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ABSTRACT 

Although Garang River Basin has belonged to priority basin to be 

rehabilitated since 2010, today the quality of the water still cannot 

meet the requirements of drinking raw water. A combination of 

wireless sensors network, data owned by actors (government and 

non-government) involved in the management of the river, and 

Volunteered Geographic Information (VGI) for river basin 

management are introduced in this paper to solve the problems. 

And, by inviting public citizens as VGI to get involved in public 

service management, it will improve the accountability of the 

(government) public service offices. The public can monitor the 

quality and the quantity of the river water in a real-time basis 

through Facebook Group, and they can report the changes of the 

quantity and the quality of the water to the authority and also 

monitor the response to their reports.  

CCS Concepts 
 

• Applied computing~E-government  

Keywords 

Garang River Basin; Volunteered Geographic Information; 

digitalization; public accountability. 

1. INTRODUCTION 
The convergence of governance theory and network society has 

become an important topic [3], also in river basin management. 

Governance theory emerged in 1980s [4; 6] as the result of the 

bankruptcy of many governments all over the world. According to 

Rakodi [13] and Stoker [14], governance implies that public 

services are not a monopoly of the governments but involving 

non-governmental actors such as private sectors and civil society. 

Almost at the same time, network society has also become an 

important topic in public service management [2]. Bras et al. [1] 

define network society as a set of nodes and the set of ties 

representing some relationship, or lack of relationship, between 

nodes. 

Before the convergence was settled especially for river basin 

management, the development of Information and 

Communication Technology (ICT) not only has made easier for 

actors to communicate one to another, but it also brings about a 

new concept of digital network, including involving ordinary 

people to public service management. Wesselink et al. [15] is one 

of the authors who introduces that active public participation in 

public services through mobile application has made public utility 

become more responsive and accountable.  

The introduction of geographic information produced by people 

who have little formal qualification or citizens as sensors [7] is 

called Volunteered Geographic Information (VGI) [12]. 

According to Poser and Dransch [12], VGI can enhance, update or 

complement existing geospatial datasets. Some authors use VGI 

for flood management [5], combine VGI with wireless sensors 

network for flood management [8], and online monitoring river 

basin [16].  

This paper is intended to deploy a combination of wireless sensors 

network, data owned by actors (government and non-government) 

involved in the management of the river, and VGI for river basin 

management without disregarding the importance of the validity 

of the VGI for Garang River Basin in Central Java, Indonesia. The 

intention is that there will not be the duplication of data produced 

by stakeholders of Garang River by sharing and updating data by 

all stakeholders of Garang River. The platform used is Facebook 

Group which is a very popular social media in Indonesia. With all 

of these, hopefully, Garang River can be managed for its 

continuity, the sustainable quality, and quantity of the river water.   

There are three rivers in Garang River Basin namely Garang 

River, Kreo River, and Kripik River. The water from all the three 

rivers is the source of Tirta Moedal piped water supply company 

owned by Semarang City Government. Although Garang River 

Basin has belonged to priority basin to be rehabilitated since 2010 

[10], today the quality cannot meet the requirements of drinking 

raw water. 

2. THE CASE: GARANG RIVER BASIN 
Garang River Basin is located at 110o 11’ 28” – 110o 25’ 59’’ and 

6o 56’ 46” – 7o 11' 47" longitude. It covers an area of 21,277.36 ha 

in three cities and municipality of Semarang City (53.82% of the 

total area), Semarang Municipality (33.38%) and Kendal 

Municipality 12.79%). 



 

Figure 1. Garang River Basin 

Garang River Basin is divided into three sub river basin, namely 

Garang Sub River Basin which covers an area of 10,773 ha, Kreo 

Sub River Basin of 6,856 ha and Kripik Sub River Basin of 3,647 

ha. The main river course is Garang River which length is 77.05 

km (26.83 km in a straight line). The upper end is located at 1,700 

meters above sea level which slope is 69o which constitutes the 

vulnerability of the basin from hydrological problems. 

According to the Central Java Governor Act No. 156 of 2010 

about Water Use and the Management of Garang River Water 

Quality in Central Java, the basin is divided into seven segments 

[9]. 

