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ABSTRACT

Water security is the fulfillment of  access to adequate and sustainable water needs (quantity and quality) for 
the growth of  human and ecosystem life and the ability to reduce risks associated with water. By knowing the 
water security of  an area, efforts to conserve, utilize, control destructive force, develop information systems and 
participate in the community can be assessed to what extent and how the management has been carried out. The 
purpose of  this research is to formulate the amount of  water availability per capita (quantity) of  surface water 
and to determine the quantity of  the worst water quality at a critical time (the worst quantity) to be used as a 
reference in determining the amount of  water resistance for development. The only observed water quality was 
the BOD (Biological Oxygen Demand) organic pollutant value in the dry year in the dry season using the Markov 
Chain Method. Water security in the Bandung Basin is currently classified as bad (rare) because the water avail-
ability index figures only indicate 174 m3 per capita per year (quantity). Meanwhile, data on the quality value 
of  BOD (Biological Oxygen Demand) pollutants in dry years (R5) of  129 mg/l and very dry years (R10) of  112 
mg/l which has also exceeded the class I quality standard of  PP No. 22/2021 (> 2 mg/l) regarding water quality 
management and pollution control which is designated for raw water needs drinking water. Changing water use 
patterns and promoting effective implementation of  integrated water resources management are essential strate-
gies for increasing water security in Indonesia.
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INTRODUCTION

Water security is the fulfillment of  access 
to adequate and sustainable water needs (quan-
tity and quality) for the growth of  human and 
ecosystem life and the ability to reduce risks as-
sociated with water (Cook & Bakker, 2012; Bakker, 
2012; Falkenmark, 2013; Garrick & Hall, 2014; 
Wheater & Gober, 2015; Radhika & Hatmoko, 
2017; Hoekstra et al., 2018). Water security is a 
prerequisite for food and energy security (Hanj-
ra & Qureshi, 2010; Head & Cammerman, 2010; 
Lautzhe & Manthrithilake, 2012; Gössling et al., 

2012; van Noordwijk et al., 2016). The interaction 
between the three factors that form the condition 
of  water resources (natural factors, anthropoge-
nic factors (human activities), and administrative 
and managerial factors is vital to maintain a large 
amount of  water security (Bakker, 2012; Wheater 
& Gober, 2015). By knowing the water security 
of  an area, efforts to conserve, utilize, control 
destructive force, develop information systems 
and participate in the community can be asses-
sed to what extent and how the management has 
been carried out (Cook & Bakker, 2012).  Although 
all the world communities agree that water secu-
rity needs to be paid attention to, both for water 
resources management and sustainable develop-
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ment in general, there is no agreement on how 
to define water security. It had not been agreed 
on the value of  minimum water security until re-
cently so that households, cities, watersheds, and 
countries can develop sustainably without wor-
rying about possible droughts and floods (Cook & 
Bakker, 2012; Bakker, 2012; Radhika & Hatmoko, 
2017; Thapa et al., 2018).  The amount of  water 
availability has been calculated from the availabi-
lity of  water based on the potential annual rain-
fall and the population in the area (Indonesian 
National Water Resources Council, 2012). 

The hydrological component consists of  
random and stochastic rainfall and discharge (Sa-
bar, 2009; Marganingrum, 2013; Corsita, 2014; 
Louck & Van Beek, 2017; Marselina & Sabar, 
2017). The amount of  rainfall is more indepen-
dent than the discharge, which depends on land 
cover. So that the discharge, in this case, the 
planned discharge, is more appropriately used as 
a basis for determining the amount of  water se-
curity compared to the amount of  potential rain-
fall. One method of  determining the discharge 
plan and forecasting future discharge that is easy, 
simple, and has a reasonably accurate correlation 
in Indonesia is the Markov Chain method. Mar-
kov discrete model is a discrete stochastic model 
in decision making, where time t will affect deci-
sions taken at a future time (t + 1) (Sabar, 2009; 
Nuraeni, 2011; Marganingrum, 2013; Corsita, 
2014; Setyono & Ismijayanti, 2015; Louck & Van 
Beek, 2017; Marselina & Sabar, 2017).

