of sunlight, rainfall, and average wind speed for
the period of 2019-2021, sourced from the Automatic Weather Station (AWS) of
the Faculty of Agricultural Technology UGM.

3. Climatological data, such as the average air temperature and humidity for the period
of 2019-2021, sourced from online data of NASA POWER.

2.3 Data Analysis

CROPWAT software version 8.0 used to data analysis. The data processing carried out
in this software is in the form of the pattern of climate data, ETo (actual evaporation),
and the relation between ETo and each of climate parameters (air temperature, duration
of sunlight, humidity, rainfall, and average wind speed).

3 Result and Discussion

3.1 Maximum and Minimum Temperatures

The study area has a small annual range of minimum and maximum temperatures. The
difference in mean temperature between the warmest and the coldest month is mostly
less than 4 °C [24]. This is also illustrated in research [25] regarding temperatures in
several cities in the tropics which shows that the minimum and maximum temperatures
do have values that are not too much different. The maximum temperature range at the
research site ranges from 25-29 °C with an average maximum temperature throughout
the year of 27.3 °C and the highest maximum temperature during measurements occurred
in November 2019 of 29.14 °C.

The observed average minimum temperature and lowest minimum temperature were
24.68 °C and 23.10 °C in November, respectively. The minimum temperature range is
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Fig. 1. (a) Maximum and (b) Minimum temperature from April 2019 to March 2020 in the study
area

between 23-26 °C. In the tropics, the temperature doesn’t change much along the year
[26]. The minimum and maximum temperatures, with an average value of temperature
in the study area for a period of three years between April 2019 and March 2022, are
shown in Fig. 1.

3.2 Humidity

The study area is generally characterized by a relative constant humidity (Fig. 2). There is
no significant differences of humidity during a year. The maximum average air humidity
is (88%) and the minimum average air humidity is about 77%. Air humidity in the tropics
is relatively high, can reach 90%. Thirakomen [27] stated that in the tropical climate,
humidity stays high most of the time. The high humidity phenomenon is in line with
high temperature in the tropics. The tropical mean humidity increases with temperature
[28]. This is in line with Sobel’s [26] research that the higher the temperature, the more
water to evaporate into the air, as an impact the atmosphere becomes very humid.

3.3 Sunshine

Sunshine hour is also the main parameter used for estimation of evaporation. Mostly,
tropics has a constant sunshine hour which is 12 h/day. In further, the sun shines more
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Fig. 2. Monthly rainfall, humidity, and sunshine hours in the study area

directly on the tropics than on higher latitudes that causes the tropics warm [29]. As a
consequence, the pattern of sunshine hour affects significantly to the pattern of humidity
along the year as shown in the Fig. 2.

3.4 Rainfall

The rainfall pattern over the study area shows the dominant rainfall occurred in the period
of wet season (December to March), with a high rainfall average of 350 mm to 430 mm
monthly. However, Tropics is characterized with rain occurred all the year [24] even
though the intensity is getting lower during the dry season. The variability of rainfall in
Indonesia is highly dependent on the variability of the monsoon and the movement of
the ITCZ [30]. The respective data on air humidity, sunshine hours, and rainfall in the
study area are shown in Fig. 2.

3.5 Relation of ETo with Climate Parameters

Reference evapotranspiration or ETo is the amount of evapotranspiration with an unlim-
ited amount of available water to meet the optimum growth of the reference crop surface
that grows with sufficientirrigation [31]. The current method of estimating the evapotran-
spiration rate can be determined by various evapotranspiration methods [32]. However,
the most widely applied evapotranspiration method is the Penman-Monteith method
[23], as developed in the CROPWAT model. This has been proven by many studies that
use the Penman-Monteith method in measuring reference evapotranspiration rates such
as Steduto et al. [18] tested the Penman-Monteith method in the southern part of Italy
which has a semi-arid Mediterranean climate with the results showing that this method
is the best in predicting daily evapotranspiration rates, Temesgen et al. [20] also tested
the Penman-Monteith method in California, USA which was measured at 37 climate
stations in this region and the results showed a good correlation with evapotranspiration
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Fig. 3. The reference evapotranspiration (ETo) from April 2019 to March 2022
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Fig. 4. ETo VS maximum temperature from April 2019 to March 2022

rates; also reinforced by Saidah et al. [22] where the Penman-Monteith method is used
as a calibration against the Thornthwaite equation and Evaporation Pan for a limited
area in Indonesia.

