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Abstract 

Although land is abundant, biophysical constraints on Gunung Sewu Karst in Java, Indonesia, 
limit soil fertility and water availability. Gunung Sewu farmers depend heavily on the land for 
their survival yet they have a scarcity of the resources needed for productivity. Faced with the 
need to survive, they have developed cultural, physical and social self-insurance strategies to 
increase the return from those resources available to minimise the risks to their food security and 
income. Strategies for land use choices are driven by socio-economic circumstances (social, 
economical and cultural needs), while strategies for income are driven more by the physical 
environment. The study confirms that human adaptation strategies are as important as environ-
mental circumstances in determining the consequences of people’s interaction with the land. 

The rocky desertification that occurs in the area reflects the unsustainability of current rural 
practices, although this cannot be blamed entirely on current practices. Historical analysis of 
Gunung Sewu land use shows that environmental degradation is often triggered by external social 
factors such as population growth, politics and economic problems as much as, or more than, by 
the limitations imposed by biophysical factors. Therefore, the sustainability of current resource 
management in the area cannot be measured by the current extent of land degradation. Instead, 
there is a need to focus on the causes that underpin the dynamics of a system, not the effects 
(impacts), i.e. the underlying causes of people’s motivation and behaviour with respect to re-
source management must be considered. In effect, sustainability indicators for resource manage-
ment in Gunung Sewu should be addressed through causal indicators portraying the interactions 
between people and environment. 

A system dynamics approach coupled with steps from PICABUE methodology are used to de-
velop sustainability indicators. From a system dynamics perspective, five interacting sub-systems 
make up the resource management system of Gunung Sewu, i.e. water, demography, food pro-
duction, economy and culture (where water is treated as exogenous factor). Out of these sub-
systems, culture is the most influential but the least influenced. The sustainability indicators for 
the system are soil conservation effort, interest in traditional farming, education level, births, on-
farm income, outmigration, rice consumption and crops consumption, each crammed with sensi-
tive parameters, most of which belong to the culture sub-system. This suggests the important of 
cultural indicators in an evaluation of the resource management sustainability of a resource-poor 
area.  
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Chapter 1 
CONCEPTUAL FRAMEWORK FOR SUSTAINABILITY 

RESEARCH IN KARST REGIONS 

1.1 Introduction  

This thesis examines the sustainability of resource management in an area of land degradation in 

an upland area of Gunung Sewu Karst in Java, Indonesia. Gunung Sewu Karst, in the Regency of 

Gunungkidul, has been recognised in the karst literature since 1845 (Jughuhn, 1850) and has been 

known as one of the world’s “type sites” for humid tropical karst (Uhlig, 1980) since the work of 

Lehmann in 1936, making it the prototype for the morphology of the half–cupola (or sinoid) karst 

in Southeast Asia (Lehmann, 1981).  

Gunung Sewu is primarily an agriculture area characterised by a strong interaction between 

people and the environment. It is a very poor region. Newspaper reports commonly blame pov-

erty as the primary cause of the high number of suicides in the area of Gunungkidul (Darman-

ingtyas, 2002). Indeed, Subterra (2003) argues that Gunungkidul has the highest number of 

suicides of any region in the country. Adverse ecological conditions are believed to have aggra-

vated the area’s poverty (Nibbering, 1999; Suara Pembaruan Daily, 1997) while in turn, the 

poverty is blamed for land degradation (Karnawati, 2006).  

In a broad sense, the thesis examines the socio-economic and cultural factors that influence 

farmers’ decision-making about resource management. Bio-geophysical attributes and the history 

of Gunung Sewu area are also considered, recognising that complex geographical, historical, 

cultural and political influences have helped shape decision-making and so, sustainability. His-

torical records are used to convey how the landscape has changed over time.  These confirm the 

view that over time, population pressures on the land have increased to change the landscape. At 

the same time, and in response, people have had to modify their land use.  

This chapter explores the concept of sustainability and develops an operational definition that 

focuses on sustaining livelihoods in resource-poor rural communities. In particular, it explores 

the nature of the linkages between society (households and communities) and environment. It 

then goes on to examine the challenge of using indicators to measure sustainability and highlights 

the significance of interdisciplinary research. Taken together, these two elements are then used to 

identify those research questions which define the aims and objectives of the thesis.  
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Chapter 1 

1.2 Sustainability: The Development Challenge in Resource-Poor Area 

Over the past three decades, the concept of sustainable development has become a popular catch-

phrase and the focus of much debate on public policy. The Brundtland Report (WCED, 1987) 

served as a milestone. The Report defines sustainable development as development that “meets 

the needs of the present without compromising the ability of future generations to meet their own 

needs” (p.43), and has received worldwide acclaim. It has generated considerable academic 

research, but as yet, this has not necessarily resulted in a more sustainable environment. On the 

other hand, the term has produced a plethora of literature and discussion as to the definition of 

sustainable development, some components of which can be seen in Table 1.1 below.  

Table 1.1 Main Components of Some Sustainable Development Definitions 

Definition Message General Objective Difficulties 

Brundtland (1987) Intergenerational legacy 
Constraint development 

Development on needs 
only with minimal damage 
basis 

How do you 
measure needs of 
the future? 
Does not address 
scale? 

Pearce et al. (1990) Equal access to resources 
across generations 

Acknowledge the limits of 
resources in equitable 
intergenerational manner 

Who decides and 
organises? Evi-
dence base? 

Wackernagel and 
Rees (1996) 

Equitable living 
Environmental protection 

Acknowledge the limits of 
resources in equitable 
manner 

Who decides and 
who organises? 
Evidence base? 

Robert et al. (1997) Limits to natural resources Acknowledge the limits of 
resources 

What are the socio-
economic effects 
of this? 

UK Department of 
Environment, Trans-
port and Regions 
(1999) 

Social progress, economic 
growth, environmental and 
resource protection 

Balance of interests Compromise and 
conflict – who 
decides priorities? 

Girardet (1999) Citizen need and well-
being 
Environmental protection 

Equity and avoid damage 
to others 

Who organises the 
operating system? 

National Strategies 
for Sustainable 
Development (2000) 

Socio-economic develop-
ment 
Intergenerational legacy 

Similar to Brundtland but 
narrower base 
 

How do you 
measure needs of 
the future? 
Does not address 
scale? 

Source: Mawhinney (2002) 

 
Pearce et al. (1989) found over two hundred different definitions of sustainable development 

ranging from sustaining the environment to sustaining economic growth. This shows the ambigu-

ity surrounding the subject and the meaning of the words themselves as well as inconsistency in 

its interpretation (Lele, 1991). However, Solow (2000) and Ryan (1995) argued that sustainable 

development is not meaningless but inevitably vague, as the definition involves inclusion of 
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words such as efficiency, indefinitely, balance of environment, favourable to humans and other 

species. Equally, Barbier (in Tisdell, 1990) suggested that it may be extremely difficult, if not 

impossible, to define sustainability in any analytically rigorous way.  

Despite the range of definitions attached to sustainable development and sustainability, all share 

common aims, particularly maintaining the integrity of nature and increasing people’s welfare. 

Specifically, development must: 

1) Create a biophysical environment, which is able to continuously support the lives of the 

people. This involves the conservation of essential ecological processes. 

2) Be able to give significant benefits to the people living in an area. This involves the issue 

of human ecology/welfare. 

1.2.1 Sustainable development in a system dynamics perspective 

Randers (2000), in an article reviewing Jay Forrester’s World Dynamics (Forrester, 1971), revis-

ited the critical feedback structures in global models (Meadows et al., 1972; and Forrester, 1971) 

in the context of sustainable development. Forrester, a system dynamicist, defined the issue of 

unsustainable growth, pointed to its likely consequences and provided the elements of a funda-

mental solution by presenting the “equilibrium run” of his world model. Randers (2000) argued 

that the concept of Forrester’s equilibrium is similar to “sustainable development” but that the 

new phrase is more acceptable and has broader support. 

In this current century, sustainability is still far off, in spite of the early warning given by the 

world dynamics studies. Randers (2000) demonstrates that system dynamics have stood the test 

for more than three decades in the context of global sustainable development; thus it is a power-

ful approach and the challenge lies in its implementation. The strength of a system dynamic lies 

in its basic tools, consisting of a system structure that employs causal loop diagrams, unquanti-

fied variables, reference mode and leverage (sensitive) points (Randers, 2000), which are further 

explained below: 

1) A focus on the basic causal structure. The complex problems of a social system can be 

put onto one piece of paper by showing the relationships between each variable making 

up the basic structure of the problem. System structure drawn as an influence diagram 

(feedback loop) suggests the necessary empirical approach to the problem in question. 

Identifying feedback loops from the diagram may help to generate insights into the prob-

lem. A correctly-drawn influence diagram is the basis for a quantified model and is easily 

transformed into questions (Coyle, 2000). 
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2) Inclusion of unquantified variables when they are important. System thinking views a 

problem within the context of its environment. Therefore, qualitative variables play an 

important role because they represent conditions or phenomena that cannot be measured 

by quantitative approaches (Maani and Cavana, 2000). Any qualitative variables are por-

trayed in social issues and these have indeed become recognised as more important than 

previously realised, so much so that Randers (2000) suggests they form the third leg of 

sustainability. 

3) Use of a reference mode. A reference mode shows the behaviour of a variable over an ex-

tended period, and so can indicate the variations and trends in the variable of interest. A 

model can give insights into the underlying dynamics present in a system (Manni and 

Cavana, 2000). 

4) The search for sensitive (leverage) points. “In system thinking, leverage refers to actions 

or interventions that can have lasting impact on the system as opposed to removing the 

symptoms of a problem” (Maani and Cavana, 2000; 37). In other words, these are the 

points within the system where small changes to the parameter values will cause consid-

erable changes to the behaviour of the model. This is an important consideration in re-

source management where one wants to identify and make relevant intervention 

strategies. 

1.2.2 A system perspective on the relationship between natural environment and 
human society 

Most of the definitions of sustainable development can be grouped as either an economist’s or an 

ecologist’s perspective. These have given rise to an important distinction that focuses on the 

substitutability between economy (economic goods/manufactured capital/physical capital/human-

made capital) and environment (environmental services/natural capital) known as weak and 

strong sustainability. This is a debate evident in much of the literature on sustainable develop-

ment (Daly, 1995; Morse and Stocking, 1995; Pearce et al., 1990).  

The difference between the two types of sustainability lies in the type of capital. Human-made 

capital is capital generated through economic activity, through human ingenuity and technologi-

cal change, including all infrastructures, purchased goods and manufactured items such as tools 

used to support livelihoods. Natural capital consists of non-renewable and renewable resources as 

well as environmental services including natural environment (topography, soil and water), 

livestock, crops and other plants that together support livelihoods (Stocking and Murnaghan, 

2001; Berkes and Folke, 1992). Pearce and Warford (in Morse and Stocking, 1995) added a third 

“middle-way” economic perspective on sustainability, i.e. moderate sustainability where constant 

4 



Chapter 1 

capital cannot be maintained but has to be protected from irreversible decline. However, this has 

not generated much attention in the literature.  

Weak sustainability requires that the total volume of natural and human-made capitals be sus-

tained. Weak sustainability assumes that to achieve sustainability, a loss in natural capital can be 

compensated by increasing human-made capital through investment and technology (Solow, 

2000; Destais, 1996). Strong sustainability suggests that the existing stock of natural capital must 

be maintained and enhanced because the functions it performs cannot be duplicated by human-

made capital. Both types of sustainability imply a centralised decision-making process and a 

decision-maker who decides on behalf of society. Therefore the decentralised decision-makers at 

family level would not and need not make the choice between weak or strong sustainability.  

Although it is perhaps not necessary to distinguish the type of sustainability, it is important to 

mention the types of capital involved. According to Daly (1990), it is impossible for human 

ingenuity to create human-made capital without support from natural capital. Furthermore, 

Berkes and Folke (1992) believe that it is impossible to approach sustainability by only focusing 

on the interrelationship between these two capitals. Thus they have added a third dimension, 

which they refer to as cultural capital which they define as “factors that provide human societies 

with the means and adaptations to deal with the natural environment and to actively modify it” 

(p. 2). This includes the various ways in which societies interact with their environment, includ-

ing cultural diversity (Gadgil, 1987). Diverse cultures hold the key not only to diverse adapta-

tions to the environment, but also to a diversity of worldviews, philosophies and ethics that 

underpin these adaptations. Many resource-use problems can be traced in part to some of the 

same elements that are assigned to cultural capital, such as ethics, cultural diversity, religion and 

social institutions (Berkes and Folke, 1992). 

From a system perspective, the three capitals are strongly interrelated as they shape the way 

people interact with their environment and their use of natural capital. In effect, sustainability 

focuses on the relationship between environment and people and is now broadly accepted by 

global policy makers and commentators as a fundamental concept that should underlie all re-

source management. Acceptance of this stance requires a shift in emphasis from the physical 

resource base per se to a fuller recognition of the social context within which resources are used. 

Of course, calls for such a shift are not new (see, for example, Blaikie, 1995) but the need to 

make this shift is now more broadly accepted as urgent.  

1.2.3 Need for cultural indicators 

The concept of sustainable development addresses a concern for degrading natural resources. 

Therefore, it is understandable that much research on sustainable development focuses on less-
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developed countries, where most of the people live in rural areas and whose livelihood, for the 

most part, depends directly or indirectly on the exploitation of natural resources. These people 

often face difficult trade-offs in decision-making about natural resources. On the one hand, the 

people need to exploit natural resources but on the other hand, they need to conserve the produc-

tive capacity of these resources to sustain their livelihood. Lack of alternatives as well as compe-

tition for resources often drives them into poverty. Inevitably, this in turn tends to encourage 

farmers to focus on immediate needs rather than on those benefits that may materialise in the 

longer term.  

According to Pillai (2001), the fundamental premise of sustainable development involves a two-

way link between poverty and degradation, in that poverty is both a cause and an effect of envi-

ronmental degradation. This alone however is simplistic as research suggests that both poverty 

and environmental change have deep and complex causes as evidenced by Lumley (2002), Shif-

eraw and Holden (1999), Cavendish (1999a and 1999b, 1998), Brouwer et al. (1997), Rahman 

(1995), Tiffen (1993) and Jodha (1991, 1986). Despite considerable research on poverty-

environment linkages as shown by a thematic bibliography on poverty, environment and sustain-

able development prepared by the World Bank (Pillai, 2001), the nature of the link between 

poverty and environment (although often mentioned in debates on sustainable development) is 

seldom explored. However, Vosti and Reardon (1997) who edited a book on sustainability, 

growth and poverty alleviation concluded that the links between poverty and environment are 

determined by the behaviour of rural communities and households, since they are the immediate 

users and managers of rural ecosystems, albeit at a subsistence level.  

Poverty is often measured according to income, consumption or nutrition criteria, based on a 

benchmark minimum income sufficient to attain minimum caloric intake or to buy a diet just 

sufficient, given a specific regional diet level and composition (BPS Kab. Gunungkidul and 

Bappeda Gunungkidul Regency, 2000; and UNDP, 1999; Greer and Thorbecke, 1986). However, 

this measurement of poverty cannot be applied in all areas due to different socio-economic condi-

tions. Hence, it is inadequate to say that the level of welfare is the only means of measuring 

poverty. In response, Reardon and Vosti (1995) argue that both environmental change and pov-

erty are multifaceted and should be decomposed into a number of categories as each type of 

environmental change and poverty affects poverty-environment relationships in a different way. 

They define poverty according to those assets in which households are poor, i.e. poor in: natural 

resources, human resources, on-farm resources, off-farm resources, community-owned resources, 

and social and political capital. This perspective is similar to that of Stocking and Murnaghan 

(2001) who also note that such capital assets affect farmers’ decisions on land management and 

term these as sustainable rural livelihoods framework.  
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Food is one of the factors that determine why the poor take decisions to spread risk and how they 

finally balance competing needs in order to survive. This is shown by their adoption of a specific 

farm system that defines the way a rural community copes with the environment to produce food. 

Therefore, when talking about sustainable development in a rural area, we are really talking about 

food security. It may be argued that food security is often achieved at the expense of environ-

mental degradation. However, Chambers (in Saad, 1999) argues that the poor have a vested 

interest in conserving their natural resource base, for both food security and livelihood reasons. In 

line with this, De Waal (1989) claims that the people of Darfur in Sudan chose hunger during 

periods of famine in order to save seed for planting and cattle for breeding to preserve their 

assets, and thus assure their longer-term livelihoods. Also in Africa, Corbett (1988) found that 

preservation of assets takes priority over meeting immediate food needs, when all other options 

have been exhausted. Similarly, a number of studies of famine in South Asia have suggested that 

people who live in conditions which put their main source of income at risk, develop self-

insurance strategies to minimise risks to their food security and livelihood (Jodha, 1981, 1978, 

1975; Morris, 1975, 1974).  

Therefore, to understand how farmers make decisions regarding their environment, the central 

importance of farmers’ concerns including their problems, interests and goals must be clarified. 

Douglas (1989) considers that in small, resource-poor rural households faced with the primary 

need to survive and satisfy basic needs, socio-economic circumstances are generally more impor-

tant considerations in designing effective conservation methods than the constraints imposed by 

the physical environment. This reinforces the point that conservation efforts must be designed 

with local social-economical consideration in mind. The causes of environmental degradation for 

example, are firmly rooted in the socio-economic, political and cultural environment in which 

land users operate (Stocking and Murnaghan, 2001; Urich, 1995; Biswas et al., 1990; Blaikie in 

Adams, 1990; Green and Heffernan, 1987). Consequently, while there is a need to incorporate the 

natural environmental, social, economical and political understanding into policies for sustainable 

development, planning for sustainable development must focus on the power of local people to 

manage the environment on which they depend.  

The whole domain of human culture and knowledge is a critical, yet undervalued and unmeas-

ured dimension of development and thus of sustainability. Economic and political factors often 

put pressure on the resource base and people are forced into land-use practices that are not sus-

tainable. There needs, therefore, to be a new conceptual framework to move the debate on the 

link between poverty and environment into a more practical and strategic domain. Such a frame-

work should identify the household and community behavioural determinants of the links and 

identify those factors that condition this behaviour. This is what the thesis sets out to address. The 
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thesis delves into the underlying causes that motivate or persuade farmers to conserve their land. 

It examines the choice of livelihood strategies where the environment is particularly important 

for subsistence and employment. Poverty in this thesis is defined as lack of natural capital and the 

poverty in question is explored with respect to an agricultural community in a resource-poor area 

which includes a scarcity of natural resources.  

Consequently in the specific context of this thesis, sustainable development may be best de-

scribed in terms of the cultural beliefs and the quality of family life rather than in terms of eco-

nomic indicators. In effect one might argue thatthe preservation of cultural values supporting the 

integrity of the landscape to protect water and soil qualities to ensure the perpetuation of eco-

nomic welfare and the fulfillment of quality of life of the residents to achieve prosperous family 

1.3 Measuring Development Sustainability 

Within sustainable development, the debate has to some extent moved on from the issue of 

definition to one of measurement, despite the fact that no definition to date can be used as a 

yardstick to say whether a system has or has not reached sustainability, or how far it is from 

sustainability. Mitchell (1997) emphasises the essential need to measure sustainable development 

to promote a sustainable society and suggests the use of indicators. The Earth Summit (UNCED, 

1992: Agenda 21 Chapter 40) comments specifically on the need for indicators: “Indicators of 

sustainable development need to be developed to provide a solid base for decision making at all 

levels and to contribute to a self-regulating sustainability of integrated environment and devel-

opment systems”. In addition to monitoring progress towards sustainable development, indicators 

as measures of sustainable development may be used to judge the effectiveness of policy, and 

ultimately will assist in setting policy (Mitchell, 1997; Kuik and Verbruggen, 1991).  

It is evident that identifying indicators that are clear, compelling, timely and cheap to measure is 

not easy. The 1990s showed a boom in programmes to devise sustainable development indica-

tors. In a dynamic system like human society, sustainability is fundamentally a question of bal-

ance maintained over time. It is thus something that cannot easily be scaled and measured, and 

may be more easily defined in practice as the lack of forces which might upset the equilibrium 

over time. This is why most indicators are in fact measures of unsustainability. Yet, we need 

indicators to manage natural resources and help us to narrow the different mental models and 

different worldviews.  