Data retrieved from the Director-General 
of  Water Resources of  the Ministry of  Public 
Works and Housing (2016) show the current 
amount of  water availability in Indonesia only 
covers 56 m3 per capita per year. This number is 
considered very small. Falkenmark (1989) and 
WHO (2014) state that a country is categorized 
to be very scarce if  it has less than 500 m3 of  
water per capita per year. The fact is in contrast 
to Indonesia’s status in the top 5 countries, ac-
cording to WHO, which has the highest volume 
of  renewable water (under Brazil, Russia, and 
Canada). 

Indonesia is in a tropical climate with high 
temperatures and rainfall. In this region, there are 
two changes of  seasons in a year, the dry season 
and the rainy season. Despite its abundant water 
resources, Indonesia continually experiences wa-
ter shortages due to climate variability, geographi-
cal condition, and dry season (Fulazzaky, 2014; 
Afifah et al.,  2019). The annual climate variation 
pattern may affect water availability and water 
quality unequally, possibly constraining the water 
use with its unbalanced conditions of  demands 

and the available potential, particularly during 
the dry season (Bulsink et al., 2010;  Hanjra & 
Qureshi, 2010; Fischer et al., 2015; Afifah et al., 
2019). The groundwater potential is abundant in 
Indonesia. Unfortunately, due to limited ground-
water facilities and infrastructure, Indonesia still 
relies on surface water as its water source, and 
groundwater is used only as a reserve (Indonesian 
National Water Resources Council, 2012). One 
of  the primary and super-priority watersheds due 
to its strategic nature in Indonesia is the Citarum 
watershed in West Java Province.

The Citarum Watershed (DAS) is the main 
watershed in West Java which has a high area of  
critical land and is strategic because it supports 
the capital city of  Jakarta. The watershed cove-
ring 6,614 square kilometers, or 22% of  the West 
Java area is the watershed with the most populo-
us population in West Java. The upstream of  the 
Citarum river is Mount Wayang, which is part of  
the Bandung Basin. The Citarum watershed is lo-
cated in an area affected by the Monsoon climate, 
which is characterized by one rainy peak and one 
dry peak in a year, where there are several conse-
cutive months of  rain or dryness, so the potential 
for rainwater during the rainy season needs to 
be optimized (Sabar, 2009; Cook & Bakker, 2012; 
Radhika & Hatmoko, 2017).

The critical potential of  the Citarum wa-
tershed is currently threatened by a decrease in 
the quality of  river water due to the increasing 
pollution load, which has exceeded the capacity 
of  the water source. The Bandung Basin, which 
consists of  4 Regencies and Cities (Kab. Ban-
dung, Kota Bandung, Kab. Sumedang, and Kab. 
West Bandung), contributes to considerable do-
mestic, agricultural, and industrial waste pollu-
tion in the Citarum River (Supangat & Paimin, 
2007; Marselina & Sabar, 2017). This pollution 
can be seen from the increase in levels of  biolo-
gical oxygen demand (BOD) and the decreased 
levels of  dissolved oxygen (DO) from upstream 
to downstream after crossing the boundary of  
the Bandung Basin in Nanjung. It shows that the 
pollution of  organic matter measured with BOD 
parameters is the primary source of  pollutants 
that need priority treatment to control water pol-
lution (Bukit, 2002). BOD (Biological Oxygen 
Demand) is a number that shows the amount of  
oxygen needed by microorganisms to carry out 
the process of  decomposition of  organic pollu-
tants in an aerobic state (Priyambada & Suprap-
to, 2008). BOD measures the “strength” of  water 
or wastewater: the greater the concentration of  
ammonia-nitrogen or degradable organic carbon, 
the higher the BOD. The efficiency of  BOD re-
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moval is a standard performance characteristic of  
wastewater-treatment plants, and BOD is a major 
feature of  treatment-plant discharge permits (Mi-
helcic et al., 1999). BOD in this study is only used 
as an example in determining water security in 
terms of  quality. The same method can be carried 
out for all the required water quality parameters.

Based on the various problems and chal-
lenges raised, it is important to know the amount 
of  water security in an area, which can then be 
used as a reference in making policy directions, 
targets, and strategies for water security and wa-
ter resources management so that the potential 
for conflict can be minimized. The purpose of  
this research is to formulate the amount of  water 
availability per capita (quantity) of  surface wa-
ter in rivers and reservoirs and to determine the 
quantity of  the worst water quality at a critical 
time (the worst quantity) to be used as a referen-

ce in determining the amount of  water security 
for development. The only observed water qua-
lity was the BOD (Biological Oxygen Demand) 
organic pollutant value in the dry year in the dry 
season using the Markov chain method.