Segment 1 is the upper side of Garang River. Its length is 12.2 km 

and covers the Semarang Municipality and Semarang City. Most 

of the activities include agriculture and farming, industry, cattle 

breeding, and housing area. Segment 2 is located in Semarang 

City which length is 11.5 km. Most of the industries located in 

this area potentially pollute this segment. Besides industries, 

housing area is the dominated this area. Segment is 3 also in 

Semarang City. Its length is only 2.4 km and most of the land in 

this area is for housing area and agriculture. All these three 

segments water should meet the requirements as raw water for 

drinking.  

Segment 4 is a cross-section between Garang sub river basin and 

Kreo sub river basin. This segment is located in the three local 

governments of Semarang City, Semarang Municipality and 

Kendal Municipality. Its length is 15.5 km. Most of the area is 

used for agriculture and farming, industry, final disposal of 

Semarang City solid waste, and housing area. At the upper part of 

Kreo River locates Jatibarang Dam. 

Segment 5 is a cross-section of Garang sub river basin and Kripik 

sub river basin. The upper part of Kripik sub river basin locates at 

Semarang Municipality. The length of this segment is only 2.6 

km.  

The intake of PDAM Tirta Moedal of Semarang City is located in 

Segment 6. In this segment, there are also industries, Karyadi 

hospital, and housing area. While in Segment 7 which is also the 

lower part of Garang River which is known as Banjir Kanal Barat, 

besides housing area, there are also some small and medium 

enterprises such as tofu and tempeh and also housing area. 

3. RIVER TRACKING AND THE RESULT 

OF WATER QUALITY TEST 
After doing a river tracking and take some water example to be 

tested for its quality. The wireless sensors are put in some points 

of the segment. 

 

Figure 3. The Places for Wireless-Sensors 

There are two main reasons for putting the wireless sensors at the 

seven places in Figure 3. First, it is based on the result of the 

water quality test. 

Table 1. Coliform and Fecal Coli 

Paramet

er 

Standa

rd 

Segment 

I IV V (1) V 

(2) 

VI VII 

Total 

Colifor

m 

10.000 2.40

0 

1.30

0 

> 

16.0

00 

5.40

0 

3.50

0 

5.40

0 

Total 

Fecal 

Coli 

2.000 1.30

0 

270 > 

16.0

00 

3.50

0 

3.50

0 

3.50

0 

Source: Water Quality Laboratory Test (2018) 

Note: numbers in grey are the numbers that beyond the standard 

for raw water for drinking 

Table 2. Physical Parameters 

Parameter Standa

rd 

Segment 

I IV V 

(1) 

V 

(2) 

VI VII 

Temperatur

e(0 C) 

 23,

6 

23,

3 

23,

4 

23,

3 

23,

4 

23,3 

Total 

Dissolved 

Solid 

1.000 11

7 

13

5 

16

0 

13

5 

13

8 

˂  

10.00

0 

Total 

Suspended 

Solid 

50 10 ≤ 5 15 ≤ 5 27 406 

Source: Water Quality Laboratory Test (2018) 



Note: numbers in grey are the numbers that beyond the standard 

for raw water for drinking 

Table 3. Chemical Parameter  

Parame

ter 

Stand

ard 

Segment 

I IV V 

(1) 

V 

(2) 

VI VII 

pH 6,0 – 

9,0 

8,5 9,5 7,9 9,3 8,8 7,9 

Nitrit 

as N 

0,06 0,01 0,14 0,01 0,07 0,08 0,13 

Ammo

nia 

0,5 ≤ 

0,03 

1,58 0,07 0,11 0,1 1,03 

Chromi

um val. 

