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Abstract. Yogyakarta city has a problem of water resources management along with the rapid development in 

this region. Rainwater harvesting (RWH) can be an alternative choice in urban water resources management. This 

study aims to determine the best RWH scenario as a sustainable water supply to meet domestic water demand in 

Yogyakarta City. The method used is the Sustainability Index with 3 parameters including reliability, resilience 

and vulnerability. Each parameter is a derivative of a water balance simulation of the RWH system using the data 

range in the period 2006–2015. This study compares the percentage of roof usage in the RWH system and the 

level of domestic water demand. The results of this study indicate that the RWH scenario by utilizing 50 %–75 % 

of the roof area can be ideally meet up to 80 % of domestic water needs in Yogyakarta City. RWH scenario with 

100 % roof usage can meet all domestic water needs well. This study shows that the RWH system can have a 

positive impact on the management and sustainability of water resources in Yogyakarta City. 

1 Introduction 

Rapid development in urban areas in Indonesia causes 

complex problems in spatial land use. Land use for 

settlements and urban infrastructure development is 

contrary to the provision of land for food and clean water 

management [1]. The area of green open space, which 

functions as a local catchment area and ecological 

balance, tends to decrease. Meanwhile, due to the 

increasingly high population pressure, land in urban 

areas has changed into a built-in land that is 

impermeable. This condition causes an increased risk of 

flooding and reduced groundwater supply at the local 

level. On the other hand, a large population in urban 

areas has consequences for high water demand. The 

imbalance between water supply and demand in urban 

areas is an important issue, especially in the context of 

sustainable development. 

Yogyakarta city is an urban area in Indonesia that has 

these problems. This region with a population density of 

12,699 people/km2 is one of the highest in Indonesia [2]. 

The challenge that must be solved is the provision and 

management of sustainable water resources with limited 

space. Conventional water use in Yogyakarta city still 

uses groundwater as the main source to meet demand 

from various sectors [3]. Reduced water catchment areas 

and increased demand for water for a long time can 

increase the potential for a water crisis in the region. A 

very high level of vulnerability is predicted to threaten 

91.6 % of areas in Yogyakarta city due to limited 

groundwater reserves [4]. The average groundwater level 

has decreased by 1 meter every 3 years [5]. Yogyakarta 

city only has the carrying capacity of water resources for 

the next 4 decades if there is no good conservation and 

water management system [6]. This condition worries 

about the sustainability of water resources in Yogyakarta 

city. 

Most of the water demand in Yogyakarta city comes 

from the domestic sector, therefore the community will 

be one that is exposed to the direct impact of the water 

crisis problem in this region. Domestic water demand is 

one of the focus issues that need to be resolved in the 

study. Diversification of water resource management can 

be used to optimize water resource reserves [7,8]. 

Rainwater is rarely used for non-agricultural purposes 

such as domestic. The use of rainwater for daily 

consumption is only applied by 1 % of the world's 

population or 2.46 % of the population in Indonesia [9]. 

Generally, the use of rainwater is applied by rural 

communities. In Yogyakarta, the management of 

rainwater by harvesting through the roofs of buildings 

has been applied by rural communities in Gunungkidul 

[10]. Rainwater harvesting (RWH) can be a water 

resources management system in urban areas to optimize 

water supply. High rainfall potential as a tropical region, 

supported by a large number of roofs in Yogyakarta city 

can be a good capital for applying RWH systems. This 

study examines the performance of the RWH system if 

applied in Yogyakarta as a method to increase the 

capacity of water resources to meet water demand. 

2 Methods 

The concept of water balance in a hydrological system is 

the basis used to evaluate and analyze the sustainability 

of the RWH system in this study. The input in the 

hydrological system is always balanced with the output 
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and water storages. This study assumes the amount of 

water availability produced by RWH as input and the 

amount of domestic water demand as output. The 

sustainability parameter is derived from the performance 

of the water balance simulation system. Generally, there 

are three steps to obtain the sustainability index, among 

others: simulation of water balance, calculate the value 

of three parameters of performance system, calculate the 

composite value of parameter used as the value of 

sustainability index. 