METHODS

The study was carried out in the Bandung 
Basin, especially in the Nanjung and Saguling Re-
servoir Turbine Intake monitoring post. Both mo-
nitoring posts are located in the lower part of  the 
Bandung Basin, i.e., the Citarum River upstream.
Nanjung Post is located in the flow of  Citarum 
River upstream, right before the Saguling Reser-
voir inlet. This area is located between Bandung 
Regency, Bandung City, and Cimahi. At the same 
time, the Intake Post of  the Saguling Reservoir is 
in the Saguling Reservoir.

Figure 1. Map of  Citarum Watershed

There are differences in water conditions 
in both monitoring and research posts. The tur-
bine Intake Post is in the Saguling Reservoir with 
a water discharge adjustment and a track (volu-
me). Meanwhile, the Nanjung post is in the river 
in which the quantity of  water is very dependent 
on the water discharge (natural) with a relatively 
smaller amount compared to the input discharge 
of  the Saguling Reservoir.

The data used in this study is secondary 
data from the manager of  the Saguling Reservoir, 
i.e., Indonesia Power Saguling. The discharge 
data used is monthly data from 1986-2013. In 
comparison, water quality data uses quarterly 
data (March, June, September, and December) 
from 1999-2013. The water quality data used 
is also limited to BOD (Biological Oxygen De-
mand) parameter data only. In the Markov pro-
cess, the amount of  water discharge entering the 

reservoir is simplified by dividing it into three 
classes and five classes. Based on the division 
of  water discharge classes, an attempt is made 
to trace the historical record of  water discharge 
events so that each month a stochastic matrix can 
be made, which divides the water discharge class 
that enters the reservoir into 3 classes and 5 clas-
ses (Sabar, 2009; Nuraeni, 2011; Marganingrum, 
2013; Corsita, 2014; Setyono & Ismijayanti, 2015; 
Marselina & Sabar, 2017; Afifah et al., 2019).

For division into three classes, the data are 
simplified into 3 parts (Figure 2): dry year (rep-
resented by 0), normal year (represented by 1), 
and wet year (represented by 2). The procedure 
for obtaining the transition matrix begins with 
determining the number of  class divisions and 
then entering the historical discharge data into 
the class divisions according to the specified class 
limits. After that, look for the probability value of  



599
S.Wulandari, A. Sabar, T. Setiadi, B. Kurniawan / JPII 10 (4) (2021) 596-606

the event j at time t
n
 occurs when the event occurs 

at time t
n-1

 and the last one, build a transition mat-
rix with elements of  each row and column from 
the calculation of  the transition probability at the 
time under review.

Source: Sabar (2009)
Figure2. Discharge Classification Based on Prob-
ability (Markov Model) 3 Classes 

The determination of  the class interval for 
each class division is obtained by dividing the 
probability curve of  the selected population distri-
bution into 3 equal parts, namely 0.333, 0.667, 
and 1, as shown in Figure 2. The range value of  
each class is the middle value on the probability 
curve of  0.333, 0.667, and 1. The probability of  
each data was determined using the Weibull met-
hod (Sabar, 2009; Marganingrum, 2013; Corsita, 
2014; Marselina & Sabar, 2017).

For division into five classes, the data are 
simplified into 5 parts (Figure 3.), namely: a very 
dry year (represented by 0), dry year (represented 
by 1), normal year (represented by 2), wet year 
(represented by 3), and a very wet year (repre-
sented by 4).

Source: Sabar (2009)
Figure 3. Discharge Classification Based on 
Probability (Markov Model) 5 Classes 

Determining the class interval for each 
class division is obtained by dividing the probabi-
lity curve from the selected population distributi-
on into five equal parts, namely 0.2; 0.4; 0.6; 0.8; 
and 1. 

