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Abstract. The consumption of water grows continuously along with the increasing the amount
of population. The watershed as a reservoir is being the main hope for maintaining the
availability of water sources. Estimating the potential of water availability can be done by
using the Thornthwaite-Mather water balance method. This study was conducted to determine
the potential of water availability in the Maros watershed. The Thornthwaite-Mather method
uses a suwrplus and deficit approach through water balance equation. Potential
evapotranspiration (Etp) was calculated using daily temperature average data while we
assumed that the actual evapotranspiration (Eta) value is equal to ETp value if wet month, and
in dry month equal to rainfall minus AST. The water storage to the ground (AST) was
computed from the value of water holding capacity (WHC) based on land area, vegetation type
and soil type. The results of the analysis show that the average rainfall in the last five years
(2014-2018) is 3005.7 mm year', while ETp, ETa, and AST are 1834.3 mm year', 1480.1 mm
year’' and 360 mm year', respectively. The water surplus in the Maros watershed reached
1678.1 mm year' with a deficit of 354.3 mm year".

1. Introduction

Water is an element that is widely used to meet human needs in various aspects of life such as daily
needs (household), industry, and in agriculture. The many aspects that must be met become a problem
for the availability of water resources [1]. The amount of water resources neBJis certainly seen from
the number of consumers and the amount of consumption per consumer. Based on data from the
Central Statistics Agency of Maros, the number of population every year continues to increase over
the last ten years (in 2007-2017) with the lowest number of 3,231 people and the highest of 8,231
people with an average of 4,672 people per year. Humans is the main water users and from the
population growth rate [1,2], it can be assumed that the need for water resources also increases .

One of the efforts in maintaining the availability of water is by using a reservoir knowifghs a
watershed. Meeting the water needs of an area utilizing water resources from the watershed. As stated
in the Government Regulatifij of the Republic of Indonesia article 1 No. 37 0f 2012 that the watershed
functions to accommodate, store and drain water originating from rainwater. The main function of the
watershed is to provide sufficient and sustainable water resources, reduce the amount of movement of
soil particles and provide a high-quality drinking water supply. The watershed serves the water users
both in the upstream and downstream areas [3]. However, the biophysical characteristics of the
watershed as a processor in responding to the rainfall that falls in the watefghed area has an influence
on the size of evapotranspiration, infiltration, percolation and surface flow [4].
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Water balance calculation is needed to give an idea actually regarding the availability of water in
the watershed. As it is known that the water balance is the most important component in a
hydrological system. Water balancdfsimply the amount of rainwater that falls into the ground minus
evaporation and surface runoff [5]. The quantity or amount of water can be calculated with one simple
model that estimates the monthly water potential by the Thornthwaite-Mather method. Estimation of
monthly water potential by the Thomthwaite-Mather method has been studied in the Wuryanto Sub-
watershed, Wonogiri and the results have a high correlation with the results of field measurements [6].

In addition, according to Tamba et al [6], Thorntwaite-Mather method is very easy because it only
uses some data that is easily obtained, namely rainfall data as input, vegetation data as land cover, air
temperature data, and soil physical properties data. From these data it can be seen the amount of water
availability or shortages (deficits) without requiring water level data. In contrast to the Blaney-Criddle,
Penman, Makkink and Priestly-Taylor methods, quite a lot of data such as temperature, radiation, wind
speed, air humidity are quite difficult to apply in areas that do not have complete climate data.

Based on the description above, this study aims to determine monthly surplus and deficit in the
Maros watershed and the potential availability of Maros watershed using the Thornthwaite-Mather
method. The magnitude of the potential availability of water is a source of information and
consideration for those who use water resources and / or policy makers in making decisions such as
the amount of water flowed, flood estimation and prevention, agricultural potential and other
problems, mainly for the availability of sustainable water sources. In addition, the usefulness of
knowing water conditions in surpluses and deficits can anticipate possible disasters, and can also be
used to utilize water as well as possible [7].

2. Methodology

This study was located in the Maros watershed where 93% of the area is in the Maros Regency (Figure
1). The total area of the Maros watershed is 73590 Ha. Geographically the Maros watershed is located
at 4 °58'37 "-5°12'4.16" LS and 119 © 28'33.75 "-119 © 54'53.40" East. The Erelembang River is the
main river of the Maros watershed with its headwaters in the Buttono Pao District of Gowa Regency
and the estuary in the Makassar Strait.

4;-

Figure 1. Maros watershed area

In this study using secondary data including rainfall and temperature (2014 - 2018) sourced from
the Maros Climatology Station, BMKG, watershed administration map sourced from KMENLHK in
2013, Sulawesi soil type scale 1: 250,000 sourced from the Research Center Bogor Land in 2013, as
well as a 1: 50,000 scale land use map sourced from the Ministry of Environment and Forestry
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(KMENLHK) in 2013. The most important factor for calculating water balance is the availability of
precipitation data besides air temperature, land cover and soil type and condition in the study area [8].
Potential water availability was calculated based on the Thomthwaite-Mather method using the
surplus and deficit approach where:

2.1. Surplus (S)
The surplus was calculated using following equation:

S=(P-ETp)-AST...... (1)

Where S = surplus / excess (mm / month), P = rainfall (mm / month), ETp = potential
evapotranspiration (mm / month), AST = Change in soil moisture (mm). The potential
evapotranspiration value (ETp) is calculated using the Thornthwaite Mather (1957) method using the
equation:

10.7\%
ETp- f 16(7) )

Where: f = correction factor based on the location of latitude, T = Temperature (° C), a = constant
value based on the value of [, I = The magnitude of the annual heat index calculated by:

[:EG)LSM AAAA 3

Furthermore, the amount of change in soil moisture (AST) is calculated by reducing the value of
soil moisture (Storage = ST) in the month concerned with the value of ST in the previous month. ST is
determined based on wet and dry months. It says a wet month if P> Etp and a dry month if P <Etp. ST
in the wet month is calculated using the equation:

In the dry months, the ST value for each month is calculated using the following formula:

ST = Sto. e APWL/=Sto) (4)

Where, Sto = maximum water thickness that can be stored at each depth of soil layer (mm), e =
navier number (e = EJ18), APWL = accumulation of potential groundwater loss (mm / month).
APWL value is the monthly accumulation value of the difference in precipitation and potential
evapotranspiration (P-ETp). Calculate APWL in the following way:

- APWL = (P-Etp), — (P-Etp)s. , If the dry month (P <ETp), where (P-ETp),. is the value (P-

ETp) of the previous month
- APWL = 0, If the month is wet (P> ETp)

2.2. Deficit (D)
The deficit wass obtained by calculating the difference between ETp and Eta:

Where, Etp is potential evapotranspiration (mm/month), Eta is actual evapotranspiration (mm/month).

3. Results and discussion

Climatology conditions in the Maros watershed over the past five years (2014 - 2018) can be seen in
Figure 2a and 2b. The highest average rainfall was in January, reaching 681.1 mm / month and the
lowest average rainfall was in August which is 8.1 mm / month. Furthermore, the average monthly
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temperature ranges from 26.6 °C to 28.3 °C. The highest temperature occurs in October while the
lowest temperature occurs in January.

In this study, there are several components that must be available to obtain the results of the
analysis. The overall components are presented in Table 1. This study uses the main data in the form
of rainfall data (P), temperature (T), and land use. The important points in this study are the amount of
incoming water (P) and the magnitude of the potential for water loss through evapotranspiration (ET)
and changes in soil moisture (AST).
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Figure 2. Climatology condition (a. Rainfall and b. Temperature) in Maros watershed during
2014 to 2018.

Figure 3 shows the potential for monthly water availability by the Thornwaite-Mather method. The
potential yield of water in the Maros watershed is assumed to be a surplus and the deficit is a deficit.
The diagram shows the amount of rainfall is directly proportional to the amount of potential water
availability. However, it is inversely proportional to the deficit value. The smaller the rainfall falls, the
smaller the water potential so that a deficit can occur. Rainfall that continues to decline will increase
the deficit. Conversely, high rainfall will increase the amount of available water (surplus).
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Figure 3. The water availability in Maros watershed
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Table 1. the water balance that occurs in the Maros watershed is described in various components

Parame- Month

tars Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
P (mm) 681.1 521.3 362.0 2279 130.5 100.3 43.1 8.1 33.1 86.4 195.4 616.7
T(°C) 26.6 273 27.0 275 279 27.1 26.8 272 279 283 28.0 27.1
i 12.6 13.1 12.8 13.2 13.5 12.9 12.7 13.0 13.5 13.8 13.6 12.9
f"fl;‘ﬂ) 133.2 147.4 140.2 I51.8 161.5 143.3 136.5 1444 162.1 170.6 162.7 143.4
f 1.06 0.95 1.04 1.00 1.02 0.99 1.02 1.03 1.00 1.05 1.03 1.06
fggj) 141.2 140.0 145.8 151.8 164.7 141.9 139.3 1488 162.1 179.1 167.6 152.0
APWL 0 0 0 0 =343 -75.9 - 3128 4418 -5345 0 0
(mm) 172.1

2 2

ST 192.14 192,14 192.14 192.1 160.75 12942 7846 37.73 19.29 11.50 192.1 192.14
(mm) 4 4
AST 0 0 0 0 -314 313 -51.0 407 -18.4 -74 180.2 0
(mm)
f;;) 141.2 140.0 145.8 151.8 161.9 131.6 94.1 48.8 51.5 93.8 167.6 152.0

The results of the analysis of potential water availability in the table of potential water availability
in the Maros watershed show a surplus month in December with a surplus of 464.6 mm, January 539.9
mm, February 381.3 mm, March 216.2 mm and April 76.1 mm. In the following month there was a
deficit in May 2.9 mm and continued to increase to 110.5 mm in June, 45.2 in July, 99.9 in August,
and the highest deficit in September was 85.4 mm/month. Whereas for November there was no surplus
or deficit. The deficit is the difference between potential evapotranspiration and actual
evapotranspiration which applies only in the dry month or rainfall which is smaller than the potential
evapotranspiration value plus changes in soil moisture [9].

4. Conclusions

From the results of the analysis of the potential availability of water using the Thornthwaite-Mather
method shows a surplus in the Maros watershed for five consecutive months namely December to
April and a deficit for six months namely in May to October and one month of balance namely
November. The surplus reached 1678.1 mm/year and a deficit of 354.3 mm/year. If accumulated, the
potential for water availability reaches 1323.8 mm/year with a watershed area of 73,590 Ha.
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