2.1. Research area 

This research area is located in Yogyakarta City. The 

total area is ±32.5 km2, which is the smallest area in the 

Special Region of Yogyakarta (only about 1.02 % of the 

province). This area has complex characteristics. 

Population in Yogyakarta City is one of the most densely 

populated in Indonesia around 12,699 in habitants/km2 

[2]. The city of Yogyakarta consists of 14 districts and 

has a border with Sleman and Bantul regency. The 

development of the city is generally influenced by the 

education, services and tourism sectors and a small 

proportion of the industrial sector. The characteristics of 

the region are very interesting to make research on the 

potential of RWH system applications in this area. 

2.2. Water balance simulation 

The mathematical equation representing the water 

balance is known as the water budget equation [11]. 

 

Water storage (ΔS) by the time (Δt) will always be 

equal to the difference between input (I) and the Output 

(O). Loucks (1997) uses an approach to assess 

performance system on the behavior of hydrological 

systems to the environment. Hydrological system has a 

threshold to meet the water demands required by the 

environment, in this case urban society. Hydrologic 

system is a function of supply and water needs of the 

environment as a function of demand. Performance 

system is to be feasible if the supply is still below the 

threshold. This concept can be seen in Figure 1. 

 

Fig. 1. Map of research area.

The performance identified optimally if it exists in 

areas of acceptable value. If it passes an improper value 

then the system shows a failure in its performance. This 

research uses the availability of RWH as a water supply 

with domestic water requirement as its demand. 

Equation (2) can be modified into the following 

equation.  

  (2) 

RWH water supply (SRWH) as input in system and 

domestic water requirement (DWd) as its output. The 

difference between supply and demand is the change in 

water reserves (ΔS/Δt). Failure in the RWH system 

occurs when ΔS/Δt value is negative, this condition can 

also be called a deficit. Conversely, if the water supply is 

greater than the demand, then ΔS/Δt is a positive value 

called surplus or satisfactory value. 

The water supply provided by RWH is the 

multiplication function of rainfall (R), the area of the 

roof catch (A) and the run off roof (Cr) coefficient. Here 

is the equation for measuring the modified SRWH [12]. 

 

  (3) 

 

The value of R is measured in units of m/day or 

m/month depending on the available data. The rain data 

in this study was obtained from the Agriculture Office of 

Yogyakarta City. The value of A is the extent of the roof 

used as a water catchment in units of m2. This value can 

be either a roof for a single house or the accumulation of 

roof space depending on the analysis conducted. Cr is a 

runoff coefficient that has a range of 0–1 values, this 

(1)
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study uses a value of 0.8 which is suitable for roof tile 

type. 

Fig. 2. System performance derived from simulation model 

(Loucks, 1997). 

2.3. Performance system criteria 

The performance of the RWH system is observed 

through the water balance between SRWH and DWd over a 

specified period. The value of SRWH is dynamic 

depending on the volume fluctuation produced every 

time while the Demand value is assumed to be constant 

with the average value of domestic water consumption in 

Yogyakarta 178,09 liters/capita/days [10]. Changes in 

water reserves (ΔS/Δt) in observing the performance of 

the RWH system provide a description of its feasibility 

and its sustainability in meeting domestic water needs. 

Hashimoto et al. in 1982 introduced a measuring 

instrument to determine the sustainability of system 

performance through three parameters namely reliability, 

resilience, and vulnerability. The concept can be applied 

to determine the performance of a hydrological system 

such as the approach used by Loucks in 1997. Solis et al. 

in 2011 offers a mathematical solution through a 

sustainability index to facilitate policy-making. 

Mathematically the performance criteria are defined as 

follows. 

 (4) 

System performance (P) in period i (t) has a value of 

0 if the water supply is smaller than demand. The value 

of unsatisfactory is a water deficit where the PAH 

system fails to meet its needs and therefore has no 

storage. The satisfactory value is the amount of surplus 

that can be used as water savings. 