Analysis of  quantity and quality is focus-
ed on dry discharge plan (R5) or equivalent to 
discrete dry Markov 3 class and also dry dischar-
ge plan (R10) or equivalent to very dry years of  
discrete Markov 5 class as required as drinking 
water design criteria, i.e., discharge dry plan for 
R10-20 years (Sabar, 2009; Nuraeni, 2011; Mar-
ganingrum, 2013; Corsita, 2014; Marselina & Sa-
bar, 2017; Afifah et al., 2019). Water (2016) uses 
per capita water resources indicators to show the 
imbalance between freshwater resources and the 
population or the risk of  scarcity of  freshwater 
resources for the community. This indicator is 
then used in determining water security in terms 
of  quantity (amount). Water security, in terms 
of  quantity of  water, can be seen by comparing 
the availability of  water with a reliable dischar-
ge compared to the amount of  water demand per 
capita. Household, urban, and industrial water 
requirements are calculated based on population.

The index of  water availability per capita 
has been commonly used in various countries, 
such as Sullivan (2003) and Radhika et al. (2013). 
Table 1 describes the conditions based on the in-
dex of  water availability per capita. Index of  Wa-
ter Availability Per Capita = Availability of  water 
(m3/year)/Total population (person).

Table 1. Water scarcity Conditions

Index of Water 
Availability/Capita (m3/

year/capita)
Condition

More than 1.700 No stress

1.000 - 1.700 Stress

500 - 1.000 Scarcity

Less than 500 Absolute scarcity
Source: Water (2016)

Water security in terms of  quality is ob-
tained by comparing water quality at the dischar-
ge monitoring post. It has been classified based 
on the dry and very dry years using the Markov 
Chain method, with Najung water quality and 
the Saguling Reservoir Turbine Intake with class 
I quality standard of  PP No. 22/2021 on Wa-
ter Quality Management and Pollution Control 
intended for drinking water. The classification 
of  dry years (R5, 3 classes) and very dry years 
(R10, 5 classes) selected is determined based on 
dry year input discharge from the Saguling Inta-
ke Reservoir post and Nanjung post in 1999-2013 
based on the data availability.
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RESULTS AND DISCUSSION

Water security is closely related to food and 
energy securities. It causes a high conflict of interest in 
water management (Hanjra & Qureshi, 2010; Head 
& Cammerman, 2010; Lautzhe & Manthrithila-
ke, 2012; Gössling et al., 2012; van Noordwijk et 
al., 2016). In addition, if the high-water demand is 
not balanced with adequate clean water infrastructu-
re, it will lead to water scarcity (Vörösmarty et al., 
2010; Zeitoun et al., 2010; Fischer et al., 2015; 
Wheater & Gober, 2015; Thapa et al., 2018). Wa-
ter (2016) states that around 780 million people do 

not have access to clean water, and 80 million are in 
Indonesia. Access to clean water can then exacerbate 
people’s access to proper sanitation. With limited wa-
ter availability in space and time, knowing how to use 
water effectively and efficiently is crucial.

The study of  water security begins by fin-
ding the amount of  water available by looking for 
mainstay discharge at the study site. Afterward, 
the calculation of  the water availability can be 
done by looking for the discharge of  the Nan-
jung and Saguling Reservoir historical mainstay 
discharge using the Markov method as shown in 
Table 2 and 3, respectively.

Table 2. Data of  Historical Mainstay Discharge in the Nanjung Post from 1986-2013

Reliable Discharge Prob Monthly Average

R20 Wet Years 5% 153.91

R10 Wet Years 10% 123.18

R5 Wet Years 20% 101.31

R2 Normal Years 50% 70.43

R5 Dry Years 80% 44.67

R10 Dry Years 90% 32.12

R20 Dry Years 95% 25.14

From Table 2, it can be seen that the values 
of  the mainstay discharge available in the Nan-
jung Post R10-20 during the dry year are 32.12 
and 25.14 m3/sec, respectively. Meanwhile, from 

Table 3, it is known that the values of  a historical 
mainstay in the Saguling reservoir R10-20 during 
the dry year are 41.50 and 32.85 m3/sec, respec-
tively. 

Table 3. Data of  Historical Mainstay Discharge in the Saguling Reservoir from 1986-2013

Reliable Discharge Prob Monthly Average

R20 Wet Years 5% 188.17

R10 Wet Years 10% 157.46

R5 Wet Years 20% 125.91

R2 Normal Years 50% 86.32

R5 Dry Years 80% 56.87

R10 Dry Years 90% 41.5

R20 Dry Years 95% 32.85

Both quantities are following the design crite-
ria for raw drinking water from the Indonesian Mi-
nistry of Public Works. Therefore, the reliability of  

the water quantity/amount of water availability cal-
culated in the Nanjung and Saguling Reservoir has 
been under the required criteria.