There are three data required for CROPWAT analysis to measure irrigation water
requirement, i.e. climatic data, soil data, and crop data. In specific, climatic data is
important to analyze the reference evapotranspiration (ETo) of the study area. Climatic
dataneeded include humidity, minimum and maximum temperature, wind speed, rainfall,
and sunshine hours.

Based on the results of Cropwat 8.0’s analysis of climatological data from April
2019 to March 2022, it shows that the ETo value is volatile, with the peak of the graph
being in January to May. The reference evapotranspiration (ETo) was calculated from the
Penman—Monteith equation. The reference evapotranspiration ranged from 4.28 mm/day
to 5.73 mm/day (Fig. 3). The mean reference evapotranspiration (ETo) is 5.21 mm/day
with a total annual ETo of 62.46 mm/day. The maximum ETo value is in April, which
is 5.73 mm/day, while the minimum ETo value is in September, which is 4.28 mm/day.
Fibriana et al. [21] stated that the rate of evapotranspiration is strongly influenced by
factors of temperature, solar radiation, and wind speed.
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Fig. 5. ETo VS minimum temperature from April 2019 to March 2022

The graph of the relationship between the value of ETo and the maximum temperature
shows a relatively uniform pattern (Fig. 4). The highest average maximum temperature
occurred in November at 27.8 °C, followed by an increase in the ETo value from the
previous month to 5.01 mm/day. The graph of the evapotranspiration value tends to move
with changes in the maximum temperature. This concludes that the temperature and ETo
values have a straight comparison. In addition, Safitri [33] states that for tropical areas
where the temperature is relatively high, the daily average ETo value will range from
5-7 mm/day (see Fig. 5).

The graph of the relationship between the ETo value and the minimum temperature
shows a relatively uniform pattern, although it is not as significant as the maximum
temperature pattern. Almost all the decrease and increase in the minimum temperature
was followed by a decrease and increase in the value of ETo (Fig. 5). The ETo value moves
following the fluctuations in the minimum temperature value where the lowest minimum
average temperature occurs in July at 23.6 °C followed by a decrease in the ETo value
from the previous month to 4.92 mm/day. The highest average minimum temperature
occurred in April of 26.1 °C followed by the highest ETo value of 5.73 mm/day. It was
observed that ETo is higher starting from the transition period of wet into dry season
(January-February). It is due to the high temperature. It then decreases in the transition
period of dry into wet season (June-July) due to the low temperature. A decrease in
temperature accompanied by an increase in relative humidity can result in a decrease in
evapotranspiration [34].

The value of ETo and the duration of solar irradiation has a directly proportional
relationship. The longer the sunshine in a day, the higher the ETo value in the area, and
vice versa. Further, it was seen that an increase in radiation value brings an increase in the
ETo value, with the direct relation shown in Fig. 6. The annual mean ETo was calculated
as 7.49 mm. The low relative humidity, high temperatures, and high wind increased
evapotranspiration during the dry season [31]. The differences in ETo values reflect the
variation in weather parameters in the study area. The average length of sunshine in
a day is 12.2 h with the highest value being in October and November of 12.5 h with
an increase in ETo in the previous month, while the lowest value is in June of 11.7 h
followed by a decrease in ETo from the previous month which is 5.41 mm/day (see
Fig. 7).
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Fig. 7. ETo VS relative humidity from April 2019 to March 2022

Based on the graph above, the relative humidity value has a uniform pattern with the
ETo value. When the relative humidity had the highest value of 88% which occurred in
January and February, the ETo value also increased to 5.71 and 5.67 mm/day. Meanwhile,
the lowest value occurred in September at 77%, followed by a decrease in the lowest
ETo value at 4.28 mm/day. This is not in accordance with the theory, where basically low
relative humidity can lead to an increase in evapotranspiration during the dry season of the
year [3]. Conversely, if the relative humidity value is high, the air will become saturated
with water vapor so that the air temperature will decrease and the evapotranspiration
rate will also decrease or even stop [35]. The increase in the value of evapotranspiration
when the relative humidity value is high indicates that what affects the ETo value is not
only relative humidity but also wind speed (Fig. 8), temperature (Figs. 4 and 5), and
duration of sunlight (Fig. 6).