A good summary of biophysical and social indicators is given in Munesinghe and Shearer (1995), 

and includes such things as soil acidity, erosion and genetic reserves. Although many authors on 

sustainability have stressed the importance of social values, the formulation of the indicators still 
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reflects pressure on the environment, focusing on biophysical and economic measures, which are 

often focused at a national level. An example of this is given by Opschoor and Reijnders (in Kuik 

and Verbruggen, 1991) who conclude that measures of sustainable development should include 

indicators derived from specific characteristics of the economy-environment system, i.e. pollu-

tion, resources and biological diversity.  

Reporting on an official government-sponsored international study tour to explore the measure-

ment of sustainability, Smith (1998) concluded that in terms of measures of quality of life, few 

indicators exist, and that most of the established indicators are either economic or environmental. 

A search of more recent literature suggests little has changed in the intervening years.  

Because the search for indicators is the search for models, there is not just one but many model-

ling perspectives on sustainable development, shown by the increased number of modelling 

techniques. Models of sustainable development are increasingly used to address large environ-

mental problems to ensure that responses to present day needs do not compromise the prospects 

for future generations. Faucheux et al. (1996) also examined a wide range of approaches to 

modelling sustainable development, including neo-classical, evolutionary, ecological economics 

and neo-Ricardian models. Similarly, Reyes et al. (1996) built an integrated ecological-

economics regional model for sustainable development, which considers the interaction of human 

activities and landscape. The model neglects social-political issues, although it considers data in 

the form of human impacts, but without any detailed analysis of the factors underlying the im-

pacts.  

1.4 Land Use Sustainability in Upland Java  

Reviewing the worldwide impacts of mass movement erosion on land productivity, Blaschke et 

al. (2000) conclude that such studies in the tropical environment are still under-researched but 

that Java is probably the best-documented region of such erosion. It is one of the most densely 

populated regions of the world and 15% or 1.9 million ha of its area is regarded as critically 

eroded or subject to serious erosion (Figure 1.1). This erosion is related to the large-scale conver-

sion of forest to cultivated land, which started in the mid 19th century, and to meet the food re-

quirements of the rapidly-expanding population.  
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       Study area 
100 km 

        

                    
Lower erosion risk.  Predominantly wet rice (sawah), average slope 
<8%, and low rainfall 

Moderate erosion risk.  Predominantly protected forest, average slope 8 
– 30%, and moderate rainfall 

Higher erosion risk.  Predominantly agricultural area or marginal area, 
average slope >30%, and high rainfall 

                    

                    
Source: Whitten et al. (1996) simplified after World Bank 

Figure 1.1 Erosion Risk in Central Java in 1990 

 
Birowo and Prabowo (in Chang, 1993) estimate that soil erosion in Java is between 3 and 20 

times (or more) greater than in other parts of Indonesia, while sediment concentration in the river 

basins has been assessed as 2 to 10 times greater than in other part of Indonesia. As noted by 

Diemont et al. (1991) about 43% of Java has soils where mass movement frequently occurs on 

slopes steeper than 30 degrees. Much of its watershed erosion reaches 0.035 m/year (Pickering, 

1979).  

Surface erosion resulting from deforestation as well as off-site accelerated sedimentation has 

caused a major reduction in the agricultural productivity of the Java uplands (Diemont et al., 

1991). Erosion, both superficial (occurring on gentle slopes) and more deeply-seated (mass 

movement occurring on steep slopes), is thought to be responsible for the increase in soil loss. 

Sidle et al. (in Blaschke et al., 2000) note that mass movement erosion can decrease primary 
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productivity and may be the one factor preventing sustainable land use. Yet a contrary view is 

documented by Wall et al. and Lal (both in Blaschke et al., 2000), who indicate that slight or 

moderate levels of erosion can lead to increases in yield. In the face of such conflicting results on 

the productivity of cropland, De Graff and Wiersum (1992) state that the implications of mass 

movement erosion for food production in upland Java are still debated.  

With a population density of more than 800/km2 (Sinukaban, 2001) and an annual growth rate of 

1.6%, Java is experiencing an ever-increasing demand for food and fibre. In the late 1980s, it was 

estimated that Java was losing 770 million tonnes of topsoil annually, at an estimated cost of 1.5 

million tonnes of rice, which is enough to feed 11.5 to 15 million people 

(http://rainforests.mongabay.com/0903.htm). Measurements by Soedarma (in Sunito, 2001) 

demonstrate that 8.6 million tonnes of soil is equivalent to the loss of 17 cm of soil across 

4000 ha of land. In effect, Java is losing productive land at a rate of approximately 358,140 ha/yr. 

The significance of this can be appreciated when it is recognised that the total amount of land 

required for a person to feed themselves for one year is 0.02 to 0.03 ha. Pearce et al. (1990) and 

De Graaff and Wiersum (1992) calculate the soil loss in Java to be 1.2 to 12 tonnes/ha/yr on 

volcanic soils and 19 to 60 tonnes/ha/yr on limestone soils. Erosion rates on limestone are much 

higher than the tolerable soil loss (TSL), which according to Sinukaban (2001) is equal to 10 to 

12 tonnes/ha/yr.  

Due to the degree of soil loss, many commentators are pessimistic about the sustainability of land 

use on Java. USAID-GOI (in Roche, 1988) state that many of Java’s steep upland areas have 

been classified as land which is so degraded that it is, or soon will be, unable to sustain even 

subsistence agriculture. Similar views were put forwarded by Donner (1987:131), “The popula-

tion pressure in Java has already reached such a level that there is hardly any chance of imple-

menting the necessary techniques to establish a new equilibrium”. Erosion is thought to be so 

severe that Thijsse (in Nibbering, 1991a:22) suggests that “Java is on its way to becoming a 

desert”. 

Nevertheless, some optimistic views have been put forward by those who have seen the im-

provements in soil quality as a result of soil conservation techniques applied in the upland re-

gions of Java. As far back as the late 19th century, the need to control erosion was noted and in 

the 1930s, efforts were being made to stimulate farmers to adopt such measures (Joosten; 

Schuitemakers in De Graaff and Wiersum, 1992). Since then, much progress has been made in 

respect to soil and water conservation. During the late 1960s, there was a great improvement in 

the yield of upland crops (Fox, 1993; Chang, 1993; Nibbering, 1991a). Although a reduction in 

soil fertility was noted, Pickering (1979) stated that majority of Java’s slopes could still be saved 

with wide-scale soil conservation programmes. This was supported by Roche (1988) in the next 

11 



Chapter 1 

decade, who examined the development of forestry and showed a marginal increase in Java’s 

protected and productive forest areas between 1978 and 1983, supporting the view that rehabilita-

tion efforts had brought some success.   

1.5 Sustainable Management of Karst: The Case of The Gunung Sewu 

Karst terrains are one of world’s great natural landscapes and are an important facet of the 

Earth’s geo- and bio-diversity. “Karst is terrain with distinctive hydrology and landforms, arising 

from a combination of high rock solubility and well-developed secondary porosity” (Ford and 

Williams, 1989:1). The presence of some karst features such as sinkholes, caves, sinking streams, 

and springs signal the presence of subterranean drainage systems, which make karst giant reser-

voirs of fresh water. Karsts are estimated to occupy only about 12% of the land area worldwide 

(Figure 1.2 - Ford and Williams, 1989), yet about one-quarter of the world’s population is largely 

or entirely dependent on karst for their water supply for domestic, agricultural and industrial 

purposes (Ford, 1993; Ford and Williams, 1989).  

 
Source: Ford and Williams, 1989 

Figure 1.2 World Distribution of Carbonate Rock 

Globally, most of the large springs of the world are karst springs (Jennings, 1985). The Manavgat 

Springs in Turkey, which collectively are the largest karst springs in the world, have a total 

discharge of 150-130 m3sec-1. The water of the Fore-Alps in Italy, with a total discharge of about 
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40 m3sec-1, represents one important resource that is still comparatively clean (Sauro, 1993). 

Chingsui Spring, one of the largest in China has a mean discharge of 33 m3sec-1. One of the most 

famous springs in Europe occurs in a karst area, at Timavo, with a mean discharge of 26.25 

m3sec-1 (Jennings, 1971), while Silver and Blue Springs, the largest in Florida, have discharges of 

14-15 m3sec-1. Indeed, the Austrian cities of Vienna and Salzburg, are dependent on karst waters 

and both Paris and London obtain much of their water from karst sources. In Indonesia, limestone 

ranks third in importance as a water-bearing formation after volcaniclastics and alluvial deposits 

(Soetrisno, 1997). Ironically, however, abundant deep groundwater is sometimes inaccessible to 

those who need it.  

Despite this importance as a water resource, due to their unique underground hydrology, any 

eroded soils as well as chemical, animal and human wastes can enter the cracks and fissures of 

the limestone, descend to the water-table, give rise to water pollution and have negative impacts 

on the subterranean ecosystem. Therefore natural and human impacts can occur both on the 

surface and subsurface of karst terrain, whether as a result of direct or indirect activities. Human 

impact on karstic areas has been most profound in relation to the water and soil, which are the 

two primary resource bases in rural areas. Some environmental problems in karst regions have 

remained unsolved, despite great efforts to treat them. One of the main impediments is the con-

tinuing misunderstanding of karst processes amongst people and politicians (Trimmel and Pa-

vuza, 1988) who do not appreciate the connectivity between the surface and the underground 

flow in karst. Due to the nature of the underground flow, the impacts might occur within the karst 

or be imported from beyond the boundaries of the karst itself, thus requiring special management.  

Of all the different karst types, tropical karst forms are the most distinctive and these are wide-

spread throughout Southeast Asia (Sweeting, 1972). Otto Soemarwoto (in Brookfield and Byron, 

1993) remarked on the importance of Southeast Asia, the most developed humid tropical area, as 

a leader in sustainable development. It is this development challenge as it relates to the karst area 

of Gunung Sewu (Figure 1.3) that is the focus of this study. 

Similar to karst regions in other developing countries, such as in Guizhou Province, the poorest 

province in China (yet one of the world’s classic karst regions with 72% of the area being lime-

stone – Watters, 1995), Gunung Sewu in Java was once considered as a very poor region, and for 

many years associated with lack of accessible water supplies, dry surface land, underdeveloped 

villages, and poverty. As Fryer and Jackson (in Nibbering, 1991a:46) put it, “… nor is any area 

as poverty-stricken or as depressing to the visitor as the karst like Gunung Sewu, southeast of 

Yogyakarta; yet even this desolate expanse in which even drinking water is often in scarce supply 

in the dry season, is thickly populated by the standard of the Outer Islands”. Since then, Gunung 

Sewu has shown much improvement and it has slowly shed its image as a “poor uneducated 
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region”, although the image is still implanted in the minds of many Indonesians when they hear 

the words “Gunung Sewu”. 

 
Figure 1.3 View of Gunung Sewu Landscape (prior to rice plantation) 

Figures for total loss of topsoil in Java are not out of line when compared to estimates for 

Gunung Sewu.  Using USLE (Universal Soil Loss Equation) calculations, Enryd (1998), esti-

mated an erosion range for Gunung Sewu of 180 to 480 tonnes/ha/year, i.e. extremely severe soil 

erosion. An experiment in 1938/39 by Van Dijk and Ehrencron (in Donner, 1987) analysed the 

sediment discharge of two rivers: the Rambutan (which crosses the western part of Gunung 

Sewu) and runs over the volcanic deposits of Mt. Slamet, and the Cacaban underground river, 

whose catchment comprises Middle Miocene marlstone, marly sandstones, sandstone breccias 

and local limestone. The results showed that the velocity of erosion during the year amounted to 

0.4mm on the volcanic material and 0.45mm in the marly region. Although this study is now 

dated, it shows how soil parent materials influence the rate of erosion. More than 50 years later, 

Nibbering (1991a) with data from three hamlets in Panggang Sub-district, found total soil erosion 

to be between 19.1 and 39.6 cm per annum. 

Such great soil loss, especially of fertile topsoil, should be contrasted with the time required to 

form a soil cover. Yuan (1988) drew attention to the slow rate of soil formation in karst areas. In 

South China karsts, about 25m of limestone would have to be denuded to form 1m of soil, assum-

ing the insoluble content in limestone is 2.5%, and that it accumulates without being washed 
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away. This would take between 250 and 750 thousand years, even under the conditions of a warm 

and humid climate. Similarly, Urushibara-Yoshino (1991) recounted the long period needed to 

develop a thick karst-derived soil cover, i.e. 1,000 years for rendzina, 10,000 years for terra 

fusca-like soil and 100,000 years for terra rossa-like soil. 

The effects of new cultivated terraces (Figure 1.4) and the creation of more and more, even 

extremely tiny, cultivable plots between the karren on steep slopes, causes progressive deforesta-

tion and increasing exposure of karren (Figure 1.5) as a result of the erosion of soil following 

intense agricultural activity. In karst regions, this has been termed as rocky desertification, which 

Yuan (1997:1) described as “the processes, which transform a karst area that was once covered 

by vegetation and soil into a rocky landscape almost devoid of soil and vegetation”.  

The fragility of the karst ecological system is the basis of rocky desertification although it is 

triggered by population growth and de-vegetation, which puts more pressure on the soil to meet 

demand for food.  

Although it seems at first that the karst area of Gunung Sewu is not suitable for agriculture, 

employment and income opportunities in Java are largely limited to the agricultural sector. Farm-

ers in Gunung Sewu, as with most of other farmers in developing countries, are faced with a 

variety of distinct social-economic constraints. They are risk-avoiders who orientate their farming 

system towards welfare maximisation, not profit maximisation. They live in an environment 

where there is a dramatic annual change of climate from a wet to a prolonged dry season. Rice, 

their main staple, can only be grown once, i.e. during the rainy season. With an average precipita-

tion of less than 60mm for 3-4 months, there is practically no running surface water and very 

limited access to karst water.  
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Figure 1.4 Cultivated Terraces in Gunung Sewu 

 

 
Figure 1.5 Rocky Desertification in Gunung Sewu 

Despite the depressing view of the Gunung Sewu landscape, Nibbering’s (1991a) research sug-

gested that Gunung Sewu is now more sustainable than ever before. The annual increase in crop 

productivity and the expansion of tree-growing since the 1970s strongly indicates that the ability 

of the land to regenerate its productive capacity after interference, has been underestimated. 
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Individual households working communally on regreening programmes (Figure 1.6) and sil-

vopasture (Figure 1.7) are creating a completely different landscape in Gunung Sewu as it slowly 

becomes covered with teaks and acacias. Therefore, Gunung Sewu offers an opportunity to study 

the intensification and sustainability of village agriculture under the pressure of demographic 

change and under social and economic development.  

 
Figure 1.6 Teak and Acacia Trees 

 
Figure 1.7 Buffalograss (Panicum maximum) underneath Teak Trees 
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1.6 Operational Questions 

A fundamental issue facing Gunung Sewu is whether the present village-farming system will be 

able to meet, in a sustainable manner, the subsistence and cash requirements of the rural popula-

tion. This issue can be broken down into some more precise operational questions: 

1) What are the household food and livelihood security objectives of the people living in 

Gunung Sewu Karst?  

2) What are the natural resources/capital available to meet household food and livelihood 

security objectives? 

3) How are the socio-cultural conditions of the community related to the use of natural re-

sources in Gunung Sewu? 

4) What are the present rural households’ attitudes toward sustainability? What are the envi-

ronmental consequences of current household and community activities? (In other words, 

which livelihood strategies have the farmers developed to cope with the conditions of lo-

cal resources? Would these farmers support new measures designed to achieve sustain-

ability?)  

5) Is the existing land use system the best choice for Gunung Sewu in terms of water and 

soil conservation? Are current practices sustainable? If not, in what respects?  

6) Should there be any restrictions on human activity in karst areas?  

1.7 Objectives of the Study 

The operational questions support the overall aim of this study, that is, to develop a method for 

measuring the sustainability of land use in a rural area. This will be tested in a karst region in 

order to determine how karst resources can be used in rural development programmes to permit 

long-term use of these resources. In effect, the goal is to identify how sustainable resource use 

can be secured, through: (1) an improved understanding of the links between human behaviour 

and use of natural resources in a rural area; (2) an examination of the nature and determinants of 

these links; (3) determination of measurable sustainability indicators. 

Specific objectives are as follows: 

1) To identify a theoretical basis for measuring the sustainability of resource use in karst ar-

eas. 
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2) To determine key natural resources. 

3) To determine the driving factors affecting farmers’ choice of land use and income strate-

gies. 

4) To identify farmers’ behaviour in land use and income strategies. 

5) To determine sustainability indicators for the area. 

6) To measure the sustainability of the field area. 

The area chosen for this research is the Gunung Sewu Karst in Java. Thus, the product of this 

research will be a ‘blueprint’ for the sustainable development of the Gunung Sewu Karst and a 

conceptual foundation for management of rural development programmes in karst landscapes. It 

will also provide further information on karst in humid tropical regions. 

1.8 Research Hypotheses 

Taking into account the objectives of the study and the operational questions identified above, the 

following hypotheses were formulated and will be tested in the course of this research: 

In the Gunung Sewu Karst: 

1) There is some threshold of population causing environmental degradation (H1). 

2) People farm their land through necessity not perversity (H2). 

3) Water is a basic essential for life, therefore people will choose to live in areas close to 

water (H3).  

4) Poor farmers with little land are usually efficient in their use of land, capital, and family 

labour, hence they tend to complement any extra developmental resources received (fer-

tilisers, seeds, etc) (H4). 

5) The more intensive the land use, the greater the soil erosion and the thinner the soil will 

become (H5). 

6) Infrastructural development such as irrigation, schools, roads and transportation, permits 

an area to have better market opportunities, and exchange of ideas is more observable 

(H6). 

7) Culture is a determining factor in influencing people’s way of life and the way they ex-

tract resources (H7). 
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8) Farmers will adopt new conservation strategies after they see and feel the benefits of hav-

ing better yields and more reliable harvests (H8). 

9) In an area where land is the only available resource essential for human survival, society 

will protect it carefully and usually develop some of the best land management practices. 

Therefore the present land use system in Gunung Sewu is the best-suited land manage-

ment practice for the area (H9). 

1.9 Thesis Outline 

The rest of this thesis is organised as follows: 

Chapter 2 focuses on the research design and methodology. It presents the logical basis of the 

research, the types of data and information collected and the methods used to collect and analyse 

them.  

Chapter 3 presents background information on the physical and environmental characteristics of 

the study area, known as the Gunung Sewu Karst. Processes occurring in karst are described in 

general with much more emphasis on the particular study area. It illustrates the relationships of 

climatological, geological, biological and geomorphological controls to the hydrological charac-

teristics of Gunung Sewu aquifer. The purpose of this chapter is to explain enough about the 

workings of karst (especially karst hydrology), so that one can understand (1) how human im-

pacts can be transmitted through karst and (2) why karst systems are so vulnerable to human 

impacts. Explaining how karst systems operate increases the understanding of the kind of man-

agement techniques likely to be effective and the techniques which would be of little value in 

controlling environmental quality. 

Chapter 4 concerns people’s adaptation to the physical environment and more particularly to the 

environment they themselves have altered. It considers the social and cultural values behind the 

exploitation of the resources on which the people of Gunung Sewu depend. It determines how 

land cover has changed over time and relates this to the physical conditions of the area. Resource 

exploitation impacts, both natural and human, on the karst natural environment are central to this 

chapter. The chapter explores how development of the area is determined not only by physical 

and ecological conditions, but also by the socio-economic and cultural life of the inhabitants. It 

identifies and describes the karst resource utilisation system in the area.  

Chapter 5 describes the choice of livelihood strategies chosen by Gunung Sewu farmers to in-

crease the efficiency of land production. These adaptations to resource scarcities are discussed in 

the context of the cultural, physical and social conditions of the area. 
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Chapter 6 develops feedback systems for the interconnectedness between the physical, socio-

economical and cultural aspects of the karst environment as explained in Chapters 4 and 5 and 

determines measurable indicators of sustainability for Gunung Sewu. Potential sustainability 

indicators are determined through sensitivity analysis for significant parameters.  These are then 

filtered to evaluate their suitability as sustainability indicators for the area. Some unsustainable 

practices are identified and some general characteristics of a sustainable and unsustainable sys-

tem in the study area are determined. Also discussed are the conditions and processes that need to 

be sustained to maintain or improve the wellbeing of the population. The chapter concludes with 

ways to measure sustainable indicators and tests the effectiveness of these measures in the 

Gunung Sewu karst. 