Table 4. Design Criteria for Surface Raw Water Allocation

Surface Water Source Raw Water Allocation Design Criteria

Dry Water Discharge

Domestic Municipality Industry (DMI) Irrigation

1-7 days R= 10-20 years 15-30 days R=5 years

Source: Modification of design criteria for MBA PU Cipta Karya raw water (Sabar, 2009)
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The population in the Bandung Basin ret-
rieved from BPS data (2011) is 5.8 million people 
spread across 56 sub-districts in Bandung City, 
Cimahi City, Bandung Regency, West Bandung, 
and Sumedang Regency. If  we calculate the water 
security from the water availability per capita per 
year, the value is obtained (using the reliable di-
scharge data in the Nanjung Post R10 during the 
dry year at 32.12 m3/sec):

Index of  water availability 
= 1,012,936,320 m3/year/5,800,000 people 
= 174 m3 per capita per year

From this index, it can be seen that the absolu-
te water scarcity (based on Table 1) in the Bandung 
Basin, which causes water security in the Bandung 
Basin, falls into the poor (rare) category.

This mainstay discharge quantity must also 
be reanalyzed every five years. The land changes that 
have occurred in the Bandung Basin, due to the estab-
lishment of the Bandung Basin in the National Stra-
tegic Area, have caused rain variability and decreased 
discharge sensitivity. The exploitation of land has dis-
rupted the balance of the main components of hyd-
rology (rain and discharge). Marganingrum (2013) 
shows that the monthly rainfall average from 1950-
1980 in the Bandung Basin was 182 mm/month. 
Nevertheless, from 1986-2008, the monthly rainfall 
average fell to 139 mm/month. Changes in average 
values indicate variability or uncertainty of rain (Sa-
bar, 2009; Marganingrum et al., 2013). Rainfall (P) is 
a random variable. Rain with a random character will 
also be a flowrate with a random nature (even though 
rain is more independent than discharge). Discharge 

extremity is indicated by a more extreme difference 
between the minimum and maximum discharges. 
The minimum daily discharge in the Nanjung Post is 
getting lower, whereas the maximum daily discharge 
is getting higher. Discharge analysis of the minimum-
maximum plan (dry-wet) is fundamental in the plan-
ning and evaluating water resources infrastructure 
(Marganingrum, 2013; Marselina & Sabar, 2017).

The average monthly discharge is used to 
determine the fluctuations in water flow over time 
which also affects the quality of raw water, especially 
related to pollution dilution factors. From both Figure 
4 and 5, it can also be seen the discharge fluctuations 
in the Nanjung Post and the water volume fluctua-
tions in the Saguling Reservoir where the lowest 
points occur in October-November or between period 
III of water quality monitoring samples (September) 
and IV (December). Therefore, the analysis of water 
quality needs to pay attention to the condition of the 
discharge and volume of the reservoir and the classi-
fication of the corresponding discharge year, namely 
classification of the very dry year (5 classes), which is 
analogous to the mainstay discharge of R10 dry year. 

Disposal of wastewater can threaten water se-
curity by contaminating limited available freshwater. 
75% of the Saguling Reservoir intakes comes from 
the record of measured discharge in the Nanjung Post 
so that the classification of dry, normal, and wet year 
can be uniform (Supangat & Paimin, 2007; Sabar, 
2009; Marganingrum, 2013; Corsita, 2014; Marseli-
na & Sabar, 2017). The sampling year classification 
in 3 classes is based on the discharge quantity of the 
Markov discrete method, as shown in Table 5 and 
Table 6.