Based on the graph above, the relative humidity value has a uniform pattern with the
ETo value. When the relative humidity had the highest value of 88% which occurred in
January and February, the ETo value also increased to 5.71 and 5.67 mm/day. Meanwhile,
the lowest value occurred in September at 77%, followed by a decrease in the lowest
ETo value at 4.28 mm/day. This is not in accordance with the theory, where basically
low relative humidity can lead to an increase in evapotranspiration during the dry season
of the year [3].
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Fig. 9. ETo VS rainfall from April 2019 to March 2022

On the other hand, if the relative humidity value is high, the air will become saturated
with water vapor so that the temperature variation of the wind speed value is inversely
proportional to the ETo value. The picture above shows the higher the wind speed
value, the lower the ETo value is. The Nawungan area has an average wind speed of
50 km/day and has the lowest value in April of 22 km/day in which month ETo occurs
with the highest value of 5.73 mm/day. The highest wind speed is in November, which
is 71 km/day. The Nawungan area can be said to have a humid climate based on FAO
guidelines No. 56/1990 which describes an area as having a humid climate if the relative
humidity is high, ranging from 45-70%, but the wind speed is low below 1 m/s [31].
Fig will decrease and the rate of evapotranspiration will also decrease or even stop
[35]. The increase in the value of evapotranspiration when the relative humidity value
is high indicates that what affects the ETo value is not only relative humidity but also
temperature, wind speed, and duration of sunlight.

Based on Fig. 9, the graph shows a linear relationship between actual rainfall and
ETo. During the wet season in December—March, the ETo increased almost constant.
High rainfall in the wet season is able to supply the water needs for evapotranspiration or
even exceed it. Excess rainfall, according to Adiningrum [31], tends to fill soil moisture
and becomes a water surplus. During the dry season, excess rainfall in the previous wet
season will affect the ET value more than the rain that occurs during the dry season
itself [36]. This concludes that soil moisture during the dry season can be maintained
and sufficient to keep the ET rate equal or even higher than the rainy season. This is
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consistent with the graph for the dry month in May—September which has almost the
same ETo value during the wet season. Zhao et al. [37], explained that evapotranspiration
is responsible for about 50% of the annual rainfall in humid areas.

Effective rainfall has a uniform pattern with monthly rainfall (Fig. 10). The total
rainfall for the last 3 years that has been observed is 2136.9 mm and the effective rain
is 1127.6. Effective rain is the amount of rainfall that can be absorbed and utilized
effectively by plants to meet the crop water requirement [38]. Based on the graph above,
the months of December—March have high rainfall, with the peak of rainfall occurring
in January. High monthly rainfall in January of 287.0 mm/month resulted in an effective
rainfall of 197.9 mm/month, while the minimum monthly rainfall occurred in August of
66.0 mm/month with an effective rainfall of 46.2 mm/month. The total effective rainfall
is 1062.10 mm/year.

The large difference between rainfall and effective rain in months with high rainfall
indicates a lack of effective use of water in agriculture due to high rainwater losses such
as run-off. Meanwhile, in months with low rainfall, the difference between rainfall and
effective rain is relatively small, which means that the use of rainwater for agricultural
activities will be more effective. The calculation of effective rainfall for input into the
Cropwat program uses the average rainfall data of R80% per month [23]. Moreover,
the gap of actual rainfall and effective rain is potential to be stored in water harvesting
activities.

Rainfall is a climatic element that very important role to provide crop water require-
ment. The temporal distribution of rainfall will affect the appropriate commodities to
be applied as an effort to increase agricultural production. Especially since the territory
of Indonesia has two seasons, the temporal distribution of rainfall will greatly affect the
application of cropping patterns [39]. The temporal distribution of rainfall or rainfall
patterns in a year can be determined using the criteria of wet months and dry months
according to the Oldeman Classification. The pattern of rain data can help on regulating
cropping patterns and the water management in Nawungan area.
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4 Conclusion

Climatic factors have a strong influence on the formation of the peak of the reference
evapotranspiration (ETo). The most controlling climatic factors were maximum temper-
ature, solar radiation, and wind. It was supported based on the results of research the
Penman-Monteinth method through Cropwat 8.0 software that:

1.

2.

Each climate factor has a different effect on the formation of the reference
evapotranspiration (ETo).

The reference evapotranspiration (ETo) shows a uniform annual pattern with max-
imum temperature, minimum temperature, solar radiation, humidity, and wind fac-
tors. Variation in pattern occurs in the relationship of the reference evapotranspiration
(ETo) to rainfall.

The study area has the minimum and maximum temperature that are not too much
different, the high values of humidity in line with high temperature and in line with
a humid climate with medium to high rainfall.
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