Chapter 7 assesses the outcome of the thesis. It revisits the research objectives and hypotheses 

outlined in Chapter 1 and assesses the extent to which the research goals have been achieved. It 

identifies an appropriate management plan for guiding and controlling karst resource protection, 

utilisation and development in the Gunung Sewu, through the identification of sustainability 

indicators. It sets a blueprint for the management of the Gunung Sewu Karst and provides a 

conceptual foundation for the management of rural development programmes in similar humid 

tropical karst landscapes. It concludes with a discussion of how the findings from this research 

might contribute to determining the sustainability status of an area.  



 

 

Chapter 2 
RESEARCH DESIGN AND METHODOLOGY 

This chapter presents the research methodology. Justification of certain methodological decisions 

is presented. The first section of the chapter describes the research design. The second, third and 

fourth sections explain the selection of the research area, the survey of respondents and data 

collection. The fifth (and last) section describes the applied methods of data collection and analy-

sis. 

The purpose of the research was explained in Chapter 1. The principal objectives can be summa-

rised as follows: 

Objective 1: To identify a theoretical basis for measuring the sustainability of resource use in 

karst areas. 

Objective 2: To determine key natural resources. 

Objective 3: To determine the driving factors affecting farmers’ choice of land use and income 

strategies. 

Objective 4: To identify farmers’ behaviour in land use and income strategies. 

Objective 5: To determine sustainability indicators for the area. 

Objective 6: To measure the current sustainability of the field area. 

2.1 Research Design 

The research is descriptive and explorative. The descriptive character of the research is a conse-

quence of trying to gain insight into the lives of the people who are directly dependent on their 

environment. The research also has an explorative character because it tries to identify the vari-

ables which explain the kinds of behaviour exhibited by the respondents, i.e. household strategies 

that the people in the study area have developed to cope with food security and their underlying 

perceptions and attitudes.  

The research began with hypotheses formulation based on the theories and cases studies dis-

cussed in Chapter 1. To test these hypotheses, several groups of data and information were tabu-

lated based on a number of assumptions and these are discussed in section 2.4. To gather the 

necessary data and information, several data and information collection techniques were em-
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ployed as presented in section 2.5. The sources used include primary and secondary data. Due to 

the complexity of the concept of sustainability, it was not possible to investigate all aspects of the 

thesis without adopting a multidisciplinary approach. Data and information collected were then 

organised, processed and analysed (Chapters 3–5) based on a systems approach to gain insight 

into the system’s structure. The interactions between the subsystems developed are modelled 

(Chapter 6) to search for sensitive points in the system structure, which are regarded as potential 

sustainability indicators. These are then filtered further to determine karst resources’ sustainable 

management indicators for Gunung Sewu (Chapter 7). Figure 2.1 presents a flow chart showing 

the steps followed in the research.  

2.2 Selection of the Research Area 

The research population consisted of people living in rural areas of Java. According to the 1999 

Indonesian Regional Autonomy Constitution, all rural areas are associated with agriculture, but 

they also function as places for settlement, social services and other economical activities. In this 

thesis, a rural area is defined as an area with economic activities based on agriculture and other 

types of local resource use.  

Rural areas in Java are often distinguished by the long and wide strips of rice fields found on both 

sides of the roads. Their intense green colour contrasts with the grey of residential areas. The 

checkerboard appearance of the landscape is further strengthened by hundreds of rice terraces. 

Rural areas are also spacious, characterised by gardens filled with vegetables and/or flowers. 

People greet each other as they meet, and local transportation is filled with people carrying their 

produce, especially on market days. It was assumed that a rural area with no other alternative 

than farming and with limited agricultural possibilities would highlight the best strategies for 

coping with the environment. Thus the initial aim was to select such an area.  

Of all the provinces in Java, the Special Region of Yogyakarta (DIY) exhibits the most rapid 

urban growth at an annual average of 7.8% since 1990. The main push factor has been rural-

urban migration (BPS Kabupaten Gunungkidul & Bappeda Gununkidul Regency, 2000). The 

indicators for a rural area used by the Indonesian government are the same as the variables of the 

less-developed villages (BPS, 1995). According to the statistical data (BPS, 1995), Gunungkidul 

Regency had the highest number of less-developed villages, the highest total working population 

and the highest percentage of households in agriculture of any area. Out of the four regencies that 

exist in the Special Region of Yogyakarta, Gunung Kidul is the poorest. Fifty percent of all the 

people in Gunung Kidul are living below the Indonesian’s standard poverty line. 
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Figure 2.1 Flow Chart of the Research Design 

Based on the above, the Regency of Gunungkidul was chosen as the study area. The negative 

images of Gunungkidul are of a poverty stricken area, dry, unproductive and encumbered with 

many social problems. This could be due to the conditions that the people face almost every year, 

that is, severe drought and low calorie intake. Water and soil are the two primary resource bases 

in any rural economy. In line with the required conditions for the research area as stated above, 
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Gunungkidul Regency has limited agricultural potentials. It is situated in an area in which lime-

stone comprises 50% of the terrain. This specific limestone area is called Gunung Sewu. Gunung 

Sewu is one of the best–explored limestone regions in Java and one that annually has attention 

drawn to it because of its proneness to severe drought, which in turn imposes severe limitations 

on agriculture. The field research focused solely within this area.  

2.2.1 Selection of location 

Carbonate rocks in Indonesia, especially limestones, are distributed in almost all of the islands 

(Figure 2.2), where some have developed into well-known karst regions. Of the total karst land 

area in Southeast Asia (excluding China), Indonesia has by far the largest share, consisting of 

154,000 km2 (Surono et al., 1992) of which 15% (about 23,000 km2) is protected. Thus Indonesia 

has the largest number of protected karst areas (44) within Southeast Asia (Day and Urich, 2000). 

 

 
N 

Carbonate rock 

Source: Surono et al. (in Samodra, 2001) 

Figure 2.2 Distributions of Carbonate Rocks in Indonesia 

The Gunung Sewu Karst is located on the island of Java (Figure 2.3). The Gunung Sewu Range 

extends over three administrative provinces: the Gunungkidul Regency in the Special Region of 

Yogyakarta, the Wonogiri Regency in Central Java and the Pacitan Regency in East Java. This 

current study is concerned only with that area which falls within Gunungkidul Regency. 

Gunungkidul Regency is located approximately 39 km southeast of Wonosari the capital of the 

Special Region of Yogyakarta Province in Java. The regency is mainly a hilly upland area, cover-

ing a total of 1,485.36 km2, about 46.63% of the total area of the Yogjakarta Province (Pemda 

Gunungkidul, 1998). It lies between longitude 110º21’ - 110º50’ and latitude 7º46’ - 8º09’ with 

an average north–south extent of 41 km and extends 46km east–west. The area is bounded on the 

west by the Regency of Sleman and the Regency of Bantul; on the north by the Regency of 
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Klaten and the Regency of Sukoharjo; on the east by the Regency of Wonogiri; and on the south 

by the Indian Ocean (Pemda Gunungkidul, 1998) (Figure 2.3).  

The Gunung Sewu is a karst region developed on Miocene limestone stretching from the mouth 

of the Opak River (south of Yogyakarta) to the Bay of Pacitan (East Java). It covers a distance of 

85km, and at its narrowest part (south of Wonosari) is 10km wide. The region is 50km from 

Yogyakarta (BBLH and UGM, 1997). 

 

Figure 2.3 Location of Gunung Sewu within Gunungkidul Regency 

Gunung Sewu represents exactly what the name suggests. “Gunung” means mountain / hill and 

“Sewu” in Javanese dialect means thousands. The limestone complex consists of thousands of 

semi-rounded hills, estimated by Kusumayudha (2000) to contain about 45,000–50,000 conical 

hills within a total area of about 1300km2. The hills are fairly consistent in size, the mean being 

around 200m in diameter and 50m in height (Lehmann, 1981; MacDonald & Partners, 1984b).  

2.2.2 Selection of Sub-districts 

Random sampling a population in a large area such as Gunung Sewu is difficult and a listing of 

all households costly or impossible to obtain. However, a listing of residential clusters is easily 
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obtained. Scheaffer et al. (2006) and Lohr (1999) suggested the use of cluster or area sampling, 

where the target population is divided into clusters or groups of elements. A Regency consists of 

Sub-districts, therefore the cluster for this research is the Sub-district. 

Elements within a cluster are often physically close together, thus tend to have similar character-

istics, although they may include substantial differences. Thus a few large clusters may be se-

lected and used (Scheaffer et al., 2006). For the purpose of this research, inter-area differences 

were needed in order to gain insight into the effect of various environmental factors on people’s 

decisions. Therefore sampling was used to select Sub-districts considered to be representative of 

the population.  

The matrix in Table 2.1 outlines the criteria used to select the Sub-district samples, on the basis 

that each Sub-district must (1) have different levels of accessibility and be located at difference 

distances from town; (2) include diverse occupations that rely on local resources; and (3) be 

located at various distances from sources of water.   

Table 2.1 Main Criteria for Choosing Sub-districts 

Districts Panggang Paliyan Saptosari* Tepus Rongkop Semanu Ponjong 
Total Villages 11 16 - 10 16 5 11 

Total Population  48,014 64,721 - 64,197 56,355 55,987 54,747 

Total Households 5728 6586  7780 6905 12380 11801 

Total Area (ha) 17,156.38 14,590.46 - 17,653.66 17,802.72 10,839.03 10,449.10 

Population Density (per-
son/ha) 

279.87 448.60 - 363.64 316.55 516.53 523.94 

Total Karst Ponds 38 31 - 45 91 33 19 

Total Karst Springs** 13 - - - - 4 9 

Land Holding <0.5 ha 1,367 5,556 - 6,234 4,687 6,556 5,515 

Land Holding >0.5 ha 5,598 10,047 - 7,986 6,923 5,778 5,138 

Total Sawah (ha) 204 33 - 95 0 30 996 

Total Tegal (ha) 10,961 9,634 - 15,150 6,418 7,537 6,730 
Source: BPS Kabupaten Gunungkidul (1998)  

Note:  * = data are still combined with the old Sub-district (Paliyan) 
** = natural springs only (coastal springs emerging in the sea are not included) 

 
It was decided that the Sub-district of Panggang would be excluded from the sample because of 

previous doctoral research on the area by Nibbering (1991a), who sampled stress and resilience 

in Gunungkidul using three hamlets in Panggang District as a study case. Since Saptosari sepa-

rated from the Sub-district of Paliyan in 1996, there were no specific data available on Saptosari 

at the time of the research, so it too was not included as part of the sample. Nor were data on 

Paliyan used because it forms a combination of two Sub-districts. The characteristics of Semanu 
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Sub-district are similar to those found in the sub-districts of Tepus, Rongkop and Ponjong.  Thus 

the characteristics of these three sub-districts can be used to represent Semanu Consequently, 

these three Sub-districts were chosen for study (Figure 2.3): 

Rongkop: The biggest Sub-district in Gunung Sewu, with a low population density compared to 

others. It is the oldest settlement in Gunungkidul Regency, thus its development is the most self-

evident. Provincial roads cross this district making it more accessible than other areas. It has the 

greatest number of ponds, but no springs. No sawah (wet fields) are found there.  

Tepus: The most populated Sub-district is Gunung Sewu. Although sawah can be found, the Sub-

district has the largest area of tegal (dry fields). It has a karst water resource from the Baron Cave 

that is sufficient to supply water to its population and enough to be channelled to other Sub-

districts such as Rongkop. The area includes Baron, a famous recreational holiday beach and is 

accessible by public transportation. There are also karst ponds and springs that emerge on the 

coast.  

Ponjong: This is the most fertile Sub-district. It has the easiest access to water with large springs 

and wells, but has relatively few karst ponds. With abundant water, it has a significant amount of 

sawah compared to other Sub-districts.  

Tepus, Rongkop and Ponjong, makes up about 11.89%, 11.99% and 7.03% of the total Gunung-

kidul area or 23.82%, 24.03% and 14.10% of the whole Gunung Sewu in Gunungkidul. About 

3,701 ha (20.96%) of the hills in Tepus are between sea level and 100m; 13,953 ha (79.04%) rise 

between 100 – 499 m. In Rongkop there are 3,491 ha (19.61%) between 0-100 m and 14,312 ha 

(80.32%) between 0-100 m. As for Ponjong, 9,112 ha (87.20%) rise between 100 – 499 m and 

1,337 ha (12.80%) between 500 – 999 m (BPS Kabupaten Gunungkidul, 1998). 

2.2.3 Selection of sample villages 

To gain as much information as possible, it was necessary to select a representative sample of 

villages (desa) within each Sub-district (Figure 2.4). A Sub-district is a collection of villages. In 

addition to considering statistical reports, the suitability of different villages was also assessed 

through discussions with the Head of the Sub-districts, someone very knowledgeable about the 

area. Through these discussions it was decided that three villages would provide appropriate 

representation:  

1) Rongkop Sub-district. The villages chosen were based on their distance from major 

roads and public transportation. The three villages are: Karangwuni which is located 

nearest to the transportation centre and where the District office is located. The village is 

on a provincial road, and is served by regular public transport; Jerukwudel is located in 
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the middle of the district and is not so well served by public transport, but has buses to 

the city starting from early each morning; Balong is the furthest from the district centre 

and regular public transport is infrequent. Dwellings in Karangwuni villages are often lo-

cated in the valleys and the landscape is characterised by rocky desertification, while Je-

rukwudel is located partly on the hills and partly in the valleys. Notably, Jerukwudel has 

succeeded in its regreening project. Most dwellings in Balong are located on the hills 

where there is a greater vegetation cover than in Karangwuni but the regreening is less 

widespread than in Jerukwudel. Balong benefits because it is close to the sea, and has a 

karst spring that is available as a source of water. 

2) Tepus Sub-district. The villages chosen were based on the major occupation of the peo-

ple in the village. The three villages are Kemadang, Kemiri and Hargosari. Kemadang is 

where the biggest karst spring (Baron) is located. As it is adjacent to the sea, a major 

source of income in this area is from fishing. Since many people are attracted to the area 

for recreation, it has good road access. A lot of transportation links start from the area 

and go to the city. The total area of vegetation cover in this village is increasing. Kemiri 

is located adjacent to Kemadang, but none of its residents are fishermen; all are farmers. 

Since the District office is located in this village, it is accessible by road. The landscape 

is partly rocky and partly vegetated. Hargosari is located some distance from Kemadang, 

but nearer to the Regency’s capital. The major occupation is farming. Trees cover part of 

Hargosari and some parts of the area are more accessible than others due to their better 

road infrastructure and transportation systems.  

3) Ponjong Sub-district. The villages were chosen according to their accessibility to water. 

The three villages are Karangasem, Ponjong and Genjahan. There is no irrigation in 

Karangasem, and the residents get their water from rainwater or caves or they have to 

purchase water. No sawah is found there. Karangasem’s landscape is similar to Karang-

wuni’s. Parts of the area are exposed limestone, which is used as a minor source of quar-

rying. Karangasem is far from any transportation centre and is not on any regular public 

transport network, unlike Ponjong (the capital of the district). Part of Ponjong is domi-

nated by wetland rice (sawah). There are many springs and wells within the village. Gen-

jahan is the most fortunate village of those studied, since it does not lie on karst 

limestone; therefore it has technical and semi-technical irrigated sawah and a regular 

public transport service. 
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        - Tepus District  - Rongkop District   - Ponjong District 
Source: Administrative Map of Gunungkidul Regency, National Land Agency, Scale 1:50,000 

Figure 2.4 Locations of the Study Areas 

2.3 Selection of Survey Respondents 

2.3.1 Unit of analysis 

The household is the basic unit of analysis used in this research. Although a Javanese household 

is not always characterised by a separate dwelling, it invariably has a separate kitchen, where 

each household cooks its own meal (Koentjaraningrat, 1997). In practice the term keluarga 

(Indonesian for family) is used for household. The respondents as far as possible were the heads 

of the household, but where he/she was not present, someone else within the household was 

identified to take his/her place. A person was included as part of a household if he/she lived in 

the same house as the head of the household, contribute monetarily or materially to the household 

for the largest part of their income or were monetarily or materially dependent on the household. 

A person was considered part of a household if he/she lived in the same house as the head of the 
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household and contributed financially or materially to the economy of the household or was 

dependent on the economy of the household. 

2.3.2 Survey sample  

The survey design involved a multi-stage sampling consisting of a two-stage cluster followed by 

a stratification sampling. Multi-stage sampling was used to select respondents, people who de-

pend on the Gunung Sewu for their jobs and income. As previously determined, Karangwuni, 

Jerukwudel, Balong, Kemiri, Kemadang, Hargosari, Karangasem, Ponjong and Genjahan were 

the sample villages. The next administrative unit below a village is a hamlet (dusun). It is a 

settlement nucleus and part of the village (Soemardjan, 1962). In other words, a village is made 

up of several hamlets, which in turn, is made up of households. 

The economy and lifestyle of individual households was not only influenced by the physical 

characteristics of the landscape, but also by numerous social factors. These included such factors 

as household land assets, age and education. Therefore a stratification of the population was 

needed to see the effects of these social factors on perception, needs and wants influenced the 

choice of strategies chosen by the household.  

Stratified random sampling increases accuracy compared to random sampling, see Scheaffer et 

al. (2006); Lehtonen and Pahkinen (2004); Lohr (1999); and Raj (1972). Specifically: 

1) Many sample populations are readily divided into subpopulations that can be used in 

stratification. 

2) Stratification produces a smaller bound on estimation error, especially within homogene-

ous strata. 

3) A stratified sample is more cost-effective. 

4) Stratification enhances precision of estimates for the whole population. 

Therefore the population to be studied was divided into four strata consisting of:  

(a) Large landholding farmer – a farmer considered to have the largest area of worka-

ble land;  

(b) Small landholding young farmer – a farmer aged <60 years old who has very little 

or no workable land;  

(c) Small landholding old farmer – a farmer aged >60 years old who has very little or 

no workable land; and  
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(d) Non-farmer – although farming may or may not form part of their life, the majority 

of their primary income does not come from farming.  

With regard to age, 60 is the accepted benchmark of old-age in Indonesia and the rest of Asia 

(Rudkin, 1993 and Jones, 1993). The choice of 60 is also based on the formal pension age. There-

fore, in this research context, adults were declared to be ‘old’ when they had reached the age of 

60.  

Each category of respondent (with the four strata chosen) was randomly selected within each 

hamlet.  Further, since the objective of the field research was to become familiar with people’s 

perceptions, attitudes and beliefs, it was important that the people became familiar with the 

researcher, felt comfortable and were not suspicious of her. The survey of each hamlet (Table 

2.2) within every village sample was possible, and almost every hamlet within the sample vil-

lages was visited, because the distance between each hamlet was not too great and most could be 

reached on foot. Therefore, although inter-area differences between the hamlets were not the 

focus of the research, and a survey of widely-spread hamlets was unnecessary, it was neverthe-

less an effective way to get to know the people, and to achieve insight into their lives. In this 

way, the survey also increases the accuracy of the data gathered.  

Field research was conducted from July 1998 to February 1999, including four months’ living in 

the study area, with a second three-week field visit in early 2000 to observe the daily behaviour 

and activities of the farming community and engage in the life of the community. Interviews 

were conducted with four respondents (one for each category) from each hamlet surveyed, giving 

a possible total of 336 respondents. However, during the field research, only 324 respondents 

were interviewed. The remaining 12 potential respondents were not available to meet.  

Table 2.2 Total Samples 

Sub-district Village Total Number 
of Hamlets 

Total Hamlets 
Surveyed 

Total House-
holds Surveyed 

Ponjong 1.  Karangasem 
2.  Ponjong 
3.  Genjahan     

 7 
11 
11 

25 
43 
43 

Rongkop 1.  Karangwuni 
2.  Balong 
3.  Jerukwudel 

 10 
9 
8 

40 
35 
32 

Tepus 1.  Hargosari 
2.  Kemiri 
3.  Kemadang 

 8 
10 
10 

31 
39 
36 

 
Some of the older farmers do not speak Bahasa Indonesia very well. Although able to understand 

but not speak (I am a passive speaker) Javanese, someone always accompanied me during my 

interviews, someone that the locals acknowledged, trusted and respected, usually the head of the 

hamlet. The questions were asked in Bahasa Indonesia, sometimes with a little Javanese dialect, 
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and for those who did not speak the language very well, the guide translated. Having a respected 

guide who the respondents trusted, encouraged them to open up more readily. 

