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1 Introduction
Urbanization refers to a process in which an increasing proportion of an entire population
lives in cities and the suburbs of cities and/or change of land use from agriculture to human
settlements, commercial sectors and industries.Urbaniziation and population pressure are two
main challenges to water ressource management, especially in cities of developing countries.
Regarding the groundwater resources it has te be mentioned that urbanization affects both the
quantity and quality of underlaying groundwater systems. In order to recognize the issues of
groundwater deterioration due to the improper urbanization condition in Yogyakarta City,
studies of urban groundwater recharge, groundwater vulnerability, potential contaminant load
and groundwater quality are carried out and new predictive relationship is derived for the
assessment of the groundwater contamination hazard. This paper will describe the influences
of urbanization on groundwater recharge.

2 Urbanization and groundwater
One of the most important issues of the growing city is the interaction between urban
development and groundwater, especially on cities located above shallow unconfirmed
aquifer. The interaction between urban development and groundwater may be explained in the
relation with the pattern and stage of city evolution on affecting the quantity and quality of
groundwater (see Figure 1). The changes of quantity and quality are caused commonly by the
increase of groundwater abstraction and the existing of new sources of recharge. Two
important previous studies of the effect of urbanized area on groundwater are given by Foster
et al. (1993) and Morris et a. (1994). Two main issues can be concluded from both studies; 1)
urbanized area changes groundwater recharge or cycle, with modification to the existing
recharge and the introduction of the new sources, 2) the introduction of new sources of
recharge in urbanized area causes extensive but essentially diffuse groundwater
contamination. Due to those above pressure, there are at least three main problems related

with groundwater under growing cities; (1) fluctuations in groundwater levels, (2) severe
groundwater contamination and (3) impact on engineering structure (Vasquez-Sune et al.,
2005).
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Fig. 1: Urban effects on groundwater

It is often thought that urbanization reduces infiltration to groundwater due to the
impermeabilization of the catchment by paved areas, buildings and roads. However, the
reverse is often true and recharge beneath cities is usually substantially greater than the preurban values (Foster et al., 1993, Lerner, 2000). The sources and pathways for groundwater
recharge in urbanized area are more numerous and complex than in rural environments. But
nevertheless, the increase of groundwater recharge in this area is known to be closely related
to three main sources: rainwater, wastewater and main leakage from water supply networks.
In cities where waste water is not exported (cities without sewers for waste water transport),
as mush as 90 % of abstracted and/or imported water may return as groundwater recharge
(Lerner et al., 1990). In these cities, the most important recharge source would be the
infiltration of waste water from large numbers of septic tanks, latrines and soakaways (Lerner,
2002). According to Lerner et al. (1990), the effect of urban recharge sources will be always
significantly larger than precipitation recharge in semi arid and arid regions. But in humid
areas, urban recharge may only balance the loss of precipitation recharge caused by the
impermeable areas, and the overall effect of urbanization will be small. On the other hand,
cities which use the local groundwater for their water supply, the effects of urbanization on
recharge are in general smaller than in cities that import water. The effect of urban process on

infiltration to groundwater can be relatively classified based on its rate, area and time. Cities
with on-site sanitation system have potentially major effect on increasing groundwater
recharge than cities with sewerage system. On the other hand, it can be also concluded that
almost all urbanization processes can potentially increase the rate of infiltration to
groundwater. In contrast to the effect of urbanization on the quantity of recharge, the net
effect of urbanization on the quality of recharge is generally adverse, especially if waste water
is an important component. The quality of recharge water from waste water (e.g. on site
sanitations, leakage sewers, etc) is commonly poor. This table also shows that the causes of
groundwater quality deterioration in urbanized area are complex, involving a combination of
contaminants.
Investigation or studies of contaminated groundwater in urbanized area of developed and
developing countries can be reviewed in many previous studies. But good comprehensive
reports of this problem can he found on Morris et al. (1994), Lerner & Barrett (1996),
Massone et al. (1998), Chilton (1999), and Wakida & Lerner (2005). The issue of
groundwater contamination of wastewater disposal is a more serious problem in cities of
developing countries where, generally, there are many high dense populated and unsewered
areas created by high rates of migration into cities (high population pressure). These areas are
unplanned and located in the outskirts of the cities forming shanty towns (typically between
30 and 60 percent of the overall urban population) where pit latrines or septic tanks are
common. In some cities, septic tanks and pit latrines are the only way to dispose of sewage
(unintegrated planned provision of sanitation), while groundwater is the main water drinking
source (unintegrated planned provision of water supply). As result, the worst contaminated
groundwater commonly found in cities sited on unconfined or semi-confined aquifers.
However, it should be realized that human activities in urbanized areas threaten the
groundwater not only due diffuse contaminant loading from urban recharge system, but also
due to point contaminant loading from landfill leakage, industrial leaks and many other ways.
Furthermore, one should also consider, that the occurrence of contaminants in groundwater
does not only depends on the characteristics of contaminant loading as a result of human
activity, but also depends on the inherent attenuation capacity of the intervening strata
between contaminant source and water table (Morris et al., 2003). This inherent attenuation
capacity of the intervening strata depends on its geological, hydrological and hydrogeological
condition (Daly et al., 2002).

