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Abstract Keywords:

East Surabaya, an area that is developing intensively, is known for its Carrying capacity;
excessive problems, including a water shortage which reoccurs every East Surabaya;
year. The main objective of this study is to investigate the Evapotranspiration;
environmental carrying capacity based on the available water Industry;
resources in East Surabaya, Indonesia. The method used consists of Water resource.

determining the ratio between supply and demand in order to obtain
the carrying capacity of the local environment. The results show that
the carrying capacity in East Surabaya in the year 2030 is of
conditional sustain and amounts to 1.0. Generally, the deficit status
(overshoot) occurs between May and November and conditional
sustain in April and December, with the condition of surplus (sustain)
occurring from January to March. However, further action is needed to
conserve water during the surplus months and thus meet the needs
arising during the deficit months.

1 Introduction

Surabaya is the second biggest city in Indonesia after Jakarta, and is also known as one of the
industrial cities with a population of 2.89 million [1]. As a metropolitan city that has continued to grow
and develop over the years, Surabaya has played an important role as a social and economic hub, not
only for the surrounding area, but also for Indonesia as a whole [2]. Much like in many other cities in
developed countries, in Surabaya the provision of services is an important economic activity [3]. In
addition, the industrial service sector is extremely well developed and continues to expand.

In terms of industrial activity, Surabaya is a major city. After Indonesia gained its independence,
the city of Surabaya started to experience rapid growth in various types of industries. As a result, the
Surabaya City Government has even taken the initiative to establish a special industrial estate location
in the East Surabaya area. Here, many companies work with textiles, aluminium, and other materials.
However, there is a need for more efficient government policies in terms of land use arrangements for
industrial areas so as to encourage more effective utilization of the available space. This way, the
allocated land can truly contribute (and bring value) to regional development, and the preparation of
industrial estates, in general, is expected to facilitate development and industrial control [4].

Heydari et al. [5] state that water is the force powering life, so it is an element crucial to human
survival. Nevertheless, the increased number of industries in the area has brought about changes in
the land, which, in turn, has made it increasingly more difficult to find clean water in the city of East
Surabaya. This is also related to the continuous increase in the population of Surabaya City.
Urbanization is a substantial transformation of society which is currently taking place throughout the
world [6], including in Surabaya. In 2018, the population growth amounted to 0.38 percent in the
Surabaya City area with the growing rate of 0.47 percent per year from 2013 until 2018. In addition,
the estimated density of Surabaya City reached 8 844 inhabitants per km? in 2018 [1]. This contributed
to the reduction of the water quantity available in the city. The industry is one of the largest consumers
of natural resources [7], including water. According to Pirouzand and Maiolo [8], the world
consumption of water in the industrial sector exceeds the consumption in the municipal sector.
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Surabaya gets flooded often (excess water), yet Perum Jasa Tirta Surabaya predicts that a
water deficit will occur in 2025 [9]. Unavoidably, floods will become part of our lives. It might therefore
be necessary to learn and understand the notion of water flood management in order to reduce
damages and losses [10]. If the environmental carrying capacity of the water resources is carried out
without environmental management, this will have an impact on water quantity fluctuations in
Surabaya. According to Prastowo [11], the environmental carrying capacity of water resources can be
determined by calculating the capacity of water availability, as per the dynamics of the hydrological
cycle in the area. As a preservation effort, research is carried out on water balance-based
environmental carrying capacity by means of data collection, data processing and calculations aimed
at evaluating the condition of the water balance for several years. The results are to be used as
reference for the community or city agencies [12].

An analysis of the environment carrying capacity based on the water resources of each sector
of East Surabaya needs to be done. This is primarily to obtain data from the water balance analysis
and use them as reference for the future development and water governance of East Surabaya. Such
data is important because, according to Talent [13], the expanding need for resources which are
otherwise scarce — such as drinkable water — emphasizes the necessity of efficient use and urban
‘sustainability’. Improper use of natural sources, e.g. water, has a negative impact on living standards,
notably in Surabaya [14]. Water resources and the advancement of water-related services are very
much tied to public health and social security matters. For the purposes of this study, we consider
these to be a public good [15].