Table 5. Year Classification of Water Quality Monitoring Based on Dry, Normal, Wet Discharge (3 Classes)

Category Discharge Range (m3/s) Year

Wet 88,29 < Q2 2001, 2005, 2007, 2010, 2013

Normal 78,67 < Q1 < 84,90 1999, 2000, 2008, 2009, 2012

Dry Q1 < 77,49 2002, 2003, 2004, 2006, 2011

Based on Table 5 and Table 6, dry years 
(3 classes) were in 2002, 2003, 2004, 2006, and 
2011, and very dry years (R10, 5 classes) were in 

2003, 2006, and 2011. The quality analysis per-
formed on BOD pollutant parameters is carried 
out on the data in the dry year.
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Table 6. Year Classification of Water Quality Monitoring Based on Very Dry, Normal, Wet, and Very Wet 
Discharge (5 Classes)

Category Discharge Range (m3/s) Year

Very Wet > 109,44 2001.2010, 2013

Wet 84,90 - 95,13 1999, 2005, 2007

Normal 79,20 - 84,60 2008, 2009, 2012

Dry 68,46 - 78,67 2000, 2002, 2004

Very Dry < 65,88 2003, 2006, 2011

First, to determine the difference in the 
quantity of  river flow and reservoir conditions 
regarding water quality conditions, historical 

discharge data in the Nanjung post and Sagu-
ling Reservoir Intake with BOD parameters are 
shown in Figure 4 and Figure 5.

Figure 4. Monthly Historical Data of  Discharge and BOD in the Nanjung Post (1999-2013)

Figure 4 shows the comparison between 
monthly historical data of  water discharge (m3/s) 

and BOD value (mg/l) in Pos Nanjung, upstream 
of  the Citarum river. 

Figure 5. Monthly Stock Volume and BOD Historical Data in the Saguling Turbine Intake Post (1999-
2013)

Figure 5 shows the comparison between 
monthly reservoir stock volume (million m3) and 

BOD value (mg/l) in Saguling Intake Turbine. 
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Ideally, water quality indicated by the 
concentration of  several water quality parame-
ters is a function of  water quantity. During the 
conditions of  low quantity, assuming the pollu-
tion load is controlled and constant, there is an 
increase in the concentration level of  pollutants. 
On the contrary, during the condition of  quanti-
ty (discharge or volume) is high, there will be a 
decrease in pollutant concentration level due to 
dilution. However, Figure 4 and Figure 5 show 
that uncertainties do not achieve ideal conditions 
in the level of  pollutant concentration with an in-
crease/decrease in the quantity of  water that oc-
curred. This shows that pollution control has not 
run optimally in these waters; in this case, both in 
Nanjung Post (river) and Saguling Reservoir Tur-
bine Intake Post.

Sitorus & Simangunsong (2013) states the-
re are more than 10 (ten) regulations starting from 
the law up to the applicable district regulations 
and regulating current pollution control efforts. 
These various regulations should have been able 
to protect and preserve the designation or functi-
on of  water bodies for the benefit of  the commu-

nity. However, the fact is that losses due to dete-
riorating river water quality increase in intensity 
and frequency. In many cases, the disposal of  in-
dustrial waste in Indonesia is legal because there 
is a permit to dispose of  wastewater that does not 
exceed its quality standards. However, pollution 
and various issues that accompany it still occur. 
Therefore, it should be suspected that one of  the 
main sources of  this pollution problem is in the 
regulations of  the licensing and quality standards 
of  wastewater which does not function to protect 
and preserve the designation of  a waterbody.

Subsequent analyses are then carried out by 
classifying the BOD values in dry years (R5, Mar-
kov 3 classes) and very dry years (R10, Markov 
5 classes) based on the classification of  Markov 
discharge data that has been carried out on the 
processing of  discharge/quantity of  water data. 
The BOD value data is then compared with the 
value of  the BOD parameter in the class I quality 
standard of  PP No. 22/2021 (2 mg/l) regarding 
the Implementation of  Environmental Protection 
and Management. The results are shown in the 
following Figure 6 and Figure 7.

Figure 6. Graphic of  BOD Quality Parameter for Dry Years (R5) in the Nanjung Post and Saguling 
Reservoir Turbine Intake 

From Figure 6 and Figure 7, almost all pa-
rameters of  biochemical oxygen demand (BOD) 
for dry years (R5, 3 classes) and very dry years 
(R10, 5 classes) pass quality standards class I of  
PP No. 22/2021 (>2 mg/l) for drinking water. 

The BOD parameter value in the Nanjung post 
is higher than the BOD value at the Saguling Re-
servoir Turbine Intake Post. The BOD parameter 
values in the Saguling Reservoir Intake post are 
also relatively stable.