6 

0,05 ≤ 

0,00

8 

≤ 

0,00

8 

0,02 ≤ 

0,00

8 

≤ 

0,00

8 

≤ 

0,00

8 

Sulfat 400 4,9 135

6 

22,8 25,8 25,2 125

8 

Fero 0,3 ≤ 

0,07 

≤ 

0,07 

≤ 

0,07 

≤ 

0,07 

≤ 

0,07 

≤ 

0,07 

Manga

n 

0,1 ≤ 

0,03 

≤ 

0,03 

0,05 ≤ 

0,03 

≤ 

0,03 

0,32 

Cu 0,02 ≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

Zink 0,05 0,10 ≤ 

0,02 

0,11 ≤ 

0,02 

≤ 

0,02 

0,11 

Chlorid

e 

600 6 11 17 14 12 397

0 

COD 10 16 16 87 16 23 187 

BOD 2 4 3 8 5 6 21 

Flourid

e 

0,5 0,19 0,1 0,06 0,14 0,08 0,64 

Nitrat 

as N 

10 1,2 0 0 0,02 0 0 

Arsen 0,05 ≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

≤ 

0,01 

Pb 0,03 ≤ 

0,03 

≤ 

0,03 

≤ 

0,03 

≤ 

0,03 

≤ 

0,03 

≤ 

0,03 

Cadmi

um 

0,01 ≤ 

0,00

6 

≤ 

0,00

6 

≤ 

0,00

6 

≤ 

0,00

6 

≤ 

0,00

6 

≤ 

0,00

6 

Seleniu

m 

0,01 ≤ 

0,00

5 

≤ 

0,00

5 

≤ 

0,00

5 

≤ 

0,00

5 

≤ 

0,00

5 

≤ 

0,00

5 

Hg 0,001 ≤ 

0,00

02 

≤ 

0,00

02 

≤ 

0,00

02 

≤ 

0,00

02 

≤ 

0,00

02 

≤ 

0,00

02 

Sianida 0,02 0,00

9 

0,01 0,00

9 

0,00

8 

0,01 0,01 

Chlor 0,03 0,14 0,15 0,18 0,19 0,17 0,22 

Sulfide 0,002 ≤ 

0,04 

≤ 

0,04 

≤ 

0,04 

≤ 

0,04 

≤ 

0,04 

≤ 

0,04 

Deterge 200 41,5 70,5 66,1 69,6 54,9 220 

Parame

ter 

Stand

ard 

Segment 

I IV V 

(1) 

V 

(2) 

VI VII 

nt 

Fenol 1 300 300 410 360 430 590 

Fosfat 0,2 0,98 0,88 1,37 1,43 1,01 1,58 

Greese 1000 400

0 

400

0 

500

0 

400

0 

300

0 

500

0 

Source: Water Quality Laboratory Test (2018) 

Note: numbers in grey are the numbers that beyond the standard 

for raw water for drinking 

The second reason of putting the wireless sensors at the seven 

places is in order to know the condition of the water of three 

rivers before the cross sections; and also the possible changes in 

quality after the activities which are assumed might influence the 

changes such as the location of industries and housing areas. The 

location of the seven places also might it possible to give times for 

anticipation for the Tirta Moedal piped water supply company to 

response of the changes in the quality of the raw water.  

4. PLATFORM 
The platform used is Facebook Group. Facebook Group will be 

used to integrate the information from (1) the actors involved in 

the management of Garang River such as the Central Java Office 

of Public Works, Water Management and Spatial Planning; 

Pemali Juwana River Management, Tirta Moedal piped water 

supply company, Meteorological and Geophysical Office, data 

from the wireless sensors and also public citizens who give 

reports on the changes in the quality and quantity of the water of 

Garang River. 

The information from public citizen will be double checked 

before it will be published in the Facebook Group. The first check 

is about the authority which is verified by the membership to the 

group, and second, for non-member, the double check will be 

done by comparing the information from the public citizen with 

the data from the wireless sensors. 

The data from wireless sensors will be displayed in a real time 

basis in the form of graphics and tables. The wireless sensors used 

are pH meter, GPS for locating the sensors, temperature meter, 

elevation of water level, and turbidity. In future time all the data 

can be used as inputs for mathematical modeling to forecast the 

future, for example, the changes in the land use, and also identify 

the probable contaminants and their probable sources for law 

enforcement. Links on the Facebook Group to the wireless sensors 

data and other actors' data are shown in the Facebook Group. 

5. FINAL REMARKS 
There are still many things to be developed. However, a network 

river basin management might improve the efficiency and 

effectivity of Garang River Basin management and avoid 

duplication of data and efforts to collect the data such as 

mentioned by Pedegral et al. [11]. And hopefully such as 

mentioned by Wesselink et al. [15], inviting public citizens to get 

involved in public service management will improve the 

accountability of the (government) public service offices. 
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