The respondents were generally interviewed in their homes, enabling sufficient time to capture 

information through structured questions (see sub-chapter 2.4.1). During the rainy season, the 

farmers are in the field preparing their land to plant rice. During the harvest period, they are 

mostly in the fields, and are busy, although some did not mind by being interviewed in the fields. 

Nor did they mind being interviewed at night or very early in the morning; in fact they them-

selves suggested these times. Consequently, interviews were conducted during daytime in dry 

periods and, during rainy season and harvesting time, either early in the morning (around 5:30 

am) or very late at night (around 11:00 pm). 

2.4 Parameters and Variables 

To test the hypotheses presented in Chapter 1 (H1–H8) and judge the sustainability of activity in 

Gunung Sewu (H9), sets of data and information were needed (Table 2.3 – 2.10). These can be 

grouped into five categories as follows: 

1) Data on natural resources, including data on soils, water supplies, landforms, topography, 

climate, lithology, which can be classified and used in the models (Table 2.3 and 2.4). 

2) Data on the use of resources by the population—mainly agricultural uses—requiring data 

on crops, farming systems, inputs, production and the like (Table 2.5). 

3) Data on the social and economic environments in which resources are used, including in-

formation on population, population growth, prices of inputs and outputs, changes in 

prices, supply, demand, social infrastructure, poverty and sanitation (Table 2.6, 2.7 and 

2.8). 

4) Data on human impacts on the environment, including mitigating practices such as water 

and soil conservation efforts (Table 2.9 and 2.10). 

5) Data on farmers’ perception of sustainability and information on behaviour and the po-

litical environment (Table 2.11 and 2.12). 

Each category of data can be presented by parameters, where further subdivision into related 

variables is possible with their sources and compilation techniques, as listed in Table 2.3 – 2.12. 

Each table is grouped based on assumptions about the relationship between people and their 

environment. 
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2.4.1 Physical phenomena 

Assumption: physical phenomena directly affect the availability and extractability of resources, 

and the degree of accessibility to start and conduct various human activities in specific situa-

tions. Identification of various physical phenomena will thus be essential to explain some social 

phenomena (to test H2 and H3). 

The physical condition of Gunung Sewu Karst requires the collection of data regarding the land-

scape’s physical conditions, including its geology, geomorphology, hydrology and climate. These 

conditions determine the success of crop growth, important for the survival of the residents in the 

area.  

Table 2.3 Physical Phenomena 

Parameter Complex Variable Simple Variable Source Technique 

Landscape Geomorphology and 
Orography 
 
 

Topography 
Elevation  
Relief 
Altitude 

Document 
 
 
Document 

Content analysis 
 
 
Content analysis 

 Geology 
 

Formations 
Rock types 

Document Content analysis 

 Hydrology Drainage pattern 
Aquifer types 
Surface & sub-terranean 

Document Content analysis 

Climate Temperature 
 

Range  
Variation 

Document 
 

Content analysis 
 

 Precipitation 
 

Frequency 
Amount 
Seasonality 

Document 
 

Content analysis 
 

 Evapotranspiration Potential 
Actual 

Document Content analysis 

 
The drainage pattern and the amount of rainfall, for example, influence the loss of nitrogen 

through leaching and runoff that could result in pollution and poor productivity. While geology 

and climate interact to determine the kind of soil that develops and affects the rate of soil devel-

opment, the sediments from which the soil develops determine its initial physical and chemical 

properties that influence the yield/growth of crops.  

Data for the above were collected entirely from secondary sources, including published journals, 

past research, and unpublished reports from universities, the Water Research Centre, the Geo-

logical Research and Development Centre, and the National Land Agency and Bureau of Statis-

tics. 
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2.4.2 Natural key resources 

Assumption: the availability, accessibility, distribution, quality and extractability of the key 

resources in Gunung Sewu will determine the level of socio - economic well being in the area (to 

test H1 – 5). 

Although the conservation of karst resources often involves the conservation of flora and fauna, 

the key resources in the survival of the people of Gunung Sewu are associated with food produc-

tion, namely soil and water to ensure the growth of crops and a supply of clean water. The nature 

of the soil, the intensity of rainfall, the availability of water supply, the extent of cultivable land 

and cultivation practices are all important for sustainable high yields, which are a primary deter-

minant of the state of well-being of the Gunung Sewu people. 

Table 2.4 Natural Resources 

Parameter Complex Varia-
ble 

Simple Variable Source Technique 

Soil Taxonomy Type Document Content analysis 
 Composition 

 
 

Texture 
Structure 
Colour 

Field, document 
 
 

Lab and content 
analysis 
 

 Physical proper-
ties 

Nutrients components 
Moisture content 
Permeability 
Composition 
Depth 

Field, document 
 
 
 
 

Lab and content 
analysis 

Vegetation Types 
 
 
 
 

Forest 
Grass 
Rice fields 
Dry fields 
Homegarden 

Document, field 
observation 
 
 

Field observation, 
content analysis 
 
 
 

 Usage Household consumption 
Manufacturing 
Animal fodder 
Miscellaneous 

Questionnaire Interview, content 
analysis 

Surface water Rivers and 
streams 

Potential water available 
Consumption 

Document  
 

Content analysis 
 

 Telaga Potential water available 
Consumption 

Document and 
questionnaire 

Content analysis, 
interview 

Groundwater Springs Discharge Document  Content analysis 
 Wells 

 
Consumption 
Depth 

Document, 
questionnaire 

Content analysis, 
interview 

 Pipes 
 

Consumption 
Volume 

Document, field 
 

Content analysis, 
field observation 

 Direct usage Household consumption 
Irrigation 

Questionnaire, 
field 

Interview, field 
observation 

Rain water Rainfall 
 

Amount 
Variation 
Intensity 

Document, field 
questionnaire 
 

Content analysis, 
field observation, 
interview 

 Infiltration 
 

% Infiltrated 
 

Document 
 

Content analysis, 
statistic 
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Parameter Complex Varia-
ble 

Simple Variable Source Technique 

 Rain water 
reservoir 

Volume Questionnaire, 
field 

Interview, field 
observation 

Irrigation 
scheme 

Means 
 

Canal 
 

Document  
 

Content analysis 
 

 Mode Pump 
Caves 

Document Content analysis 

Land  
 

Quality & 
quantity 

Area (ha) 
Fertility 

Document, field 
 

Field observation, 
statistic 

 Degradation 
 

Area 
Severity 
Consequences 
Awareness 

Document, field, 
questionnaire 
 

Field observation, 
interview, content 
analysis 
 

 Cultivated land 
 

Area (ha) 
Fallow period 

Document 
 

Content analysis 

 Non-cultivated 
land 

Area (ha) 
 

Document 
 

Content analysis 
 

 Tenure Ownership Questionnaire, 
document 

Interview, content 
analysis 

Land use Type 
 

Forest 
Agriculture 
Non-cultivated area 
Settlement 

Document 
 
 

Map interpretation 
 
 
 

 Intensification Changes over time Document Map interpretation 

 
Soil samples were collected in the field and analysed in the laboratory to obtain information on 

their chemical composition. Field observations were made to collect data on vegetation types as 

well as to make direct observation of the physical environment such as the availability of water, 

the quality of land and state of degradation. Furthermore, interviews were conducted to under-

stand local people’s awareness of the health of their land. The quality of land and land use change 

were also investigated by interpreting maps over a number of different years. To get data on 

household consumption of plants and water, interviews were also conducted with the local peo-

ple. This provided information on the state of their dependency on the land on which they live 

and the sustainability of their use of the land. 

Secondary data on the water supply and past and current conditions of soil and vegetation were 

collected from published journals, reports, newspapers, field research, archival documents offi-

cials, statistics and maps. These were obtained from national universities, the Australian National 

University, the National Archives of Indonesia, the National Land Agencies, and the Indonesian 

Speleological Society (HIKESPI). 
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2.4.3 Agriculture  

Assumption: agriculture is the backbone of the rural economy in the study area, but has not 

been progressing as desired, although employment and opportunities in the area have been 

largely centred on agriculture (to test H4, H6 and H8).  

During the field research group discussions were arranged with several integrated village farming 

associations to obtain information on the productivity of field cropping and the farming systems. 

This proved to be a good way to get acquainted with farmers and gain their trust, and provided a 

useful means to gain an insight into agricultural conditions in the area. Sometimes interviews 

concerning crop productions, livestock and the homegarden were conducted in the fields. This 

allowed direct observation of the immediate environment. Very often, field observations were 

cross-checked with data from secondary sources. Secondary material collected included data such 

as total area, price, sales of crops, yields and costs. Sources included reports, universities’ re-

search, reports from the Bureau of Statistics, and other published papers and journals. 

Table 2.5 Agriculture 

Parameter Complex Varia-
ble 

Simple Variable Source Technique 

Agricultural 
produce 

Field crop Subsistence and market 
crops 

Document, 
questionnaire, 
field 

Content analysis, field 
observation 

Crops produc-
tion 

Subsistence  
 
 

Yield of each type 
Farm based propagation 
 

Document, 
questionnaire  
 

Content analysis, 
group discussion, 
statistic  

 Area planted 
 

Area (ha) 
 

Document, 
questionnaire 

Content analysis, 
interview 

 Amount harvested 
 

Domestic consumption 
Total set aside for seed 

Document, 
questionnaire 

Content analysis, 
interview 

 Sale  
 

Percent sold 
Price 

Document, 
questionnaire 

Content analysis, 
interview 

 Land preparation 
 
 

Levelling 
Plowing 
Harrowing 

Questionnaire 
 

Interview 
 

 Seed Purchase Questionnaire Interview 
 Fertiliser 

 
 

Types 
Purchase 
Composting 
Application 

Questionnaire 
 
 

Interview 
 
 

 Pesticides, insecti-
cides, fungicides 

Types 
Purchase 
Application 

Questionnaire 
 

Interview 
 

 Labour 
 
 

Household labour 
Hired labour 
Exchange labour 

Questionnaire 
 
 

Interview 
 
 

 Irrigation 
 
 
 

Water use 
Maintenance fee 
Operation cost 
Purchase 

Document 
 
 

Content analysis 
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Parameter Complex Varia-
ble 

Simple Variable Source Technique 

 Machinery 
 
 

Rearing 
Hiring 
 

Field 
 

Field observation 
Group discussion, 
content analysis 

 Marketing 
 

Place 
Mode of transportation 

Field, question-
naire 

Field observation, 
interview 

Health of 
crops 

Appearance  Colour 
 

Document, field 
 

Content analysis, field 
observation 

  Height Document, field Content analysis, field 
observation 

Farming 
system 

Components Field cropping 
Tree cropping 
Animal husbandry 

Questionnaire, 
document, field 

Group discussion, 
interview, field 
observation 

Livestock  Species 
 
 

Cattle 
Goats 
Chickens 

Field, question-
naire 
 

Field observation, 
interview 
 

 Feeding 
 
 

Grazing 
Green fodder 

Questionnaire 
 

Interview 
 
 

 Cost 
 
 
 

Purchase 
Labour 
Fodder 
Shed 
Veterinary services 
 

Document and 
questionnaire 
 

Interview, content 
analysis 
 

 Produce 
 

Milk 
Meat 
Hide 
Eggs 
Live animal 
Manure 

Document, 
questionnaire 
 

Content analysis, 
interview 

Horticulture Fruit tree cultiva-
tion 
 

Species 
Area 
 

Questionnaire, 
field, documents 
 
 

Interviews, content 
analysis, field observa-
tion 
 

 Duration 
 
 

Seasonally 
Annual 
Biannual 
Perennial 
 

Questionnaire 
 
 

Interview 
 
 

 Cost 
 
 
 
 
 
 
 

Labour 
Pesticides 
Irrigation 
Planting 
Fertiliser 
Seedling 
Harvesting 
 

Questionnaire 
 
 
 

Interview 
 
 
 
 
 

 Marketing Place 
Mode of transportation 
 

Questionnaire, 
field 

Interview, field 
observation 
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2.4.4 Social phenomena 

Assumption: Population and human welfare have different implications, direct and indirect for 

socio-economic development. High population density is usually thought of as the cause of natu-

ral resources depletion and environmental degradation, while sustainability involves achieving 

human welfare (economical and social) and maintenance of ecological integrity (to test H1, H6 

and H7).  

A healthy state of well-being is one of the important goals of sustainability. At the same time, 

culture and social values play significant roles in determining the way people manage resources. 

Data on the distribution of population were collected from the Bureau of Statistics and the reports 

of local government. Past population statistics were gathered from previous research and archival 

documents.  

Table 2.6 Social and Cultural Phenomena 

Parameter Complex Varia-
ble 

Simple Variable Source Technique 

Population 
structure 

Distribution Spatial distribution 
Density 
Age structure 
Birth & death rates 
Migration 

Document  Content analysis 

Cultural 
values 

Philosophy of life Life principles 
Social gatherings 

Questionnaire, 
documents 

Interview, content 
analysis 

Education Attainment Compulsory education 
Literacy level 
Higher education 
Training 

Questionnaire, 
documents 

Interviews, content 
analysis 

Health Nutrition 
 
 

Meat 
Food stuff 
Calories intake 

Document, ques-
tionnaire 
 

Content analysis, 
interview 
 

 Drinking water Access to safe drinking 
water 

Questionnaire Interview 

Sanitation Waste 
 

Rural 
Urban 
Industrial 

Field 
 

Field observation 
 

 Disposal Collection 
Dumping 
Treatment 

Field Field observation 

Immediate 
environment 

Visible rubbish 
 

Household wastes 
Field wastes 

Field 
 

Field observation 
 

 Overflow water Around the house Field Field observation 
Evidence of 
pollution 

Health Number of sick people 
Incidence of environmen-
tally related diseases 

Document  Content analysis 

Presence of 
pests 

Kind Type of environment 
adapted 

Document, ques-
tionnaire 

Content analysis, 
interview 

 
Sustainability aims to secure not only economical welfare but also social welfare including a 

healthy society, as reflected by the health of the immediate environment. Since the people of 
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Gunung Sewu make up a traditional society, their philosophy of life plays a significant role in 

shaping their lifestyle. Education is often thought of as a ticket to a better life. Due to variable 

and harsh environmental conditions, people also often rely on neighbours and so social functions 

may also play a significant role in the way resources are used.  

Interviews were undertaken regarding people’s cultural beliefs and the state of their health. This 

was cross-checked with data collected from local community health services. Direct field obser-

vations were made as to the state of environmental health, and these were cross-checked with 

information gathered (from interviews) on the way the people treat waste. Documentary sources 

used included statistical reports from the Bureau of Statistics, local health reports, and universi-

ties’ research and other relevant data. 

2.4.5 Infrastructure 

Assumption: infrastructural development is an indicator of social and economic advancement 

(to test H6). 

Infrastructural development in the area gives information as to the extent of the development and 

on the potential future development of the area.  Most of these data were collected from secon-

dary sources, in particular reports from the Bureau of Statistics. 

Table 2.7 Infrastructures 

Parameter Complex Varia-
ble 

Simple Variable Source Technique 

Transportation Mode 
 

Reach 
Capacity 

Document, field 
 

Content analysis, 
field observation 

 Means Specification 
 

Document, field Content analysis, 
field observation 

Electricity 
generation & 
power supply 

Source 
 
Usage 

Hydro power 
 
Domestic use 

Document 
  
Document 

Content analysis 
 
Content analysis 

 Household supply Lighting Document Content analysis 
Roads Types Provincial 

District 
Document, field 
 

Content analysis, 
field observation 

Buildings Schools 
 

Numbers 
Level 

Document 
 

Content analysis 
 

 Office Types Document Content analysis 
 Markets Types Document Content analysis 
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2.4.6 Rural poverty 

Assumption: rural people cultivate their land because of necessity not perversity. The sustain-

ability of the area depends on the availability of resources for future generation. Therefore it is 

important to encompass the causes and consequences of rural poverty and tools for planning to 

alleviate it (to test H4). 

Table 2.8 Rural Poverty 

Parameter Complex Vari-
able 

Simple Variable Source Technique 

Resources Land Holding size 
Shape 
Tenure 
Location 
Life cycle 

Document, 
questionnaire 
 
 

Content analysis, 
interview 
 

 Income 
 
 
 

Major occupation 
Minor occupation 
Unemployment  
Regularity 
Amount 
Sufficiency 

Questionnaire, 
Document 
 
 

Interview, 
content analysis, 
document 
 
 

 Technology 
 

Level 
Appropriateness 
Affordability 
Applicability 

Field 
 

Field observation 
 
 

 Access Opportunity 
Restriction 
Eligibility 

Questionnaire Group discus-
sion, interview 

Non-farm 
activities 

Employment 
 
 
 

Wage 
Status 
Work 
Place 

Questionnaire 
 
 
 

Interview, 
statistic 
 

 Income Source 
Amount 
Regularity 

Questionnaire 
 

Interview, 
statistic 

 
Income is an important indicator often used to assess the wealth or poverty of a society. In this 

instance, the poverty line was defined by the Indonesian rupiah value of the monthly per capita 

expenditure required to fulfil a minimum standard of food and non-food basic consumption 

(Bappenas et al., 2001). Since agriculture remains a vital source of employment in Gunung Sewu, 

incomes from agriculture must be maintained through the maintenance of agricultural productiv-

ity. But there is a clear limit to this process, as with soil erosion and desertification less cultivable 

land may be available over time.  

Data on employment and income were collected using face-to-face interviews, while information 

on poverty alleviation was collected from secondary materials including local government reports 

and interviews with key informants such as the Head of Districts and the Heads of Villages. 
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2.4.7 Human impacts 

Assumption: human-made changes and their deleterious impacts are very important targets for 

remedial planning and development (to test H1 and H5). 

Table 2.9 Human Impacts 

 Parameter Complex Varia-
ble 

Simple Variable Source Technique 

Erosion Runoff Rate Document Content analysis 
 Extent of damage Total area Document 

 
Content analysis 
 

 Outcrops (bare 
rocks) 

Extent 
Annual rate 

Document 
 

Content analysis 
 

 On - farm 
 

Soil management me-
thods, technologies 
Land use intensification 

Questionnaire Group discussion, 
interview 

Deforestation Felling of trees Rate of forest clearance 
Purpose 

Document, field Map interpretation, 
field observation 

Water contami-
nation  

Water quality Level of DO Concentra-
tion of N & P 
Faecal coliform 
Heavy metals  
Toxic chemicals 

Document Content analysis  

Water exploita-
tion 

Pumping Volume Document Content analysis 

 Water shortages Distribution  
 

Document, 
questionnaire 
 

Interview, content 
analysis 

 Spring-flow 
 

Reduction Document, 
questionnaire 

Interview, content 
analysis 

 Water table 
 

Lowering Document, 
questionnaire 

Interview, content 
analysis 

Soil degradation Soil thickness / 
depth  

Top soil loss Field, document Field observation, 
content analysis 

 Pesticides 
 

Adsorption of pesticides 
in soil 
Mobility of pesticides 
Pesticides leaching into 
groundwater 

Document Content analysis 
 

 Toxic elements 
 

Concentration in soil 
 

Document, field Content analysis, lab 
analysis 

 Soil fertility Plant nutrient Document, field Content analysis, lab 
analysis 

 
Environmental degradation has always been associated with increased human use of land. In 

Gunung Sewu, human intervention had a marked impact on the availability of resources and 

generated adverse environmental change. The environmental impacts that occurred were a neces-

sary consequence of the population’s struggle to survive in an already fragile area with minimum 

technological help. Managing human use of resources can slow or reverse the process of envi-

ronmental degradation, but first it is necessary to be aware of the scale and intensity of the envi-

ronmental degradation in the area. 
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The extent of environmental degradation required evaluation of the increasing presence of out-

crops (bare rocks), deforestation, erosion, water contamination, loss of topsoil and the like. To 

obtain data on the extent of damage, measures of runoff, soil fertility and water quality. Content 

analysis of secondary materials was necessary. These materials were collected mostly from 

published university research and reference books. Field observations were also conducted to 

obtain visual evidence of the quality of the environment.  