3 Yogyakarta
Yogyakarta City is located in the central part of Java Island (see Fig. 2). In the 1930s,
Yogyakarta was just a small town in the interior of Java with a population of approximately
60.000 inhabitants (Baiquni 2004). In the last two decades, urbanisation has transformed the
structures of Yogyakarta City and it grew beyond its administrative boundary with about
1.000.000 inhabitants (Subanu 2004). Urbanisation has transformed rural dwellings to become
urban settlements and generated an urban agglomeration area. The Yogyakarta urban
agglomeration area consists of the Yogyakarta City municipality and two regencies i.e.
Sleman and Bantul. Percentage of urban population in the Yogyakarta Province has
significantly increased from 22% in 1980 to 58% in 2000. This increase has simultaneously
occured with the growth of the urban area. The population density in the Yogyakarta City
municipality area varies between 10.000 – 30.000 persons/km2, while the population density
in its agglomeration area ranges between 1.000 – 3.000 persons/km2.
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Fig. 2: Location of the investigation area

Since the 1970s, the settlement pattern of Yogyakarta-City was shifting to many directions
defined by main road networks and service centres. This shifting has been accelerated by
urbanisation activities. Until now, new business centres, education centres and tourism centres
are growing hand in hand with new settlements (formal or informal) without proper provision
of water supply and sanitation system. The old supply and sanitation system was
supplemented by a new network in 1998. However, the sewage system with the new network
can serve only 9 % of the city populations (Sukarma & Pollard 2002). As a result, more than
90 % of the population are using on-site sanitation system. The other characteristics of
urbanisation in Yogyakarta City are the wide shallow infiltration wells. Shallow infiltration
wells are used as alternative way to dispose domestic wastewater direct into groundwater.

4 Groundwater recharge in Yogyakarta
Infiltration of contaminant to the groundwater generally related to the recharge process of
groundwater. In the urbanized area, the source of recharge can be differentiated into two
sources; natural recharge from precipitation and urban recharge (Lerner, 2002). Because only
9% of the population in the Yogyakarta City are served by sewage system, it can be assumed
that wastewater from on-site sanitation, latrines, soakaways and main leakage from the water
supply become the major source of groundwater recharge. Based on those factors, the
calculation of the rate of urban recharge is conducted and reveals that net urban infiltration in
the study area is about 45.6 million mm/a (Table 1). Considering that the width of the study
area is about 226.4 km², the average urban recharge of the groundwater within the study area
would be about 201mm/a.

To estimate the urban groundwater recharge, the equation below can be used:
Net urban groundwater recharge: Uu = LI + LS + LW + Lnd
LI = Leakage from water supply system
LS = Leakage from sewer system
LW = not exported domestic waste water
Lnd = non domestic wastewater
Component of urban recharge

Q (million m3/a)

Total domestic use (QD); about 70% demand is fulfilled by local
shallow groundwater abstraction and less than 30% of demand can be
supplied from the existing water supply system

No.
1

a

51.17

2

a

6.92

3

Potential domestic waste water ( WP = QD - Qc)

4

a

5

Domestic waste water not exported (WNE = WP – WS)

6

b

Leakage from water supply system (LI)

5.76

7

a

Leakage from sewer system (LS)

0.37

8

c

90 % not exported domestic waste water (LW = 0.9 x WNE)

37.5

9

c,d

1.95

Net urban groundwater recharge (UU = LI + LS + LW + Lnd)

45.6

10

Domestic consumptive use (Qc)

Domestic waste water exported via existing sewer system (WS)

90 % non domestic wastewater (Lnd)

44.25
2.56
41.69

Tab. 1: Urban groundwater recharge in Yogyakarta

The total groundwater recharge (natural and urban recharge) of the study area is found to be
about 434 mm/a. Lerner et al., (1990) stated that in humid areas urban recharge may balance
the loss of precipitation recharge caused by impermeable areas, and the overall effect of

urbanization on recharge will be small. Since the study area is located in the tropical humid
area, thus it is reasonable to estimate the groundwater recharge in the study area based on the
precipitation recharge of natural - rural land use condition.

5 Conclusion
It was shown that urban groundwater recharge can drastically affect local aquifer systems in
terms of quantity and quality. In regard to land use urban areas quality problems often span
multipoint source contamination. Finally, it can be concluded that the impacts of improper
urbanization are evident in shallow groundwater of Yogyakarta and its agglomeration area. It
seems to be necessary that Yogyakarta needs a low cost water resource management system
and a low cost decentralized water treatment system which is accepted by the population.
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