It should be noted that water stress is projected to rise in various regions owing to climate
change and a population boom, as well as increasing water demands for industries and cities [16].
Drawing on the results of this study, we can attempt to modify and/or implement strategies that help
manage water and tackle such problems in other areas as well.

2 Research method

2.1 Research location and trend change

The determination of the environment's carrying capacity covers the total area of East
Surabaya, with a density of 8,809 people per km? in 2017. The area is divided into 7 sub-districts,
Table 1.

Trends are frequently analyzed with the help of a time series [17]. In this study, the trend
change analysis is based on an estimation of population growth and projected onto several years. The
analysis of the trend change was done using the TableCurve 2D software (data fitting method), where
the x-axis represents the n-year and the y-axis explains the factors that impact the trend analysis [18],
e.g. population, number of employees, and the area of each type of land used. The software will
generate the best equation for the trend change, as well as the equation used to calculate the
projections to be used until the year 2030.

Table 1: East Surabaya sub-district.

No. Subdistrict Area [km?]

1 Tambaksari 8.99
2 Gubeng 7.99
3 Rungkut 21.08
4 TenggilisMejoyo 5.52
5 GunungAnyar 9.71
6 Sukolilo 23.68
7 Mulyorejo 14.21

Total 91.18

2.2 Calculation of water availability

For the purpose of this study, the availability of water is found by calculating the amount of
reliable rainfall that occurs in East Surabaya. To this end, we use the Weibull method, which was
chosen due to its consistency and the assumption that the value obtained for reliable rainfall is closest
to the truth [19].
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The rate of monthly reliable rainfall used in this study is 80 %; in order to analyze it, we use data
that has been collected during the past 10 years [20], i.e. the rainfall data was taken from the observer
station Perak Il and Juanda during the 2008 - 2017 period. From the 10 years of data, it is known that
the highest average monthly rainfall occurs in June, with an average of 667.428 mm, and the lowest
average monthly rainfall is in August, with an average monthly rainfall of 81.29 mm.

As such, the reliable rainfall is obtained through equation 1:

P=_=, 1)

P is rainfall opportunities; meanwhile, m and n are data order according to magnitude and number of
data, respectively.

2.3 Calculation of water demands

Water demand is the total of domestic and non-domestic water demands, and
evapotranspiration. Domestic water demands (Qgomestic) [m3/month] can be calculated by means of
equation 2. The non-domestic water demands (Qnondomestic) [m3/month] considered for this calculation only
come from the industrial sector as the main non-domestic water user in the region. Non-domestic water
demand for the industry is calculated according to equation 3.

Qdomestic = Waterconsumption X population X dayv (2)

Qnondomestic = Waterconsumption X employee X daY- (3)

The amount of water consumption (waterconsumpion) for domestic and non-domestic use is 0.12
and 0.5 [m®person/day], respectively [21]. Population is the total population in area [person]. Employee
is the total number of employees in the area [person]. Day is the number of days in a month [day].

For the year 2030, the population and the number of employees were calculated using the
equation found using TableCurve 2D, based on data from 2008 - 2017. From said data, it is known
that population growth amounts to 1.89 % per year. It is also projected that the population of East
Surabaya will reach 1 000 405 people in 2030. Meanwhile, the employee growth equals 2.27 % per
year, and is projected to reach a total of 63 537 employees in 2030.

Evapotranspiration (ET.) [mm/day] in an area is a form of water loss. The evapotranspiration per
land use type can be calculated using equations 4 - 8 [22 - 23]. In Surabaya, land is generally used for
settlement, paddy fields, dry land, ponds, services and trade, industry, vacant land, etc. In this study,
we focus on dry land and mixed gardens, as well as paddy fields with the crop coefficient value (K.);
this value is shown in Table 2 [24].

ET, = k. ET,, 4
ET, = 0.000938 Ry (Tyax — Trmin) % (Tape + 17.8), (5)
Ry = 37.6d,(wgsing sind + cos¢ cosd coswy), (6)
d, =1+ 0.033 cos(0.0172)), @)
w; = arccos(—tang tans), (8)

ET, [mm/day] is potential evapotranspiration, Ry is extra-terrestrial radiation [MJ m'zh'l], Tmaxs Tmins @and
Tave @are maximum, minimum, and average temperature [°C], respectively, d, is relative distance from
earth, ws is sunset hour angle [rad], ¢ is latitude [rad], & is solar declination [rad].