2.4.8 Water and soil conservation 

Assumption: the scarcity of soil and water for food production in the area leads to the primary 

importance of soil and water conservation for the survival of Gunung Sewu people (to test H8). 

Table 2.10 Soil and Water Conservation  

Parameter Complex Variable Simple Variable Source Technique 
Soil conserva-
tion efforts 

Protected land 
 
 
 

Area for soil protection 
purposes (ha)  
Terracing 
Fallowing 
Fertiliser / manure appli-
cations 

Document, field 
 
 

Content analysis, 
field observation 
 

 Farmers awareness Farmers engaging in soil 
improvement programme 

Questionnaire 
 

Interview 
 

  Farmland abandoned Field Field observation 
  Adoption of conservation 

practices 
Questionnaire 
 

Interview 

Water 
conservation 
efforts 

Catchment protection Area managed for water 
protection 

Document 
 

Map interpretation 

 Water sources 
protection 

Caves protection 
Protected karst springs 

Document  Content analysis 

 Forest regeneration Reforestation / afforesta-
tion 

Document, field Content analysis, 
field observation 

 
Soil and water are the two most vital resources for the survival of the people in Gunung Sewu, 

thus their protection is essential. Field observations were conducted to identify the various means 

of soil and water conservation that the people have in place. Secondary sources such as official 

reports were also screened for information. 

Since the local people in Gunung Sewu are the managers of their land and thus determine the 

sustainability of resource utilisation, it was important to understand their level of awareness 

regarding soil and water conservation. Information on this was collected through face-to-face 

interviews. 
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2.4.9 Farmers’ perceptions 

Assumption: sustainability means different things to different people. It is important to under-

stand the farmers’ perception and their attitudes toward sustainable development before deter-

mining appropriate methods of resource management in the area (to test H7 and H8).  

Since there had been no previous research on the perception of resource use by the people of 

Gunung Sewu, all of the data for this category were collected through face-to-face and key in-

formant interviews with the Head of Districts and Heads of Villages. In order to cross check the 

information from key informants it was necessary to conduct direct interviews with these indi-

viduals. To ensure sustainable resource use, it was necessary to identify local people’s percep-

tions of the meaning of sustainability. 

Table 2.11 Farmer’s Perceptions 

Parameter Complex Variable Simple Variable Source Technique 
Perception Attitude Water and soil conserva-

tion efforts 
Questionnaire 
 

Group discussion 

  Quality of life in the area Questionnaire 
 

Interview 
 

  Definition of sustainability Questionnaire Interview 
  Farm practices important 

for sustainable farming 
Questionnaire Interview 

 

2.4.10 Political phenomena 

Assumption: in a developing country like Indonesia, and especially Javanese villages like in 

Gunung Sewu, respect for higher authority still exists. Thus political phenomena seem to domi-

nate decisions made on the development of an area. Thus politics is a vehicle to enter discourses 

at local and regional level (to test H4, H6 and H8). 

The state of development of Gunung Sewu depends at least in part on the nature of the local 

government development plan for the area. In Indonesia land is not publicly owned; rather it 

belongs to the nation to the extent that land development can be determined by local government. 

Therefore it was necessary to study the process and function of the local government. In addition 

to screening secondary materials, interviews were held with the Heads of Sub-districts and Heads 

of Villages. 
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Table 2.12 Political Phenomena 

Parameter Complex Variable Simple Variable Source Technique 
Organisation Formation 

 
Interest 
Objective 

Document, ques-
tionnaire 

Content analysis 

 Hierarchy 
 

Line of command 
Authority 

Document Content analysis 

 Local government 
 
 

Level 
Operation 
Task 

Document Content analysis 

Process Procedure Participation 
Feedback 

Document, ques-
tionnaire 

Content analysis, 
interview 

Function Responsibility 
 
 

Extension 
Awareness creation 
Motivation 

Questionnaire, 
document 

Interview, content 
analysis 
 

 

2.5 Background Reviews on Data Collection Techniques 

2.5.1 Methods in cultural behaviour 

“There is no substitute for gaining tacit and implicit knowledge of cultural behaviour than living 

among people and sharing their lives” (Dewalt et al., 1999:260). Accurate descriptions of behav-

iour, such as customs, habits, practices, way of life or activity patterns, are important to better 

understand the causes and consequences of human behaviour. By participating in the daily rou-

tine of the subject, a researcher may gain in-depth knowledge of local conditions to assist in 

understanding the people’s way of thinking. 

Bernard et al. (1986) and Engle and Lumpkin (in Bernard, 1999) showed that the research sub-

jects’ accounts of their own behaviour are commonly wrong—that is, they show errors of from 

50%-80% when compared with the researchers’ records based on direct observation. “Those who 

rely uncritically on their research subjects for descriptions of behaviour are more likely to be 

wrong than right” (Johnson and Sackett, 1999:309). Therefore, the researcher should seek oppor-

tunities to spend time and engage in activities with members of those communities in which she 

or he is working.  

Participant observation is accepted almost universally as the central and defining method of 

research in cultural anthropology. “It is a method in which an observer takes part in the daily 

activities, interactions, and events of the people being studied as one of the means of learning the 

explicit and tacit aspects of their culture” (Dewalt et al., 1999:261). Villa Rojas (1979) observed 

that close contact with local people is the only basis on which really reliable information can be 

obtained. The practice of participant observation enhances the quality of the data obtained during 

fieldwork and the quality of data interpretation. Therefore it is both a means of data collection 
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and an analytical tool. However participant observation may produce non-valid descriptions of 

behaviour, unless observations are carefully recorded as the behaviour occurs.  

In order to clarify the relations between individual members of the community and their historical 

and current socio-cultural and material contexts, Levy and Holland (1999) proposed a person-

centred interview method, which engages the interviewee as informant. But s/he also engages the 

interviewee as a respondent. The interviewer observes and studies the interviewee as s/he be-

haves in the interview setting, as he or she reacts or responds to various questions, and topics. 

Not all people are willing to open up and discuss personal matters freely with strangers, unless a 

relationship of trust has been built. It is very useful to collect people’s opinions, reasons or mo-

tives in order to correctly understand the patterns of local activities (Toyne and Newby, 1971). 

2.5.2 Rapid rural appraisal (RRA)  

Rapid Rural Appraisal is a starting point for understanding a local socio-economic situation 

(Weber and Tiwari, 1992). This involves an interdisciplinary approach based on a combination of 

different sources of information from different points of view for the purpose of verification. This 

study uses primary data including, participant observation, direct observation and key informant 

interviews, group discussion, and map interpretation as well as the collection of secondary mate-

rials. Thus information from primary and secondary data can be cross-checked, to understand the 

environmental system involved to detect changes and likely future trends.  

Primary data collection 

Primary data collected in the study area include: (1) direct observation of the environmental 

condition of the karst, (2) physical measurement of the state of the environment, as well as (3) 

farmers’ attitudes and perceptions. Primary data collected involved observations and interviews 

with local villagers and local government officials. 

1) Participant observation. To best observe local culture and behaviour and to understand 

people’s attitudes and perceptions, I lived among the local people for about 4 months. 

This allowed me to gain their trust and enabled me to see things from their perspective, 

thus making it easier for me to analyse what I observed. 

2) Direct systematic observation. This covered two things, direct and immediate observa-

tion of the physical environment of the karst area, including the socio-economic situation 

for example by the direct observation of the type of activities people were involved in, 

how they were carried out and why they were carried out. These were combined with in-

terviews in the farmers’ fields as well as in their homes. Impressions of the respondents’ 

immediate surroundings were cross-checked with survey responses. 
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3) Person-centred interview. The sample size totalled 324 households and each interview 

was conducted, face-to-face without giving out any questionnaire, so that the respondents 

would feel more at ease. People living in rural Indonesia are sometimes afraid or suspi-

cious if a stranger comes to their home or wants to talk to them, because they might ask 

questions about their possessions or might want to move them. To maximise trust and 

ensure confidentiality, interviews were conducted in places where respondents would feel 

comfortable. This helped to close the communication gap and to place the responses in 

context. Another way of gaining trust is by accepting offered drinks and goods during 

visits. The local people feel honoured if a stranger comes and eats and drinks what they 

offer, and this makes them feel more comfortable around the stranger. 

A questionnaire was used to guide the interviews (see appendix). Note-taking during in-

terviews was kept to a minimum and tape recorders were not used. Making notes and/or 

recording conversations would have made the interviewees uncomfortable and would 

have made them less forthcoming.  

In addition to the local people, interviews were also conducted with people who had 

good knowledge and awareness of the state of affairs in the locality and who were con-

sidered ‘key informants’. Such individuals included the Heads of the Districts or their 

representative, for the economic sub-division of the Regency of Gunungkidul, the Public 

Relations Officer for local governments, village chiefs and professionals in the field of 

speleology, geology, hydrology, social-economy, agriculture and protected areas. Infor-

mation was gathered from these key informants using structured conversations to close 

information gaps as well as from secondary data, document screening and other supple-

mentary data. These interviews were done after screening the available secondary data. 

4) Group discussion. Aggregate information on particular issues focusing on their charac-

teristics, problems, and solutions was obtained through group interview and discussion 

(Weber and Tiwari, 1992). Respondents put out their views based on their own percep-

tions, influenced by their value judgement of the losses and benefits they might experi-

ence. 

5) Map and photo interpretation. Assorted basic information is available in aerial photog-

raphy and survey maps, particularly about the physical setting, land use and settlement 

pattern. Images from different years make it possible to identify changes in land use. 

Maps studied included those conveying information on geology, topography, soil types, 

water sources and land use and land capability. 

47 



  Chapter 2 

Secondary data collection 

Secondary information was necessary as supporting evidence on past conditions and trends, and 

past obstacles to development. It was also necessary because of the nature of the research, which 

involved an interdisciplinary approach and hence the need for interdisciplinary information.  

2.6 Data Organisation, Processing and Analysis 

2.6.1 PICABUE: methodology for developing sustainability indicators 

Designing a good indicator is difficult enough when the subject matter is well understood, but is 

particularly difficult in the case of Sustainable Development Indicators (SDIs), given its complex 

and multi-faceted nature. Many indicators have been put forward, although most of these are not 

local indicators and methods of indicator development have until recently consisted simply of an 

agreed means of consulting a variety of groups with an interest in sustainable development 

(Mitchell, 1997). Mitchell et al. (1995) introduced PICABUE, a method developed to produce 

indicators that have general applicability to a wide range of locations and user groups. PICABUE 

involves seven steps from which it derives its name, as follows:  

i) Principles, definitions and objectives: 

Clearly state what is understood by sustainable development, by specifying the working defini-

tions of sustainable development that are referenced, and the sustainability principles to be ap-

plied. The statement of definition used is necessary as it makes a clear distinction between terms 

that are commonly confused. 

Define the objectives of the indicator programme, specifying the purpose of the indicators and 

their user groups. Indicators can be used to assess status, document trends, provide early warning 

of change, diagnose cause and effect, and identify linkages to make assessments more cost effec-

tive (Cairns et al., 1993). However, no one indicator can be developed to effectively meet all 

these objectives. Furthermore, indicators developed to meet one objective may be quite different 

to those developed to meet another. Similarly, indicators cannot communicate equally effectively 

to interested parties.  

ii) Identification and selection of issues of concern: 

The research must define issues that are important both locally and globally. Achieving the best 

balance between local and global issues is difficult but should be attempted. Mitchell (1997) 

pointed out that there is a danger in placing undue emphasis on purely local issues, if an indica-

tor’s method was established only through public consultation. Conversely, in only identifying 

issues from the literature, there is a danger that significant local issues are not represented.  
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Issues must be identified that are relevant to the sustainability problems at issue. Maintaining the 

integrity of nature and increasing the people’s welfare are the two most widely-known aims of 

sustainable development, although most sustainable indicators for welfare focus on economic 

criteria. Measurement of quality of life and ecological integrity are central to this methodology. 

For this current research, the issues emphasise the welfare of the local people (although ecologi-

cal integrity is the overall goal) following the definition of prosperous family given in the Law of 

the Republic of Indonesia No. 10/1992 Concerning Population Development and the Develop-

ment of Happy and Prosperous Families, i.e. “A family that is developed based on marriage, 

able to meet the spiritual and mental needs, believe in God, has harmonious relationship with 

the family, between families, member of the community and with nature”. It further states that a 

quality family involves aspects such as education, health, social, cultural, family autonomy, 

mental, spiritual and religious values, which form the basis that permits a family to become 

prosperous. Sustainability cannot be defined or measured without relating it to the standard or 

quality of life of the society. 

iii) Construction of indicators of issues of concern: 

Relevant issues were measured using indicators. Indicators have different properties depending 

upon their construction. Indicator properties should be matched to the users of the indicators and 

the objective of the research. The definition put forward above emphasises that the importance of 

a quality family is dependent on socio-cultural values rather than socio-economic values. 

Potential sustainability indicators were selected and constructed with reference to the stated 

objectives of the indicators programme, the need to be understandable and to be able to be com-

municated for the information of users (Mitchell et al., 1995). 

iv) Augmentation of reference indicators by sustainability principles: 

Existing potential indicators must be modified with reference to the sustainability principles of 

equity, futurity and environment to communicate on progress towards sustainability. 

v) Special boundary consideration: 

For the purpose of this research, the indicators need to have local attributes. As suggested by 

Mitchell et al. (1995), very often, indicators relate to the administrative area of the authority 

using the indicators.  

vi) Uncertainty considerations: 

Indicators should consider any issues of uncertainty that arise from (1) limited knowledge of 

critical limits in the system, (2) incomplete or poor data sets with low levels of confidence and 

(3) unpredictable behaviour in systems (Mitchell et al., 1995). 
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vii) Evaluation of sustainability indicators 

The final step of the PICABUE method is to evaluate the indicators against desirable indicator 

characteristics and programme objectives. Mitchell et al. (1995) found that eight criteria are 

commonly used to assess SDIs. The indicators in this thesis will be assessed according to whether 

they are (1) relevant to the issues of concern and scientifically defensible; (2) sensitive to change 

across space and across social groups; (3) sensitive to change over time; (4) supported by consis-

tent data; (5) understandable; (6) measurable; (7) expressed in a way that makes sense, and (8) 

identify targets and trends that allow progress towards or away from sustainability as determined.  

2.6.2 Descriptive statistics 

Only descriptive statistical analysis is used in this current research as its focus is on building a 

system of linkages/interrelationship between the parameters and variables involved, not on re-

searching the subsystem itself. Such analysis will involve frequency (absolute, relative, and 

cumulative), range and percentile. It is important to get quantitative values on certain parameters/ 

variables for comparison purposes, and also as an input to the dynamic system model which 

enable the model to be run. 

For example, in the case of land use, land may be classified based on different usage. No one 

piece of land may be in both arable and pastoral use at the same time. Consequently, a summary 

of information about land use in percentage terms, is very useful. Merely by listing the percent-

age of land within certain categories, an immediate picture of the predominant types of land use 

in Gunung Sewu at a particular time could be obtained. Another example is a summary of farm 

sizes. In that case, range and average values are helpful, since it is easier for farmers to make 

estimates based on round numbers. 

2.6.3 Systems thinking 

System dynamics modelling 

The indicator development methodology used consisted of mutual consent based on discussion 

with various groups with a particular interest in sustainable development (Mitchell, 1997). How-

ever, this methodology is not necessarily effective, as it very often resulted in indicators designed 

for use on a national scale, but not readily applicable at a local level. Such indicators provide 

poor guides for those wishing to promote local sustainability.  

The Balaton Group (1996) suggested that designing indicators should be accompanied by a 

dynamic model, which requires multidisciplinary system analysis and visualisation of various 

system perspectives. This view is supported by Dzidonu and Foster (in Rotmans et al., 1994) and 
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confirmed by Brookfield (Australian National University, pers. comm.) as the best approach to 

sustainability studies.  

 “Systems thinking is a way of thinking about and describing dynamic relationships that influence 

the behaviour of systems” (Maani and Cavana, 2000; 7). It consists of three types of thinking: 

dynamic, operational and closed-loop thinking (Richmond in Maani and Cavana, 2000) and 

concentrates on the interactions and feedback mechanisms between different subsystems includ-

ing cause-effect linkages rather than focusing on each subsystem in isolation. In effect, the object 

of systems analysis is not only to study the particular system structure and classify and describe 

the components of the system, but also to understand the processes, interactions and feedback 

mechanisms within the system that generate changes in its dynamics and structure (Coyle, 1996; 

Balaton Group, 1996). It enables a synoptic approach that addresses the interdependencies be-

tween the cause-effect chains.  

Socio-economic problems involve many sub-systems that cannot be grasped by mathematics and 

which consequently emphasises control theory (Coyle, 1996).  Therefore, Forrester (in Coyle, 

1996) suggested that simulation supported by software with a suitable syntax, such as system 

dynamic modelling, is the only way in which socio-economic problems can even be presented. 

System dynamics is grounded in the theory of nonlinear and feedback control developed in 

mathematics, physics and engineering. It draws on cognitive and social psychology, economics 

and other social sciences (Sterman, 2000).   

The aim of system dynamics modelling is not to predict the future but to gain understanding 

about the functioning of the system (Sterman, 2000). The emphasis should be on the structure, 

behaviour, and understanding of the model and not on data collection (Bossel, 1986) as foreseen 

by Forester (1973) concerning the inability of people to perceive the consequences of the infor-

mation they already possess. System dynamics models have been applied to an enormous range 

of fields, such as modelling New Zealand’s forestry industry, Argentina’s electricity capacity, air 

traffic control systems, drug problems, business effectiveness and many sustainable development 

issues (Sterman, 2000; Maani and Cavana, 2000; Smith, 1998; Naill in Coyle, 1996; Balaton 

Group, 1996). The approach adopted in this research consists of the development of dynamic 

models for different subsystems.   

POWERSIM Construction 2.5 

In this research, a dynamic simulation model is developed using a software package POWERSIM 

CONSTRUCTION 2.5 (Powersim Corporation, 1996). Criteria for reaching conclusions are 

drawn from experimenting with parameters within the model to determine sensitive parameters, 

i.e. those most sensitive to change.  
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POWERSIM is a window-based graphical system dynamics package that utilises system dynam-

ics to model the system in question and simulate its behaviour over time. It supports both flow 

and causal loop diagrams. The work begins by creating a diagram or model of the problem, and 

then adds mathematical formulae to each element in the diagram. The underlying equations can 

be entered when the model’s structure is defined. Equations are created with the aid of built-in 

functions and visual editor for drawing graph functions. The model is then run and the behaviour 

of the system can be observed. Simulation results are presented as animation, numbers or graphs. 

It also offers dynamic objects, which display selected variables as time graphs, scatter graphs, 

time tables, bars and numbers.  

This kind of computer model is very different from the models that are now common in the social 

sciences. Such a computer model is not derived statistically from time-series data. It contains the 

assumptions being made about the system. Many mathematical models on ecosystem manage-

ment are limited because they are formulated by techniques and according to conceptual struc-

tures that do not take into account the multiple feedback loops and non-linear nature of real 

systems. Other models are defective because of the lack of knowledge or perception on the part 

of the persons who have formulated them (Coyle, 1996).  

The aim of system model building is to make explicit the assumption and reasoning behind the 

decisions (Ryan, 1995; Smith, 1998) and to allow interference or the testing of different options 

without disturbing the underlying forces at work (Smith, 1998).  The research methodology 

consists of the following steps: 

1) Identifying problem definitions. Information collected and gathered from primary and 

secondary sources is very valuable for defining the problem. The information is used to 

generate behaviour and to show changes in important variables over time. 

2) Based on the information gathered, dynamic hypotheses will be formulated to explain 

the reasons behind the changes based on feedback principles. These are presented as 

feedback causal loops showing the interrelationships of various variables so as to form 

closed loops. “Much of the art of system dynamics modeling is discovering and repre-

senting the feedback process … to determine the dynamics of a system” (Sterman, 2000; 

12). Basically all dynamics arise from the interaction of self-reinforcing (positive) and 

self-correcting (negative) loops. Because feedbacks are the central point of system dy-

namics, causal loop diagrams are generated for each sub system of the problem to show 

the relationship between the interconnecting parameters within a sub-system. 