Reliability is the probability of a surplus or 

satisfactory value within a period of observation defined 

as: 

 (5) 

Resilience (Res) is the probability of system recovery 

after failure is measured by comparing the satisfactory 

value following the unsatisfactory value with the number 

of unsatisfactory values in the period.   

  (6) 

Vulnerability (vul) is the severity of the failure 

period in the system performance measured by 

comparing the average deficit in period to the total water 

requirement. The average water deficit is calculated by 

dividing the total deficit by the number of deficit periods 

or unsatisfactory value.  

  (7) 

2.4. Sustainability index 

The Sustainability Index is a combination of the three 

parameters compiled by Louck (1997) and modified 

Solis et al. (2011) to the following: 

 (8) 

SI values can be observed through various scenarios 

designed to determine the best system performance. 

Aydin et al. (2014) classifies SI into 4 states as in Table 

1.  

Table 1. State Perform System with SI 

(Value Aydin et al., 2004). 

SI Value State 

<0.25 Unacceptable 

0.25 < SI < 0.5 Moderate 

0.5 < SI < 0.75 Acceptable 

>0.75 Ideal 

3 Results and discussions 

Yogyakarta city has an average rainfall of 1813 mm/year 

during the period 2006–2015. Figure 3 shows the 

average monthly rainfall in Yogyakarta city obtained by 

measuring the average of regional rainfall based on 

isohyet interpolation. The highest rainfall usually occurs 

in December to February with a thickness of more than 

275 mm per month. The dry period occurs in June to 

September with rainfall below 50 mm every month. The 

average daily rainfall in Yogyakarta City ranges from 

10–17 mm, meaning the potential of rain that can be 

collected by the roof area of 1 m2 every time the rain 

reaches 8–136 L. Rain type in Yogyakarta City is 

monsoon which has the difference of wet season and dry 

season. This type is regionally influenced by Asian 

monsoon and Australian monsoon. 

 

Fig. 3. Monthly average rainfall in Yogyakarta City. 
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The total roof area of residential buildings in the city 

of Yogyakarta reached 14.73 million m2. The settlements 

in Yogyakarta city mostly have roof tile type. Therefore, 

the coefficient of runoff used is 0.8 equal to the 

dominant roof type. Potential water supply can be 

produced by RWH System in Yogyakarta City is ± 22.33 

million m3/year, if all settlement building utilizes its roof 

area to catch rainwater. On the other hand, an average 

value of domestic water consumption in Yogyakarta City 

is 178.09 liters/capita/day [13]. Domestic water demands 

in Yogyakarta City estimated 27.12 million m3/year with 

population 412 thousand inhabitants [2]. 

In general, RWH water supply is not equivalent to its 

domestic water demands. This gives a value that is not as 

high as the expected system performance. Figure 3 

shows the simulation of RWH system performance in 

Yogyakarta city in one year. Unsatisfactory value occurs 

on the 200th–300th day encountered from late July to 

October. Potential system failures can occur due to the 

reduction of rainfall especially in early June so that the 

existing water storage are only able to function optimally 

during the next month. When the failure period occurs, 

there are several times bounce back but due to low water 

supply so cannot consistently have optimal performance. 

Fig. 4. Performance of scenario RWH system in Yogyakarta 

City. 

The Sustainability Index (SI) can be used in various 

scenario models to identify the different types of 

management of observed water resources [14]. This 

study uses 3 SI value observation scenarios based on the 

roof area used with the level of water requirement as 

seen in Figure 4. The utilization of 100% of the 

catchment area gives a very optimum result in providing 

a large water supply but this is very difficult to be 

realized in the real world. Besides still a new thing in 

some people of Yogyakarta City, the level of trust for 

RWH as urban water source is still uncertain. 

Nevertheless, the utilization of all residential roof areas 

in Yogyakarta City has a high level of reliability as a 

source for domestic water demands. 

RWH system has high reliability with value more 

than 0.75 to meet all domestic water demand in 

Yogyakarta City. This high level of reliability is 

followed by a low level of vulnerability (below 0.25) and 

a more variable resilience. Resilience levels are difficult 

to predict, especially with long historical data [15]. 