Table 2: Crop coefficient value and percent area of each land-use type.
Land use type Ke

Dry land and mixed gardens 0.8-0.9 (0.85)
Paddy fields 0.8 - 1.15 (0.975)
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Evapotranspiration (ET.) [mm/day] is changed to Evapotranspiration (ET,) [m3/month] in each
land-use type by multiplying it with the area and the number of days in a month. The average area change
in dry land, mixed gardens and paddy fields is 0.34 % per year. The total value of evapotranspiration
resulted for those types of land-use is then used as East Surabaya evapotranspiration.

2.4 Environment carrying capacity

According to Wang et al. [25], the concept of carrying capacity was initially introduced with
regard to the population growth under the threat of wars and food shortages. The concept is therefore
rooted in demography and biology, but also applied in ecology and the field of water resources. The
environment carrying capacity based on the water resources available in a specific area is obtained by
calculating the ratio between water availability (supply) and water demand (demand). Table 3 shows
the criteria for determining the environment carrying capacity with a comparison of supply and demand
ratios [11].

WRCC = SupPly 8)

demand *

Table 3: DDL status determination criteria.

Ratio Status
supply / demand >2 sustain
1< supply / demand <2 conditional sustain
supply / demand <1 overshoot

The supplied value is the input value for water balance. That is obtained/calculated based on
parameters related to water availability (reliable rainfall), while demand is related to the output value of
the water balance, i.e. the parameters of water demand (total of domestic, non-domestic and
evapotranspiration).

3 Results and discussion

3.1 Water availability

Rainfall is one of the important factors to be taken into account when calculating the availability
of water as it plays a significant role in hydrological and environmental design [26], especially in East
Surabaya. For the purpose of this research, rainfall data was taken from the meteorology stations of
Perak Il and Juanda. The rainfall used for the component of water availability is the reliable rainfall
obtained with the Weibull method with an 80 % chance.

From these data in Fig. 1, it is concluded that the highest reliable rainfall occurred in March, and
the lowest occurred between August and October. Based on Avia [27], this rainfall is a monsoonal
type with a maximum occurrence value situated at around 14.00 to 20.00 LST (GMT+7). This pattern
shows a direct response to warming which occurs at the exterior boundary of the troposphere during
the day.

The availability of water in East Surabaya is calculated by multiplying the reliable rainfall value
of 80 % with the area of it. The amount of water available in each region is shown in Fig. 2, with a total
of 109,256,361 m3 per year. According to Zhang and Zhou [28], precipitation-related extremes are
most influenced by climate change and the consequential rise in temperature. Future climate
projections do not make significant effects on the average annual precipitation volume [29], but we
should be aware of projections that indicate an increase in intense precipitation. Therefore, water
harvest technology is needed in order to save excess water and save it for future shortages.
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Fig. 2: East Surabaya water availability.

3.2 Water demands

In this study, water demand is divided into 2 (two) categories, i.e. domestic and non-domestic
water requirements according to SNI 19-6728.1-2002 [21]. Domestic water needs include the water
needs of the population, while non-domestic water needs are industrial water needs, as well as water
loss in the form of evapotranspiration (ET.). Fig. 3 shows the water demands in detail. Based on the
analysis, in 2030, water demand in East Surabaya will be 118 513 606 ms3, showing an annual
increase of 1 %. The peak as far as water demands are concerned will be reached in May, at 10 080
665 m3.

Much like Li et al. [30], we cannot construct substantial appraisals of the impact of climate
change on water demand, especially when it comes to domestic and non-domestic water use.
Although the future state of the climate will possibly have a negative impact on water use, there is not
enough data on the variability of it related to climate change in East Surabaya. Therefore, we assume
that both the demand and the population will increase, and the predicted monthly demand in 2030 will
only appear different because of the varying number of days in each month.

Other sources of water demand, e.g. evapotranspiration, cannot be neglected in East Surabaya;
evapotranspiration plays a key role in the different rates of water demand each month. Even though
urban evapotranspiration, including in East Surabaya, is appreciably below rural areas by the
hydrological properties of building materials and vegetation-covered soils counterpoint, yet the
vegetated surfaces cover in certain areas remain substantial [31]. In the future, warmer temperatures
may increase the rate of evaporation, even if local conditions do have an impact as well. A rise in
temperature that is more accelerated than the intensity of precipitation could lead to a lower difference
between rainfall and potential evaporation. In other words, the soil will become drier. This needs to be
considered and anticipated, because it can affect water availability and supply [29].