3) Constructing a computer model of the interactions of the system components.  
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4) Experimenting with the parameters in the model to see changes of behaviour over time. 

Simulation is the only practical way to test the conceptual model (Sterman, 2000). 

5) Performing sensitivity analysis. This is to find out the sensitivity to perturbation of each 

parameter. Sensitive parameters must be taken into consideration in the resource man-

agement of the area. These parameters will be regarded as potential indicators for 

Gunung Sewu resource management. 

Causal loop diagram (CLD) 

The primary purpose of a system dynamics model is to describe the dynamics causing a particu-

lar problem. In order to gain insights on the problem, causal loop diagrams are often used. A 

causal loop diagram (CLD) is a tool to reveal the causal relationships among a set of variables (or 

factors) operating in a system, consisting of two basic elements, variables and arrows (Maani and 

Cavana, 2000). These diagrams are formulated to show the nature and direction of the relation-

ships within the system being modelled. 

Social systems, although potentially complicated, are basically made up of only two kinds of 

feedback processes, the reinforcing (positive) and balancing processes (negative, also known as 

counteracting). These processes can be depicted in a closed loop of cause-effect linkages, consist-

ing of arrows connecting variables in a way that shows how one variable affects another. Each 

arrow in a causal loop diagram is labelled with a “+” or a “-” where a positive arrow shows that if 

the variable at the start of the arrow changes, then the variable it affects (i.e. the variable at the 

end of the arrow) also changes in the same direction, whereas a negative arrow means that the 

effect on the second variable is in the opposite direction. A variable can be qualitative (soft) or 

quantitative (measurable). This current research uses many causal loops to get insight on the 

system in question. One of the strengths of the causal loop methodology is its ability to incorpo-

rate qualitative variables in the system thinking approach (Maani and Cavana, 2000). 

Feedback loops can be identified in diagrams by following arrows along any path that leads back 

to the original model component. If a model is complex, it contains several feedbacks loops and 

each feedback loop is labelled with an “R” or “B” sign in the centre of the loop suggesting that 

the loop is causing reinforcing (positive) or balancing / equilibrium (negative) behaviour in the 

system. Two lines drawn across an arrow represent delays. In both natural and social systems, 

delays often occur. In system thinking, delay refers to the time that elapses between a cause and 

its effect (Maani and Cavana, 2000) 

 



 

 

Chapter 3 
PHYSICAL AND ENVIRONMENTAL CHARACTERISTICS OF 

GUNUNG SEWU KARST 

3.1 Introduction 

The development of karst and the degree to which water occurs and moves in carbonate rocks is 

related interdependently to geologic structure and stratigraphy, relief, rainfall, hydrogeologic history, 

soil characteristics and vegetation. A high degree of climatic variability, degraded vegetation cover, 

and excessive soil exploitation in karst impacts on socio-economic conditions (Lahlou, 1996). It is 

necessary to understand and respect the processes that act upon karst if it is to be managed sustaina-

bly, i.e. the characteristics of the karst environmental system as well as the resource capacity of the 

system.  

Various attributes of karst present different environmental problems in relation to its suitability for 

agriculture. These have a significant impact on sustainability. Since soil and water are the two pri-

mary resources for food production, the relationship between the karst landscape and soil and water 

movement must be understood in order to minimise human impact. In the case of Gunung Sewu, this 

direct influence of agricultural activities is examined in Chapter 4.  

3.2 Climate 

The island of Java in the direct path of the tropical easterly and westerly monsoons. This results in 

very high rainfall. Suseno and Sukirno (1996) stated that Gunungkidul has an annual precipitation 

average of between 1,500 and 2,000mm per year. This is still less than the neighbouring coastal areas 

that have an average of more than 2,000mm (Whitten et al., 1996). Areas with the highest annual 

rainfall occur in Gunung Sewu Karst, and include the Districts of Tepus, Rongkop and Ponjong (part 

of the study areas). Rongkop and Tepus received from 2,000 to 2,500mm/year and Ponjong 750 to 

2,000mm/year (Pemda Kab. Gunungkidul, 1994a). This rainfall mainly occurs in November to May 

and is generally highest between November to February, with the maximum usually in January with 

an average rainfall of 332mm/month. Rainfall of less than 100mm/month occurs between May – 

October. Total rainy days average between 12 and 19 per month (Winarno and Suntoro, 1999). 

Nevertheless, this high precipitation, does not guarantee an adequate water supply because as a result 
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of the geological structure of the area, rainfall rapidly disperses into the porous limestone where it is 

stored as underground water (see previous chapter).  

Gunung Sewu itself experiences a tropical monsoon climate, marked by a wet west monsoon season 

from October/November to April/May which alternates with a dry east monsoon season that starts in 

April/May and continues through to October/November (Winarno and Suntoro, 1999; Pemda Kab, 

Gunungkidul, 1994a), although there are small diurnal and annual variations (De Klein, 1989).  

According to Suseno and Sukirno (1996), Gunungkidul has an annual precipitation average of from 

1,500 to 2,000mm per year, which is less than the neighbouring coastal areas that have an average of 

more than 2,000mm (Whitten et al., 1996). Areas within Gunungkidul with the highest annual rain-

fall occur on Gunung Sewu Karst, and is highest between November and February, with the highest 

falls usually occurring in January with an average rainfall of 332mm, while rainfall of less than 

100mm per month occurs between May and October. Total rainy days average between 12 to 19 per 

month (Winarno and Suntoro, 1999). 

According to the National Bureau of Meteorology and Geophysics (1997), the dry season in 

Gunungkidul in 1997 started at the end of March. Based on the measurement of average rainfall in 5 

different stations in Gunung Sewu during March 1997 by Soenarto (2002), the total rainfall was only 

112mm compared with 387mm in January and 257mm in February. In November 1997, the rainfall 

total was only 16mm (compared with December’s 144mm). The total rainfall in 1997 was 1168mm. 

This contrasts with the following year, 1998, when there was essentially no dry period and a total 

rainfall of 3251mm. Typically, the dry season varies from 3 to 7 months and may see no rain at all. 

During wet months, rainfall in Gunungkidul ranges between 256 and 464mm per month, while 

during dry months, it can be less than 50mm per month. In some dry seasons, cloudless skies occur 

and some months receive absolutely no rainfall as happened during the months of May to October 

1982 and 1997 (El Nino) where rainfall was zero (Soenarto, 2002). This caused a long drought. 

However, the duration and severity of the dry conditions is unpredictable and varies widely from 

year to year. 

3.3 Geology  

According to Lokier (2000a) the active volcanism related to subduction to the south of Java has 

produced copious amounts of volcanoclastic and epiclastic material much of which has entered the 

marine environment supplying it with nutrients that have had dramatic effects on carbonate sedimen-
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tation and deposition. This has resulted in the development of the shallow water carbonate platform 

which dominates the south and east of the area making up the Gunung Sewu zone (Figure 3.1). The 

resulting geological formations are listed in Table 3.1.  

 

Java Sea  

 Semarang 

Yogyakarta  
Oyo River     

Klaten Surakarta 
Madiun

Wonosari 

Indian Ocean     

Note: A – B refers to cross section (Figure 3.2) page 59 

Source:  Mapping Department, Geological Research & Development Centre, Bandung (1995) 

Figure 3.1 Geological Map of Gunung Sewu 

According to Koesoemadinata (in Samodra, 2001), several factors favoured the development of the 

carbonate platform in Gunungkidul: 

1) stable tectonic conditions; 

2) shallow marine conditions, because carbonate deposition requires super-saturation, which 

can be achieved by evaporation in relatively shallow seas (0-200m); 

3) tropical or subtropical climate; 

4) clear water conditions; 

5) enough nutrients supplies for the growth of marine biota. 
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Research by MacDonald & Partners (1984b) and Surono et al. (1992) assigned the formation of 

Gunung Sewu carbonate rocks to the middle Miocene-Pliocene, around 12 to 4 million years ago 

(Table 3.1). 

Table 3.1 Geological Formations of Gunungkidul 

Formations MacDonald & Partners 
(1984b) 

Surono et al.  
(1992) 

1. Kebo-Butak:   
a. Composition conglomeritic shale, tuffs Upper part: alternating between sandstone, 

claystone and thin layer of acid tuff; lower part: 
sandstone, siltstone, claystone, shale, tuff, agglo-

merate 
b. Age Early Miocene Late Oligocene – Early Miocene 
c. Thickness n.a. > 650 m 

2. Semilir:   
a. Composition interbedded breccias, 

shales, tuff 
tuff, dacitic pumice breccia, tuffaceous sandstone 

and shale 
b. Age Early – Middle Miocene Early - Middle Miocene 
c. Thickness 1200 m > 460 m 

3. Nglanggran:   
a. Composition agglomerate, tuff volcanic breccia, agglomerate and andesitic-

basaltic lavas, tuff 
b. Age Middle Miocene Early– Middle Miocene 
c. Thickness 750 m 530 m 

4. Sambibitu:   
a. Composition siltstone, shale, tuff, 

sandstone 
sandstone and claystone 

b. Age Middle Miocene Late early – early Middle Miocene 
c. Thickness 150 m 230 m 

5. Oyo:   
a. Composition tuffs, tuffaceous sand-

stones 
tuffaceous marl, andesitic tuff and conglomeratic 

limestone 
b. Age Middle – Late Miocene Middle Miocene 
c. Thickness 350 m >140 m 

6. Wonosari:   
a. Composition limestone 

 
limestone, marly-tuffaceous limestone, conglome-
ratic limestone, tuffaceous sandstone and siltstone 

b. Age Middle Miocene – Early 
Pliocene 

Middle Miocene – Pliocene 

c. Thickness 300 - 800 m > 800 m 
7. Kepek:   

a. Composition marls marl and bedded limestone 
b. Age Late Miocene – Pliocene Late Miocene – Pliocene 
c. Thickness 200 m 200 m 
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The oldest formation in the Gunungkidul Regency is the Kebo-Butak Formation, which dates from 

the early Miocene. This formation is of marine origin (Rahardjo, 1999), and is the product of mostly 

submarine fan deposition. Lokier’s study (2000b) showed that during the Miocene, there was a 

period of abundant global coral development, when deep marine conditions dominated the north and 

west of what is now Gunungkidul (Lokier, 2000a). This is also indicated by the lack of microfossils 

in most of the finer layers (Rahardjo, 1999) found in Semilir Formation, which forms the Baturagung 

Range and overlies the Kebo-Butak Formation.  

The next overlying formation, the Nglanggran Formation, forms the highest part of the Baturagung 

Range. This consists mostly of coarser volcanic materials, such as andesitic breccia (Rahardjo, 1998) 

arising from Miocene volcanicity (Lokier, 2000c). This formation produced inputs to the next overly-

ing formation, the Sambibitu Formation. This is evidenced by the presence of coral fragments and 

abundant larger foraminifera within the more calcareous part of the Formation (Rahardjo, 1998). The 

initially high level of volcaniclastic input gradually declined and was replaced by marls and occa-

sional packstones. The presence of limestone and calcarenite in the overlying formation, the Oyo 

Formation, is indicative of the commencement of carbonate deposition. Middle Miocene Oyo Beds 

are of extremely varied composition (marl, tuff, limestone breccia, sandstone, conglomerate) and are 

partly impervious.   

The Wonosari carbonate sediments are divided into four facies of reef: lower slope, upper slope, 

coral and algae (Utomo and Siregar, 2000—Figures 3.3 and 3.4). The lower slope facies dominate 

the northern part of the area, which is mostly part of the Wonosari plateau, while algae reef is found 

spread across all the study areas. 

Gunung Sewu limestone shows a considerable range of lithology, although compact, fine-grained, 

white to yellowish / cream coloured calcilutites dominate (Waltham et al., 1983). These calcilutites 

are partly solid and hard, and partly chalky and porous. Beds of chalky limestone occur sporadically 

through the main limestone, but increase in proportion towards the northern facies boundary where 

they are commonly thinly bedded (Waltham et al., 1983—Figure 3.2).  
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Source: Waltham et al. (1983; 1982) 

Figure 3.2 Cross Section through Gunung Sewu (see location on Figure 3.1) 

The Gunung Sewu limestone was uplifted from a shallow marine environment (Samodra, 2001), 

whereas the Oyo Formation was sedimented in a deeper marine environment. The lithology gradually 

changes from limestone rich in marl and siltstone, to sandstone. The ratio between plankton and 

benthic foraminifera also tends to decrease. All of these indicate a gradual change in conditions from 

a deep marine to a shallow marine environment. Reefs formed in shallow marine environments 

dominate the Wonosari Formation lithology (Figure 3.3). Similarly, the Kepek Formations show a 

tendency towards increasing sandstone, also suggesting a shallower depositional environment. 

 

Ponjong

 Tepus

Rongkop

Source: Utomo and Siregar (2000) 

Figure 3.3 Distribution of Wonosari Limestone Reef Facies 
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In the basins, the Wonosari Beds are underlain by the relatively impervious Kepek Beds made up of 

marl and bedded limestone. In the central part of the plateau there is a distinct up-warping (250 to 

300m), whereas the eastern parts show slight, saddle-shaped folds. These are underlain by various 

volcanics and clastics. They are in turn overlain by clays mainly of weathered volcanic ash origin, 

which floor the valleys within the karst (Waltham et al., 1983). 

Each formation, lithology and facies, determines different patterns of water infiltration and influence 

the groundwater potential within the area. This is discussed in a later section. This condition, accord-

ing to Bakalowicz et al. (in Kaçaroğlu, 1999) depends on the type of the land use (e.g. agriculture, 

forestry, urban); the type of cover overlying the karst (covered or bare karst); the type of rocks in the 

karst system; and the type of karstified rocks. 

The Gunung Sewu Karst was uplifted above sea level as a result of plate boundary tectonism. Ac-

cording to Samodra (2001), this occurred at the end of the Early Miocene or beginning of Middle 

Miocene (about 20-15 million years ago).  

3.4 Soils  

Soil formation is strongly influenced by the character of the parent material (Haussenbuiler, 1978). 

The almost complete dissolution of limestone in rainwater means that karst-derived soils are very 

thin or completely non-existent because there is little residue left on the surface to form the basis of a 

soil. According to Dames (1955) who analysed the soil of Gunung Sewu, the parent materials are 

mostly insoluble residues and volcanic ash, originating from the neighbouring volcanoes. Soil depth 

varies from zero on steep slopes to several metres in depressions. Shallow soil increases the potential 

for accelerated erosion resulting in outcrops (bare rocks), which decrease soil productivity.  

The soils of Gunung Sewu are classified as soft textured, clayey and easily eroded (Dames, 1955). 

Consequently all the mobile materials from the karst hills and slopes have been carried into the 

enclosed depressions formed in the karst, consisting of volcanic ash, sand and debris from the slopes 

(Donner, 1987), which provide only 10-20% of the cultivable area (Nibbering, 1991b). The clay is 

partly a result of the volcanic residues that can develop quickly into this material (McLaren and 

Cameron, 1994).  
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Source: Soenarto (2002) after Sunyoto (1992) 

Figure 3.4 Distributions of Limestone Facies in Part of the Study Area 
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On bare karst where there is no vegetation and soil to capture the water, rainfall disappears into the 

ground through solutionally widened fissures, either just where it lands or after a very brief surface 

flow. In residual soils that allow high infiltration rates, throughflow exists, but otherwise water 

moves vertically towards the bedrock surface and into opened joints. On thinly-vegetated or bare 

karst, the prolonged leaching of weathering mantles may cause the formation of dense, acid, fine-

textured soils, which consist of clay minerals. However, excessive clays can reduce the draining 

ability of the soil, thus inhibiting infiltration and causing longer overland flow prior to infiltration, 

making such soils difficult to cultivate. Clay soils become very sticky during rainy periods, espe-

cially if there are heavy rains and due to lack of aeration, decomposition of plant residues is further 

retarded by the limited supply of oxygen. When a soil is moist, water tends to fill the pores. There-

fore in Gunung Sewu, during heavy rain, the pores quickly become saturated with water and the soils 

remain water-filled for long periods. The net result is a low fertility and a poor basis for agriculture.  

The reef limestone of the Wonosari Plateau with its marly facies has resulted in the formation of a 

limestone soil which is mainly brownish-red to dark brown in colour although there is a considerable 

variation in soil colour. Lateritic limestone soils containing 97 to 99.5% CaCO3 with very little silt, at 

a depth of 10cm, rapidly merging into brownish-red subsoil which rests directly on the hard lime-

stone (Dames, 1955). The red colour is due to iron oxides (Nibbering, 1991a). Its physical properties 

are comparable with those of the red lateritic soils derived from volcanic material. Red soils in 

Gunung Sewu are termed mediteran (UGM in Urushibara-Yoshino, 1991) and usually show a low 

pH in B-horizon with no reaction of calcium (Urushibara-Yoshino, 1991).  

Mediteran soil is mostly very shallow, very permeable with moderately water retention and is slightly 

plastic and sticky. In dry condition, the soil tends to show cracks and is initially hard but crumbles 

with prolonged dry conditions.  The stickiness of the soil is shown by its predominant grain size. It 

contains 2-22% sand, 12-28% silt and 50-85% clay (particle size <0.005cm) (Dames, 1955). This 

was confirmed in the field soil sample results (Table 3.2), which show that clay forms most of the 

soil profile in the study area.  

The soils show a strong fixation of phosphate (citric acid=0.001-0.002%), but are poor in potash. In 

some cases they have been strongly leached of lime, and they usually contain only 0.5-1% CaO. The 

base-exchange capacity varies from 7-25 m.e/100 g (Dames, 1955). This is also consistent with 

results of the lab analysis of the soil samples (Table 3.2) although soil in intact forest tends to show 

higher base-exchange capacity. Dames considers the physical properties of the soil as relatively 

good, terra rossa-like and derived from a mixture of limestone weathering and volcanic ash. How-
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ever, Dames (1955) also suggests that the agricultural potential of the soils is independent of the 

various soil types. 

In some part of Ponjong Sub-district, brownish-black to black, margalitic limestone soils are found. 

The profile of a deeper soil is: 

1) 0-10cm: very dark grayish brown, crumbly, moderately plastic, cracking and sticky, moder-

ately permeable topsoil with some iron concretions and rock fragments, pH 7.3 

2) 10-40cm: dark grayish brown, crumbly subsoil, pH 6.7 

3) 40-110cm: dark brown, somewhat more plastic and sticky layer, pH 7.4, resting sharply over 

hard limestone. 

These soils have developed from platy limestones consisting of alternating layers of rather pure and 

slightly marly limestone, the latter containing 90-96% of CaCO3 (Dames, 1955). Chemically, the 

soils contain 1-2% active CaO. The pH is 7-7.5, sometimes going up to 8. The base-exchange capac-

ity of these soils varies from 40-60 m.e/100 g. The soil nutrient composition within the study area is 

presented in Table 3.2. Out of all the nutrient contents, the soil has the highest percentage of calcium 

(Ca) due to the high calcium content of the limestone. While potassium (K) is available in small 

amounts because it is an inorganic nutrient that can only be absorbed from the soil water or ground 

water.  

Table 3.2 Some Chemical Properties of Soils in Gunung Sewu 

 Intact Forest Hillside Valley 
pH 6.30 7.10 6.80 
N (%) 0.25  0.18 0.12 
P (ppm) 0.60  1.60  Tr* 
Ca (m.e/100g) 35.76  32.15  16.99 
Mg (m.e/100g) 0.95 0.32 2.16 
K (m.e/100g) 0.28 0.05 0.13 
CEC (m.e/100g)   33.12   23.65  22.26 
Sand (%) 7.46   18.02 3.70 
Silt (%)  14.98   49.29  21.34 
Clay (%)   77.56   32.69   74.96 

Note: * = too small for measurement 
 

Source : Field samples of 24 samples. Analysed by the Laboratory of Soil, Department of Soil, Bogor Agricultural Univer-
sity. Techniques used including Walkley & Black, Kjoldjal and Bray Olsen. 
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As shown in Table 3.2, the highest percentage of nitrogen is found in soils under intact forest. Nib-

bering’s (1991a) field measurements on the western part of Gunung Sewu showed similar results. 

Nitrogen is highest in natural forest because the land is not cultivated. When soil is brought into 

cultivation, N is usually reduced due to increased rates of oxidation of the soil (Walsh and Beaton, 

1973), as well as low organic matter.  