Resilience has been debated as an indicator in evaluating 

the sustainability of water resources because the value is 

very random and does not have a clear pattern. The 

existence of resiliency and vulnerability measurements 

in determining performance criteria because they were 

less able to accurately represent time of sojourn [16]. 

This study solves the problem by taking into account the 

remaining water reserves during a bounce back to meet 

demand until the next bounce back period. The result is a 

more real SI value can be obtained because it takes into 

account the length and capacity of the RWH system 

when trying to return to its best performance. 

   

 

 

Fig. 5. Sustainability Index 3 scenario RWH in Yogyakarta City. 

The SI value for 100 % roof catchment is more than 

0.5 which means that in general the RWH system can 

optimally supply domestic water demand. In the scenario 

of 75 % and 50 % roof catchment, the RWH system 

capability is declining but the lower water demand level 

will have a good effect on the sustainability value. 

Scenario for 75 % roof catchment seen intersection 

between vulnerability with resiliency which shows 

instability of RWH system in supplying water demand at 

certain level. Consequently, there is a decrease in SI 

value to be lower than 0.5 with moderate sustainability. 

This condition indicates that the RWH system has not 

been able to supply water demand at 100 % optimally, so 

the allocation of water demand should be used at a lower 

level. Ideal condition of this scenario (SI > 0.75) at level 

of water demand 62 % with limits of performance 

system state acceptable level of water demand 97 % In 

scenario of 50 % roof catchment, RWH performance 

Reliability Resilience Vulnerability Sustainability Index 

100% Roof Catchment 75% Roof Catchment 50% Roof Catchment 

Unsatisfactory 
Value 

Satisfactory Value 
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capability has ideal conditions at level of water demand 

50 %, with system performance capability limits at state 

acceptable at level of water demand 80 %. 

Allocation of water demand level below 100 % 

means there must be other water sources to meet the 

water requirements outside of the RWH system. For 

example, in scenario of 50 % roof catchment, the ideal 

water demand level used is 50 % so that the allocation of 

half the domestic water demands of the community uses 

RWH and the other half can use groundwater. This can 

certainly reduce groundwater consumption significantly 

if the RWH system can be used by most or all of the 

people in Yogyakarta City. The partial use of the roof as 

a catch in the RWH system can also be combined with 

other water resource conservation methods such as 

infiltration wells. The roof catchment which is not used 

in the RWH system can be conveyed on infiltration wells 

so that the storage of groundwater can be maintained 

sustainably. This technique requires further research 

related to the combination model that can be generated 

from the rain harvesting system through the roof. 

Historical data in sustainability observations on water 

supply systems can show better results because changes 

in hydro-meteorological conditions due to climate 

change can be well predicted [17]. 

4 Conclusion 

Rainwater harvesting can have an impact on the 

sustainability of water resources in Yogyakarta City. 

Generally, this area has good potential for rainwater 

availability but it is not distributed equally. The various 

scenarios in this study is showing that water demand can 

be served by the RWH system. The use of all parts of the 

roof is very reliable to serve all domestic water demand 

in Yogyakarta City, but the resilience of the RWH 

system has a wide range of values. The scenario is very 

difficult to be realized because the RWH system has not 

been popular among the people of Yogyakarta City. This 

study shows other scenarios with the use of 75 % and 50 

% of roof catchments to supply domestic water demand. 

The result of observation of SI value indicates that RWH 

system can be used with acceptable state up to 80 % 

level of domestic water demand to use half of roof 

catchment. Others from domestic water demand can be 

supplied from other water sources such as groundwater. 

The utilization of RWH will reduce the environmental 

pressure on groundwater as the main water supply in 

Yogyakarta city today. This method can be combined 

with other water conservation techniques such as 

infiltration wells through unused roofs in the RWH 

system. The conclusion from this research is, RWH 

gives its renewal and contribution to the sustainability of 

water resources in Yogyakarta City 
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