Civil and Environmental Engineering Vol. 16, Issue 2, 229-237

The value of evapotranspiration is influenced by how the land is used and varies according to
the population growth in East Surabaya. In time, the need for water in East Surabaya will change due
to the rise in social and economic activities, along with an increase in the consumption of natural
resources and the strain exerted by the growing population on the available land. Urbanization and
migration trigger changes in East-Surabaya’s land-use [32].
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Fig. 3: East Surabaya water demands.

3.3 Water balances

Water balance is the science of hydrometeorology and is calculated as the relationship between
inflow and outflow during a certain period of time within an area. The amount of excess (surplus) or
deficit water can be determined by analyzing the water balance. In order to improve urban water
management, it is important to understand the interrelations present in the water cycle. [33].

The condition of the water balance in East Surabaya can be seen in Fig. 4. The surplus
conditions appear to occur in December-April. The deficit conditions that occur in East Surabaya are
due to the fact that water demand is higher than the amount of available water. The data shows that,
in 2030, the deficit begins from May to November with total annual deficit reach -4 711 832 ms3. A
water deficit is a more suitable metric compare to water scarcity when it comes to showing that there is
not enough water available to meet demand during a particular month. In such a case, water demand
remains unmet or can only be supplied by costlier and/or less sustainable means [34].
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Fig. 4: East Surabaya water balance.

3.4 Environment carrying capacity

The carrying capacity of the water resources available is becoming a major issue in urban planning.
The concept can be defined as the level of human activity that can be sustained by the water resources,
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ensuring an adequate living standard without major degradation of the environment. The criteria for the
carrying capacity of the environment can be expressed by the supply/demand ratio or by the value of the
surplus-deficit.

The environmental carrying capacity in East Surabaya can be determined by comparing the level of
water demand to the available water. The environmental carrying capacity status calculated in this study
on East Surabaya can be seen in Fig. 5. The environmental carrying capacity of East Surabaya in 2030
can be found in the conditional sustain category, with an average ratio of 1.0 (conditions between 1 and
2). However, it should be noted that the deficit condition (overshoot) occurs in 7 months, from May to
November, due to the fact that water demand exceeds the amount of water available.
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Fig. 5: East Surabaya Environmental Carrying Capacity Ratio in 2030.

Raising awareness about water demand behaviors and upgrading water-saving devices are
essential steps to minimizing residential water demand. Another sustainable approach might also need to
be applied in order to deal with deficit months (overshoot) in East Surabaya. The strategy could consist of
decentralizing water harvesting, storage and reuse. The purpose of harvesting rain and stormwater is to
collect, treat and reserve water when it is still available and thus be able to counteract periods of shortage
[33].

In order to solve overshoot conditions, we need a technical solution which is not limited to short-
term storage. In fact, a seasonal reservoir with a long-term storage capacity may prove to be significantly
more efficient. Hence, we propose a new boezem in East Surabaya. Boezem is an estuary from the
Surabaya drainage channel which also functions as a means of controlling floods [36]. Boezem itself is
much like a reservoir and works similarly to a natural source of water, but differs from the latter in the
sense that its contents come from rainfall.

If the rainfall is insufficient, the next source available for use is river water, followed — to a much
lower extent — by groundwater. It should be noted that the climate crisis will allegedly worsen the effects of
groundwater exploitation in cities, e.g. deplete water tables, pollute the surface water, and enhance
salinization. Often, groundwater sources are also insufficient or of poor quality due to brackish conditions
and salination, aside from domestic and industrial pollution [37]. In the study area, groundwater usage is
minimized due to the coastal location of East Surabaya, which is often susceptible to groundwater
contamination by means of salty water.

4 Conclusion

The environmental carrying capacity of East Surabaya in 2030 is mostly in deficit (overshoot)
conditions from May to November. The sustain (surplus) conditions occur in January, February, and
March. An excess water management strategy needs to be put in place during the months of surplus
in order to ensure the sustainability of water resources.
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