3.5 Vegetation 

The natural distribution of forest in Java is shown in Figure 3.5. Forests on limestone generally have 

a similar total basal area of trees (sum of cross-sectional area of trunks at breast height) to other 

lowland forests, but contain no plant endemics (van Steenis in Whitten et al., 1996), although on 

steep limestone cliffs with bare rocks, a distinctive herbaceous flora occurs (Whitten et al., 1996). On 

steep slopes with shallow soils and a high calcium content, the growth pattern of the trees is often 

affected, so such limestone forests generally have a relative paucity of trees and tree species (Proctor 

et al., 1983a, 1983b; Crowther, 1982).  

 
Source: Ministry of National Development Planning (1993) 

Figure 3.5 Forest Distributions in Java 

At present, various plants other than trees are grown in Gunung Sewu (Figure 3.6), including crops, 

fruit and other supplementary edible plants, grown in fields and home gardens. Trees are planted to 

provide a supply of firewood, fodder, timber and especially cash for households. Farmers prefer fast-

growing species with good timber qualities and seed material that germinates readily and is easy to 

come by. Teak, acacia and mahogany are the preferred species for timber and firewood. The superi-

ority of teak over other commercial timber because of its durability, beauty and workability over-

comes  the obstacles associated with it, such as its low seed yield per tree (Kaosa-ard et al, 1998). 

64 



  Chapter 3 

65 

Teak is mostly found planted on the hills, while flat areas are reserved for cash crops, except in 

Ponjong village, where teak was observed planted on the flat fields. Unlike other households that 

have planted a few teaks on the hills, here, a field belonging to one household may contain several 

trees, some are even planted in the housegarden, something rarely seen in other villages.  

Other trees such as acacia and mahogany are often planted to meet the need for firewood and animal 

fodder as well as for dwelling building materials. Another commonly planted tree is Gliricidea, 

which is used to supply animal fodder, but because its bark is very thin it is not very useful for fuel. 

The total land cover under teak, acacia and mahogany forest occurs in patches so small that they are 

not considered “forest” in Gunungkidul in Figures (the statistical yearbook).  

The annual crops planted in open fields consist of wet-field, dry-field and horticultural crops. Rice, 

as the basis of the staple diet in the area, is planted in sawah and tegalan. Two types of rice are 

grown, wetfield rice and upland rice (padi gogo). During the rainy season, a completely different 

landscape is evident in Gunung Sewu, especially in the valleys, where the landscape is characterised 

by rainfed sawah. The tegalan are found both on steep sloping areas that cannot be converted into 

sawahs because of the permeable character of the limestone and in depressions where they are used 

for upland rice in the wet season and usually provide two short-season crops per year, such as corn 

and soybean, or one growing crops of peanuts and cassava. The hillsides are planted with cassava 

and some with trees, especially teak and acacia, while the foot slopes are planted with corn, maize 

and cassava as multi-layer cultivation.  

Although not widespread, several crops are planted for commercial production, such as coffee, 

coconut, clove, tobacco and cotton. Most of these crops were grown during the colonial periods and 

their growth focussed on the more fertile area of the region. In the study area, most of these crops are 

found in the District of Ponjong. Coffee and cloves are not found in Tepus and Rongkop, and only a 

very small amount of tobacco is planted in Rongkop and Ponjong. Although both cotton and coconut 

are found throughout the three Sub-districts, Rongkop has the largest area planted with cotton and 

Tepus has the largest coconut plantation among the three studied Sub-districts. Nibbering (1991a) 

found that cotton and coconut are the most commonly-grown species in the Sub-district of Panggang 

and Paliyan. While Jughuhn, van Valkenburg and White (in Nibbering, 1991a) suggested that coco-

nut palms were originally the main trees or at least the most striking ones planted. 

 



 

Vegetated Area 
 

 
     

Cultivated Area       Non-Cultivated Area 
 

 
      Field Crops             Agroforestry              Estates       Grass             Forest Plantation 
(tanaman musiman)              (perkebunan) (rumput)   (hutan tanaman) 
 

 
Wetland Rice  Uplands Crops      Intercropping     Homegarden        Alang Alang  Teak  Mahony  Acacia    
Others  
(sawah irigasi)   (tegalan)      in Upland Areas   (pekarangan)       (jati) (mahoni) (akasia) 
(lainnya)       
     (tegalan tanah tinggi)       

 

Open Field  Horticultural    Coffee   Coconut     Clove        Tobacco      Cotton 
    Crops      Crops   (kopi)    (kelapa)  (cengkeh)  (tembakau)  (kapas) 

  (tegalan) (kebun sayur) 
 
 
Irrigated Sawah   Rainfed Sawah 
 (sawah irigasi) (sawah tadah hujan) 

 

 

Continuous Rice Rice – Secondary Crop 
   (padi 2-3 x)   (padi 1 x - palawija) 
 
 

Source: Field observation 

Figure 3.6 Vegetation Classifications for Gunung Sewu 
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The type of grass found throughout Gunung Sewu is alang-alang. Alang-alang (Imperata cylin-

drica) is a seconddary species that grows naturally on cleared areas.  This suggests that the area 

was once covered with forest.  Nevertheless, it plays a role in Gunung Sewu as livestock feed. 

Alang-alang dominates grasses grown on hillsides while it is also common in valleys, which have 

been cleared of timber. Another type of grass that is self-generating on the hillsides under the 

trees and used for livestock feed is buffalo grass (see Figure 1.8). Both types of grass provide 

important ground covers for soil conservation. 

3.6 Karst Geomorphology 

Karst features are different unique due to the subterranean drainage and high solubility associated 

with their limestone bedrock. There is a tendency for limestone with higher purity (measured by 

the average percentage of CaO), to be the most soluble (Sriyono in Sutikno, 1996). According to 

Dreybrodt (1988), massive limestone has a low permeability of about 5 x 10-3 cm2 but following 

solutional process this can increase by 104 to 105 times. Furthermore, a limestone must consist of 

at least 60% CaCO3 in order for karst processes to begin and 90% for well-developed karst 

(Jennings, 1985). Therefore, limestone that is pure, thick, strong and massively jointed is required 

for a fully developed karst landscape and must be exposed at the surface, which allows a greater 

surface area to react with water.  

Under the heavy rainfall climate, the uplifted limestone of Gunung Sewu (with CaCO3 purity 

content over 97%) (Nibbering, 1991b) has experienced extensive denudation. Sutikno (1996) 

gave a figure of 0.13 to 0.2mm per year as the denudation rate of karst for Indonesia.  

Towards the end of the Pleistocene, the Gunungkidul area was tilted to the south. Rivers flowed 

in that direction, cutting across the present karst area, incising deep valleys into the uplifted 

surface. There was much stronger uplift around the southern area of the limestone, which caused 

the uplift associated with the Wonosari and Baturetno Basins.  

The karst hills form a unit elongated east–west, with an altitude along the central crest line 

mostly around 250–300m, but rising to over 500m in the northeast. To the south, the hills drop 

steeply to the coast. Kusumayudha (2000) estimated there was a total of about 45,000–50,000 

karst hills in Gunung Sewu. The area can be divided into three karst geomorphological units 

(Table 3.3), with various different surface features (Figure 3.7–3.10) portrayed in its topography 

(Figures 3.11-3.13)  
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Table 3.3 Characteristics of the Gunung Sewu Karst Geomorphological Unit  

Karst Geomor-
phology 

Location Limestone 
Composition 

Topography Elevation 
(m a.s.l.) 

Valleys Wonosari Plateau napal globigerina, 
wackstone, sands 

Flat  120 – 210 

Hills Gunung Sewu boundstones, pack-
stones 

Hilly 75 - 400 

Coasts Southern coast packstones Flat to hilly 1 - 25 
Source: Kusumayudha (2000) 

 
 
 
 

 
Figure 3.7 Flat Topography—Genjahan Village, Ponjong Sub-district (for location see Figure 

3.11-A)  
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Figure 3.8 Valleys and Hills – Rongkop Sub-district (for location see Figure 3.12-B) 

 

 

Figure 3.9 Coastal Landscape – Balong Village, Rongkop Sub-district (for location see 
Figure 3.12-C) 
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(a) Collapse sinkhole showing the presence of flowing groundwater – Tepus Sub-district (for 

location see Figure 3.13-D) 
 

 
(b) Collapse sinkhole showing the formation of cave underneath –Tepus Sub-district (for loca-

tion see Figure 3.13-E)  
Figure 3.10 Sinkhole and Cave - Underground Features of Gunung Sewu



 

                                                      
Source: National Survey and Mapping Coordination Board (1998) (Page 1408-312 Karangmojo  

         N 
 
 
 
 
 
 

Figure 3.11 Location of Picture A (Figure 3.7) 
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Source: National Survey and Mapping Coordination Board (1998) (Page 1407-632 Jepitu) 

Figure 3.12 Location of Pictures B and C (Figures 3.8 and 3.9) 
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National Survey and Mapping Coordination Board (1998) (Page 1407-632 Jepitu) 

Figure 3.13 Locations of Pictures D and E (Figure 3.10) 

Surface streams from the Wonosari Plateau sink where they meet the coral reef limestone of the 

Wonosari Formation (Gunung Sewu) (MacDonald & Partners, 1984b; Waltham et al., 1982). At 

some point, the underground drainage replaces the surface flow as subterranean conduits. This 

process of replacing surface with underground drainage produces the dry valleys that dissect 

much of Gunung Sewu (Figure 3.14). Most sinkholes are developed along dry valleys. The 

evolution of this underground drainage is controlled by the amount of water, composition of 

bedrock, presence of existing joints or fractures, porosity of alluvium and CO2 content of the soil 

(White, 1988).  

Although the chalky limestones of the Wonosari Plateau (see Figure 3.2) are basically non-

cavernous, the weathering at the boundary between the layers of the lower slope facies of the 

Wonosari Formation has facilitated the entrance of water which then develops caves; thus iso-

lated small cave passages are found. About 200 caves are known to exist in Gunung Sewu (Fig-

ure 3.15), and most of them are still active and have small to large discharges (Waltham et al., 

1983).  
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Source: MacDonald & Partners (1984) 

Figure 3.14 Surface Drainage System of Gunung Sewu 

 

TOWN 

Source: UGM (1993) 

Figure 3.15 Cave Distributions in Gunung Sewu 
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Source: Soenarto (2002) 

Figure 3.16 Distributions of Springs in Gunung Sewu 

The majority of caves are sinkhole shaft systems.  During the wet season, these are the principal 

drainage routes for runoff in Gunung Sewu (MacDonald & Partners, 1984). Therefore, within the 

Gunung Sewu, the groundwater drainage is typical of that of a mature karst in that the majority of 

the flow is through discrete, widely-spaced conduits, or caves, and most water drains rapidly 

downwards through the limestone to a deep and gently graded water table (Ko, 1987).  

The development of caves and channels sloping to the north leads most groundwater flow in that 

direction from the upper slope facies to the lower slope facies (Utomo and Siregar, 2000). In 

most areas, the base of the limestone is not seen and in central Gunung Sewu it appears to be well 

below sea level (Waltham et al., 1983), as some springs emerge on the coast (Figure 3.15).  

3.7 Karst Hydrologic System 

3.7.1 Karst drainage system 

The subsurface rock texture and the continuity of beds influence the direction and potential rate 

of water movement (Daniels and Hammer, 1992), while the altitude of an area determines the 

hydraulic head. In turn, hydraulic head, permeability and distance to the outlet determine the rate 

of groundwater movement. Therefore, for a given rainfall, the composition of the surface and 

subsurface rocks and the geomorphology of the area control the hydrology.  
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Karst drainage (Figure 3.17) is characterised by its subterranean nature and its dynamic evolu-

tion. For certain karst areas, the hydrology is site-specific. The specificity of karst hydrology 

follows the condition of the karst area. This specificity is a function of the degree of karstifica-

tion, the number of catchments, depth to groundwater, geological complexity, facies, and the like 

(Soenarto, 2002).  

 
Source: Doerflinger and Zwahlen in Doerflinger  et al. (1999) 

Figure 3.17 Scheme of a Karst Aquifer 

 

 
Source: Gunn (1990) 

Figure 3.18 Inputs and Outputs in Karst Area 
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The karst drainage network includes surface elements such as soil, vegetation, regolith, and 

closed depressions (Figure 3.18), which regulate the quantity and quality of water which flows 

underground (Gillieson, 1996).  

To convey the process of drainage in karst, Gunn sketched a generalised picture of its drainage 

system as shown in Figure 3.19. 

 
Source: Gunn (in Trudgill (ed.), 1976) 

Figure 3.19 Simplified Model of Karst Drainage System 

Compared with karst areas where infiltration to groundwater dominates, the surface river runoff 

in non-karst areas flows directly to the sea. In non-karst, surface water is drained and directed 

according to local topography and even subsurface water flow is through the soil and close to the 

surface. In non-karst, groundwater divides are similar to surface drainage basin boundaries. Thus 

the input and output of the water in non-karst areas can easily be known and the processes can be 

measured and estimated, i.e. in Indonesia, a non-karst area such as paddy fields irrigated by 

flowing river, has a readily defined boundary. In non-karst areas, the hydrological balance is not 

difficult to measure as long as the total area within the system is recognised (Soenarto and 

Samodra, 1999). Figures 3.17 and 3.19 compared with Figure 3.20 differentiate karst and non-

karst hydrology. 
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Source: After Sato in Soenarto (2002) 

Figure 3.20 Diagram of Non-Karst Hydrology based on Hydrological Processes 

This conveys the three-dimensional nature of karst: water flowing laterally across the surface, as 

well as vertically and then horizontally underground. Water infiltrates into the karst through the 

soil and regolith, moving under gravity until it reaches the water saturated zone (Figure 3.21), the 

top of which is the water-table (piezometric surface). Within karst, water will sometimes move 

slowly from recharge areas, where the water-table is highest, to discharge areas where is lowest 

(Gillieson, 1996). The saturated rocks underneath the water-table constitute the phreatic zone, 

and the aerated rock above the water-table is the vadose zone (zone of aeration). At the top of the 

vadose zone, beneath the soil, is a particularly weathered zone termed the epikarst (or subcutane-

ous zone). It is an immediate subsurface zone, highly fissured due to dissolution and pressure 

release of rock near the ground surface. Infiltrating water is stored and mixed in the epikarst 
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before percolating further down under the influence of gravity. Within karst, there exists a great 

potential for mixing of drainage and storage waters because flow is sometimes turbulent. Karst 

therefore has the capacity for easy transmission of contaminants (White, 1988), making such 

areas more susceptible to a greater range of environmental problems than any other terrain. 

 
Source: Jeanning and Grasso in Doerflinger et al. (1999) 

Figure 3.21 Water Recharge by Epikarst Zone 

Karst aquifers receive both diffuse recharge from percolation through the soil and concentrated / 

point recharge from surface runoff that flows directly into the aquifer from stream sinks and 

sinkhole drains. Diffuse percolation recharges the epikarst.  The combined flow later re-emerges 

as springs (Figure 3.17 and 3.19).  

Thus, some distinctive features of karst according to Bakalowicz et al. (in Kaçaroğlu, 1999) are: 

(1) a general lack of permanent surface streams; (2) the existence of swallow holes into which 

surface streams sink; (3) the presence of underground channels (conduits or drains) in which 

rapid water flow occurs, but where the boundaries are difficult to determined; (4) the occurrence 

of large springs. 

In line with Jennings' (1985) conclusions, karst areas exhibit three characteristics with respect to 

drainage: (1) Due to the nature of the limestones, precipitation will rapidly infiltrate the soil and 

rock; (2) Due to the occurrence of sinkholes and caves and other input points, overland flow 

rarely reaches stream channels and; (3) Due to gravitational force and the solutionally enlarged 

conduits, water does not usually move laterally through the soils. This results in areas where 

surface streams are rare as significant flow occurs underground. Therefore, it is clear that karst is 

always associated with underground rivers, the catchment boundaries of which are difficult to 

determine. In contrast, non-karst hydrology is always associated with surface rivers, which have 

readily definable catchment boundaries and catchment areas. 
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Source: Ford and Williams (1989)  

Figure 3.22 Simplified Diagram of Flow Linkages in a Karst Drainage System 

 

3.7.2 The role of the epikarst zone  

Due to the importance of vegetation, soil and regolith on the flow of water in karst, and the role 

that the epikarst has on regulating the quantity and especially the quality of water, the focus of 

this study is on the ground surface through to the epikarst zone since the risk of water pollution is 

dependent on this zone.  

Most pollution transmission into karst is via sinking streams as point recharge. The diffuse re-

charge into the epikarst tends to filter and treat pollution, or at least reduce its impact. Soil and 

other geological layers potentially have an important attenuation capacity (Zaporozec in Doelfin-

ger et al., 1999) due to their specific texture/structure, thickness, organic matter content and clay 

minerals, degree of water saturation and hydraulic conductivity. Soil organic matter provides an 
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excellent environment for chemical and biological breakdown of contaminants before they can 

reach ground water. This is important in reducing concentrations of micro-organism, although a 

neutral pH environment favours extended bacterial survival. The thickness of the soil is strongly 

related to water residence time, i.e. the thinner the soil, the greater the vulnerability. While vege-

tation has a role as soil stabiliser, i.e. holding the soil in place and reducing the risk of soil ero-

sion, thus increasing the capability of the soil itself to breakdown contaminants. 

Studies have shown the importance of the composition of soils (organic content, percent sand, silt 

and clay), pH, cation exchange capacity, permeability, texture, moisture and nutrients on the 

survival of the micro-organisms. In general, temperature, pH, moisture and nutrient supply seem 

to have the greatest impact on bacterial survival. Lower temperatures increase survival time. 

Temperature extremes seem to be the most harmful to bacteria. Extremes in pH are detrimental to 

micro-organism survival. Generally, a neutral pH environment favours extended bacterial sur-

vival (Crane and Moore in Kaçaroğlu, 1999).   

The most prominent processes in the soil that have an effect on micro-organism removal and 

reduction are filtration, adsorption and die-off. The surface soil is of major importance in reduc-

ing concentrations of micro-organisms in infiltrating water. The physical and chemical natures 

(properties) of soil (rock) affect micro-organism survival in the groundwater. Adsorption of 

micro-organisms onto clay particles and organic materials effectively removes bacteria from 

water (Crane and Moore in Kaçaroğlu, 1999). Solids with large specific surfaces have high 

adsorption capacity. Therefore, since sandy soils have large pore spaces between individual 

particles, the particles have relatively little surface area to absorb contaminants. Consequently, 

large amounts of rainfall can percolate through these soils, and dissolved contaminants can move 

rapidly through the soil, into the groundwater. Clayey soils, on the other hand, are made up of 

extremely small particles that slow the movement of water and dissolved contaminants through 

the soil. Many contaminants also stick tightly to clay surfaces. Thus in general, sandy and organic 

soils are poor absorbers and clay soils are good absorbers of contaminants (Keswick and Gerba; 

Abu-Ashour et al., in Kaçaroğlu, 1999).  

The larger diameters of the flow paths in fissures and solution channels in a karst aquifer should 

allow the easier transport of suspended micro-organisms (bacteria and viruses). Coliform bacteria 

have been observed to be transported in fissured karstic aquifers for more than several kilometres 

(Matthess and Pekdeğer in Kaçaroğlu, 1999). 

Due to its thin layer of soil, the epikarst zone is subject to extreme weathering and is composed 

of “tiny dissolution pits, shafts, and troughs connected to shallow microcaves, together constitut-

ing … (a) zone of greatest porosity that extends for a few metres below the soil or vegetation” 
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(Ford, 1993:108). Mangin (in Doerflinger et al., 1999) suggests that epikarst is a leaky capillary 

barrier although on the other hand it provides effective drainage (Figure 3.21 and 3.22). Water 

flow within epikarst has a lateral component moving through small conduits towards vertical 

pipes and a vertical component with slow percolation into small fissures (Williams, 1993). 