Figure 7. Graphic of BOD Quality Parameters for Very Dry Years (R10) in the Nanjung post and Saguling 
Reservoir Turbine Intake
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If  it is analyzed further by assuming a cont-
rolled and constant pollutant load, the BOD value 
in the very dry year (R10) should be higher than 
the value during the dry year (R5). Meanwhile, 
Figure 6 and Figure 7 show different things. The 
highest BOD value was during the dry year (R5), 
i.e., 2004, which showed a BOD value reaching 
129 mg/l while the BOD value in the very dry 
year only reached 112 mg/l, i.e., 2011. This was 
due to pollution control in Indonesia, especially 
Bandung Basin has not been done well, so that 
the quality conditions are uncertain. The highest 
value of  BOD pollutant parameters in both dry 
and very dry years is the water-resistance rate in 
water quality. In this case, the highest value is du-
ring the dry year 5-year return period, i.e., 129 
mg/l. Data on the value of  quality quantities du-
ring dry and very dry years in Figure 6 and Figure 
7 can be used as the reference value for the worst 
water quality BOD parameters for the planning 
and construction of  water resource infrastructure 
that is more reliable and efficient.

BOD value in the Saguling Reservoir Intake 
Turbine post by utilizing the Saguling Reservoir di-
scharge is smaller and stable compared to the river 
flow (natural) in the Nanjung post monitoring site 
because of the dilution of the pollution concentra-
tion influence. It results in the water quality of the 
waters with a reservoir discharge and volume adjust-
ment and tends to be better than natural river flows. 
Reservoir water quality is strongly influenced by the 
environmental quality of the Upstream of the Ci-
tarum watershed, while the environmental quality 
of the watershed is affected by changes in land use. 
Waste diversity and its increasing or decreasing levels 
will affect the technical process of water resources 
infrastructure (Tampubolon et al., 2007). For users 
of water resources environmental services, decreasing 
the quantity and quality of chemical water due to inc-
reasing environmental degradation causes additional 
costs incurred by service users to obtain the same level 
of satisfaction (Tampubolon et al., 2007).

The incoming and measured BOD in Nan-
jung and Saguling Reservoir comes from activities 
(domestic, industrial, agriculture, and animal husban-
dry) in the Bandung Basin, Upstream of the Citarum 
Watershed. As a result of this pollution, the supply 
of safe drinking water is increasingly threatened. The 
disruption of the drinking water supply due to pollu-
tion or poor water quality has occurred. Meanwhile, 
the supply of drinking water has also suffered a decli-
ne in quality.  Protection of water quality must also 
be a priority in Indonesia. This approach obviated the 
need for a treatment plant, saved the city billions of  
money in capital and ongoing operations and mainte-
nance costs, and preserved a critical ecosystem (Grant 
et al., 2012).

Unsustainable and unsafe water use patterns 
highlight the importance of integrated water resour-
ce management and the failure of the government to 
implement integrated water resource management 
in planning and managing development in the past. 
With limited water resources, the spatial and tempo-
ral characteristics of water availability and pollution 
control require sufficient and calculated attention in 
development (Grant et al., 2012). Changing water 
use patterns and promoting effective implemen-
tation of  integrated water resource management 
are important strategies to improve water security 
in Indonesia. In addition, implementing an inde-
pendent hydrological and water impact assess-
ment study can help assess/estimate explicitly 
the availability of  water or water quality as a li-
mitation in decision making for social-economic 
development and to reduce the risk of  damage to 
water (Jiang, 2015).

CONCLUSION

Water security in the Bandung Basin falls 
into the category of  poor (rare) because the water 
security index only shows 174 m3 per capita per 
year. It is based on the quantity of  the mainstay 
discharge of  R10 (32.12 m3/sec) in the Nanjung 
Post compared to the population in the Bandung 
Basin, reaching 5.8 million inhabitants. Data of  
quality in a dry year (R5) of  129 mg/l and very 
dry year (R10) of  112 mg/l can be used as a value 
for the reliability of  water quality of  BOD para-
meters and can be used as a reference for planning 
and construction of  more reliable and efficient 
water resources infrastructure. Changing water 
use patterns and promoting effective implemen-
tation of  integrated water resource management 
are essential strategies to improve water security 
in Indonesia.
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