Weathered karst rocks beneath the soil are generally highly permeable, so groundwater has the 

potential to be easily polluted. Hence, a significant environmental problem associated with many 

karst areas is water pollution. The natural attenuation of pollutants in karst aquifers is limited 

because: (1) lack of available surface area for adsorption, ion exchange or colonisation by micro-

organism; (2) rapid infiltration of water and contaminants restricts the availability of highly 

volatile chemicals to evaporate; (3) thin soil cover and relatively large secondary voids allow for 

rapid transport of contaminants; (4) turbulent flow enhances contaminant transport; and (5) lack 

of sufficient time for time-dependent elimination mechanisms due to rapid flow-through (Ford 

and Williams, 1989). As emphasised previously, groundwater is a precious resource in Gunung 

Sewu, and attention must be given to protecting this source of water. 

Most researchers emphasise the significance of the epikarst for groundwater storage (Klimchouk, 

1999; Gunn, 1992; Williams, 1983). The epikarst is the uppermost layer of a karstified rock in 

which a large proportion of the fissures have been enlarged by solutional erosion (Drew in Daly, 

2002). An epikarst allows rapid infiltration and some storage of large quantities of infiltration 

water. Therefore epikarst is extremely important in transporting water, nutrients, organic matter 

and soil from the land surface and from the rooting zone into the subsurface. In any karst region 

it is important to pay attention to the epikarst, due to the importance of subsurface drainage 

(Koivusalo et al., 1999; Williams, 1983). Its high secondary permeability allows storage of water 

to occur in this zone, which is important for the recharge of the underlying phreatic zone. 

In karstic areas, the epikarst may extend to a depth of several metres or may be absent altogether. 

The thickness of the epikarstic zone is commonly in the order of 10 metres, but can vary from 

almost zero to 30 metres or more (Daly, 2002). Factors affecting the thickness of the epikarstic 

zone include climate, time, characteristics of the bedrock and the vegetational history of the area 

(Daly, 2002).  

The development of epikarst can influence landforms such as dolines. This is described by Ford 

and Williams (1989:400-402):  

recharge from rainfall will be relatively diffuse, depending on soil cover, and percolat-
ing water will accomplish 50-80% of its solutional work within about 10m of the sur-
face. Hence fissures that are considerably widened by corrosion beneath the soil close 
rapidly with depth. As a result, infiltration into the top of this highly corroded subcuta-
neous zone is much easier than drainage out of it. The bottleneck effect results in much 
storage of water in this zone after heavy rain, constituting a perched epikarstic aquifer 
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with a base that is essentially a leaky capillary barrier. Because of the initial spatial va-
riability in fissure frequency and permeability arising from tectonic and lithological in-
fluences, preferred (low resistance) vertical leakage paths develops in the overlying 
subcutaneous water table similar to the cone of depressions around a pumped well. Flow 
paths then adjust in the epikarst aquifer to converge on the dominant leakage route. The 
extra flow encourages more solution and with it the enhancement of vertical permeabili-
ty. 

Tyc (in Daly, 2002) points out the relevance of the epikarstic zone in water quality variability. 

The epikarst is a specific, independent perched aquifer within carbonate massifs, characterised by 

specific hydrologic processes, which occur both within and at its base. Storage and dispersed 

flow within the epikarstic zone causes karstification processes as well as human impacted addi-

tions of solutes to the carbonate aquifer. The epikarstic zone plays an important role in recharge 

and transmission of pollutants from surface non-point sources to the aquifer. Storage delays the 

flood response of the aquifer and the water quality of recharge of the underlying vadose (unsatu-

rated) zone is transformed by hydrochemical processes during storage within the epikarst. Hydro-

logic processes concerned with the concentration of flow at the base of the epikarst zone focus on 

the concentration of pollutants at a certain depth in the rock profile. This causes observed pulses 

of increasing and decreasing contaminant concentrations in water discharged from the aquifer. 

Apart from human activities (discussed in the next chapter), the risk of groundwater pollution is 

also dependent on the natural vulnerability associated with the properties of an aquifer. In rela-

tion to this, Doerfliger et al. (1999), in mapping water vulnerability in karst, take into account 

four karst aquifer attributes: (a) protective cover, (b) infiltration conditions, (c) epikarst and (d) 

karst network development. 

The karst network or the cave system and its degree of organisation play an important role in 

determining water velocity and therefore on its vulnerability (Doelfiger et al., 1999). On the other 

hand, vulnerability in karst depends on the residence time in different parts of aquifer: (a) en-

dokarst with low permeability volumes and high vulnerability, (b) epikarst and (c) protective 

cover. 

Karst fluvial systems and groundwater are directly connected through subsurface conduits. Un-

derground channel (conduit) flow is the most important type of water circulation in karst aquifers 

(Kaçaroğlu, 1999). However, underground channel systems are often complex in that they may 

have more than one channel carrying water and these may have distributary branches so that 

water discharges at more than one spring (Figure 3.21). Furthermore, large velocities of ground-

water in karst do not give sufficient time for pollutants moving through the system to be retarded 

by chemical reactions or other attenuation mechanisms. Contaminants may thus travel several 

kilometres through an aquifer in only few hours. Therefore, caves have virtually no ability to 

treat water-borne contaminants; instead they merely transmit them (Ford and Williams, 1989). 
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3.7.3 Gunung Sewu groundwater potential 

The development of karstic aquifers depends principally upon geological, climatological, bio-

logical and geomorphological controls. According to MacDonald & Partners (1984), the 

Gunungkidul Regency falls within two distinct hydrological basins: (1) Kali Oyo river basin, 

which includes part of the Wonosari plateau and extends outside the provincial boundary in the 

north-east; and (2) the area to the south and west, which includes the remainder of the Wonosari 

plateau but mainly comprises the karst topography of Gunung Sewu. Genetically, aquifers in the 

southern ranges (Figure 3.23) can be divided into: 

1) Volcanic aquifer – Although generally hard and massive, nevertheless it contains many 

joints, thus based on its porosity it can be regarded as a fissure aquifer. 

2) Carbonate aquifer – Can be further divided into the Wonosari basin aquifer, which is 

developed in the tuffaceous Oyo Formation, and can be regarded as an intragranular aq-

uifer; and the Gunung Sewu aquifer within the Wonosari Formation, which is a karstic 

aquifer. Due to the reactivity of limestone and its solubility in water, ground water 

transmission is through a network of solution fissures, bedding planes, joints, micro 

pores of bedded limestones and macro pores of reef limestone (MacDonald & Partners, 

1984). 

The water that disappears into underground rivers can be discharged some distance away as 

springs.  In Gunungkidul there are about 240 springs (Figure 3.16). Looking at this figure, there 

are three hydrological sub systems, i.e. Panggang, Wonosari – Baron and Sadeng. In Panggang 

sub-system, water often discharges as small springs with discharge < 100 l/sec (MacDonald & 

Partners, 1979). In the Wonosari-Baron sub-system, the water discharges as groundwater rivers 

such as through the Baron Spring in the Tepus Sub-district, which has an average discharge of 

about 7900 l/sec, and a range of 4572 l/sec to 21.590 l/sec, based on 20 measurement in 

1998/1999 by Kusumayudha (2000). In the Sadeng sub-system, the water generally discharges 

through coastal springs with discharges < 100 l/sec (MacDonald & Partners, 1979). Fishermen on 

the Baron and Sadeng Coasts who were interviewed by the author identified an underwater spring 

with a high discharge more or less equal to Baron’s. However, there has been no formal research 

to confirm this. 

Most of the known underground rivers, directly or indirectly, drain to the Baron Spring as seen in 

Figures 3.15 and 3.23.  The Baron underground river system that supplies water is from Bribin 

Cave. Bribin was dammed in 1978 and is used to supply ‘clean’ water to the people in three Sub-

districts (Semanu, Tepus, and Rongkop) in 12 villages with 36,000 residents (Sumayku, 2006). It 

then had a discharge of about 60 l/sec, 8-10 hr/day. A new dam started in 2002 is still under 
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construction. With the new dam, Bribin Cave is expected to be able to supply clean water to 3-5 

Sub-districts (about 79,000 people or 7,897 households). Its capacity is projected to increase to 

80-138l/sec, 24 hr/day (Sumayku, 2006). Although previously China has built an underground 

dam for irrigation and other agricultural purposes, according to Franz Nestmann, from The Uni-

versity of Karlsruhe, Germany, who did research for this project, this new dam in Bribin Cave is 

the first in the world to combine an underground dam with micro hydro power.  

 
Source: Soenarto (2002) 

Figure 3.23 Cross Section of Simplified Hydrogeology of Wonosari – Baron 

The quantity of water which infiltrates underground influences the potential agricultural produc-

tivity of an area. Therefore it is important to know the infiltration rate. Several authors have 

estimated the infiltration value for water balance, both in Wonosari Plateau and Gunung Sewu. 

MacDonald & Partners (1979) estimated that for Wonosari Plateau, the infiltration is between 5% 

and 40% (averaging 23%) while in the Gunung Sewu, it reaches 50%. Zabier (1983) uses infiltra-

tion rates of 30%, 40% and 45%. Based on calculations by Kusumayudha in five locations in 

Gunung Sewu, the infiltration rate for Gunung Sewu is 38% and for the southern part 50%, 

whereas the infiltration rate in Tepus is about 59%. Kusumayudha’s results show that infiltration 

in Gunung Sewu is high thus the groundwater potential in Gunung Sewu is considerable. This is 

supported by the data from UGM (1993), which shows that in one year, the groundwater of 

Gunung Sewu, taken both from bore wells and underground rivers, amounted to about 50 million 
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m3; yet this accounted for only 26% of the total groundwater resources of Gunung Sewu, which 

were estimated to be around 190 million m3 per year.  

 
Source: Utomo and Siregar (2000) 

Figure 3.24 Aquifer Model of Wonosari Karst Area 

The distribution of underground water in Gunungkidul area can be divided into three zones as 

follows: 

1) Baturagung zone. In this zone, free underground water is found at a depth of 6 – 12 m, 

with volcanic rocks as the aquifer. 

2) Wonosari Plateau zone. The surface of free underground water is found at a depth of be-

tween 5 – 15 m, with Oyo Formation as the aquifer. 

3) Gunung Sewu zone. The Wonosari Formation (Figure 3.25) is the aquifer. Underground 

water is generally found at depth of more than 30 m below the surface (Kusumayudha 

and Nirmala, 1996). Springs are rarely found.  

The Wonosari Formation is the aquifer for the study area. In the 1994 Spatial and Regional Plan 

for the Gunungkidul area, the potential for underground water and springs in the three study 

districts is described as follows: 

1) Tepus: Difficulties in finding ground water, but subterranean streams can be found. This 
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offers potential supply volumes such as emerge at the Semurup Spring with an average 

discharge of 0.26 l/sec. There are about 16 springs, each with a discharge of less than 

0.01 l/sec, three with a discharge of 0.050 l/sec, 200 l/sec and 8200 l/sec respectively. 

These springs emerge along the coast on Slili, Sundak and Baron beaches. There are 

three dug wells, used to supply drinking water each with a total discharge of 20 l/sec, in 

Sidoarjo village, Banjarejo and Purwodadi. 

2) Rongko: Difficulties in finding ground water. There are no springs, although there are 

three dug wells, each with a discharge of 1 l/sec (Jepitu village), 8 l/sec (Jerukwudel) and 

5 l/sec (Pucung village). The main water supply is from karst ponds, although only 16 of 

50 ponds contain permanent water. 

3) Ponjong: Except for the western part of the Sub-district, the area has springs and much 

direct water usage. In almost every village, the people can get water from wells. There 

are five springs each with a discharge of between 13-45 litre/sec and two with discharges 

of more than 100 litre/sec. 

In Ponjong, where many springs are found, these are also used as sources of irrigation water. 

Whereas in Tepus, although there are many more springs, they are located mostly on the coast, 

and so are relatively inaccessible, appearing a metre or so below mean sea-level (Donner, 1987). 

These pools of brackish water are used for washing.  

Based on the geology, the groundwater layer at the contact zone between the Nglanggran and 

Wonosari Formations (Table 3.1) is located at a depth greater than 150m. Since ponds are often 

not reliable as household water resources, a more accessible potential groundwater resource 

(Figure 3.25) seems to be along the lower slope of Wonosari coral reef facies. Here, the ground-

water is found at a depth of between 20 and 75m. This is consistent with field observations when 

it was noted that in Rongkop, Tepus and part of Ponjong Districts, wells are not found and the 

people must rely on rainwater for water resource, while in some other parts of Ponjong, people 

are able to get their water from wells. 
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Source: Utomo and Siregar (2000) 

Figure 3.25 Main Prospects for Groundwater in the Study Area 

 



 

 

Chapter 4 
THE DEVELOPMENT OF GUNUNG SEWU 

CULTURAL LANDSCAPE 

Throughout their history, people have put increased pressure on the carrying capacity of the 

environment to meet their needs. This is reflected in landscape changes. With the development of 

cutting tools and use of fire, the rate of deforestation increased, improving access to game. As the 

population increased still further, forests were again burnt to clear land for agriculture and per-

manent settlements.  

The resultant cultural landscape portrays the history of the area which, in an agricultural area, is 

associated with the evolution of the food production system. Birks et al. (1988) classify human 

use of the landscape on five levels with an emphasis on the use of soil nutrients: (1) hunter-

gatherer economy; (2) slash-and-burn agriculture and pastoralism; (3) use of permanent manured 

fields; (4) a more efficient use of permanent manured fields; and (5) dependence on artificial 

fertilisers. These five steps in landscape changes are apparent in Gunung Sewu and are explored 

later in this chapter.    

Equally, Allen et al. (1995), Humphreys (1994) and Bourke et al. (1993), agreed that sustainabil-

ity should be evaluated from a cross-sectional study of historical changes in soil and water con-

servation efforts as well as the ability of an area to resist short environmental shocks while 

maintaining or increasing production. It is therefore important to identify the historical changes 

that have taken place and the processes that have contributed to these changes to reach the pre-

sent environmental condition and state of resource management. Urich and Reeder (1996) prove 

that type and intensity as well as the date of forest clearance are critical to the success of regreen-

ing. Therefore, it is important to study the establishment and evolution of permanent settlement in 

Gunung Sewu and to identify the factors that determine people’s movement in and to this fragile 

environment.  

This chapter is divided into two sections. The first recounts the role of human encroachment and 

adaptation through the establishment of permanent settlement in Gunung Sewu, and the emer-

gence of settled agriculture and a permanent farming system. The second section discusses the 

resultant human impacts and the underlying environmental factors. The chapter explores the 

human impact on the area, and provides some indication of the vulnerability of the area to human 

impact.  
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4.1 History of Gunung Sewu Settlements 

4.1.1 Establishment and development of permanent farming system in Gunung 
Sewu 

According to Boedhihartono (anthropologist, Indonesian University, pers. com) there are two 

categories of people who live in this landscape: people who have inhabited a karst area for gen-

erations and those who are relatively new to the area. These are often termed “refugees”. Boedi-

hartono also adds that there are differences between those people who inhabit lowland areas and 

those who inhabit the hillsides or uplands. He concludes that the current inhabitants of Gunung 

Sewu were refugees pushed off the fertile lowland wet rice areas and on to the more marginal 

upland areas of Gunung Sewu because of reasons such as population pressure.  

The history of permanent settlement in Gunung Sewu dates back to the indigenous Hindu king-

dom called Mataram, established in Java during the 8th-9th centuries. Today this is the area of 

Yogyakarta, including the present Wonosari, the capital of Gunungkidul (Whitten et al., 1996). 

The early occupation of this area is supported by pollen records indicating the arrival of people 

on the plains prior to the 10th century (Whitten et al., 1996). The Mataram area was a very fertile 

agriculture region in the hinterland of Java. Like most indigenous kingdoms in the region, it was 

established near a big river1 (Ricklefs, 1998), and the power base was associated with the cultiva-

tion of taxable crops2.  

Historically, Gunungkidul was an attractive place to live, because it had both fertile land and 

caves available for meditation. From the geological and soil conditions of the area (Chapter 3), 

the most fertile lands were around the Wonosari Basin3. This is supported by the fact that a 

village called Giring in the Wonosari area is mentioned as being associated with the establish-

ment of the Mataram dynasty (Nibbering, 1991a). Furthermore, caves are accepted to have a 

special role in Javanese beliefs as places for worship and meditation4 especially for the so-called 

wise people, who were attached to the royal households. Although there are no records of perma-

nent human settlement during this time, Nibbering (1991a) suggested that Gunungkidul may have 

been sparsely inhabited. However, the main migration into Gunungkidul seems to have started in 

the 1500s and continued into the 1800s.  

Gunungkidul is mentioned in Javanese chronicles of events that took place from the 16th to 19th 

century, although most of the early chronicles highlight the role of the Gunungkidul people in 

                                                 
1 Rivers were very important means of transport as overland transport was not developed until 17th century (Whitten et al., 1996). 
2 Linschoten (1974) describe Java as an “island aboundeth with rice”.   Basically this shows that Java was indeed a great wealth of 

fertile land and carrying capacity was not a problem then. 
3 Excavation around Gunungbang area in Wonosari Basin, in 1998-1999, revealed that the area was the habitat of an agrarian 

community, based on the finding of certain religious artifacts that are characteristic of agrarian communities (Nugroho, 2002). 
4 Cave meditation originated from Buddha and Hindu teachings. 
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rebellions associated with agrarian unrest against the Dutch colonial government, rather than the 

biophysical conditions of the area. Recurrent episodes of unrest, which often resulted in violent 

clashes against the colonial authorities (Kartodirdjo, 1978), occurred during the 17th to 19th centu-

ries, and mark the rural history of Java (Ricklefs, 1998).  

Life in Gunungkidul up to the end of 1800 centred on the Wonosari Plains, and there is no men-

tion of permanent settlement on Gunung Sewu before 1800. However, after a period of popula-

tion growth up to 1800, general conditions in Yogyakarta deteriorated (Ricklefts, 1974).  

The only natural resources available were edible birds’ nests, which are highly prized5. Much 

labour was needed to harvest the nests and generate income during the war with the Dutch. The 

nests are located on the high roofs of the coastal caves and their collection demanded great skill. 

An 1812 map by Raffles (1965) shows two settlements along the southern coast, Rankob and 

Japitu (Figure 4.1). It seems probable that Rankob became the Village of Ngungap and Japitu 

became the Village of Jepitu. Both are currently well known for their bird nest sites and are part 

of the present day Sub-district of Rongkop.  

Historical records make no mention of population pressure or the need for more land up to 1812. 

It can be assumed that the origin of settlements in Gunung Sewu were based on the collection of 

bird nests. This suggests that Rongkop is the oldest settlement in Gunung Sewu, reflected in the 

early infrastructural development in the Sub-district compared with other Sub-districts of Gunung 

Sewu (Nibbering, 1991a). This corresponds well with the views of Harry Allen (archaeologist, 

Auckland University: pers. comm.) who suggests that settlement on Gunung Sewu dates back 

around 200 years.  

Collection of bird nests could not generate sufficient revenue, and it is thought that the govern-

ment must have turned to other resources in the area. At this time, the only available resource that 

seems to have been abundant and highly valued was teak6. The extensive teak plantations caused 

the rise of a monopoly on teak in 1812 (Carey, 1992) from Gunungkidul forest in 1812 replacing 

and all the previous private forest exploitations (Peluso, 1992) that had previously existed (Pe-

luso, 1992). Since teak grows best on limestone soils, most of the teak was probably logged from 

Gunung Sewu, mainly from the western part of the area which had the most widespread teak 

plantations (Figure 4.2). Only the government had sole authority over land, trees and forest 

labours, and villagers were only allowed to collect deadwood and non-timber forest products.  

                                                 
5 Swiftlets’ nests are an export commodity.  The present day price can reached up to US$950-$2350 per kg. 
6 Its widespread distribution around Gunungkidul seems to be related to religious and economic factors. The early Hindu monks 

brought teak in around the 14th century, with seed from India (Centeno, 1997; Whitten et al., 1996; Behaghel, 1992).  Mataram, 
which ruled Gunungkidul, was a Hindu kingdom.  The environmental conditions of Gunung Sewu support the growth of teak, such 
as calcium-rich soil, an annual temperature between 22 – 27°C, located between sea level and 700 m altitude,with an annual pre-
cipitation between 1500-2500mm and a marked dry season of 3-5 months with maximum of 50mm of rain (Centeno, 1997; 
Whitten et al., 1996).  Teak establishes best as pure stands, because it needs aeration as well as light and nutrients. 
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Source: Raffles (1965) 

Figure 4.1 An 1812 Map of Gunungkidul  

Due to the increasing pressure on resources, some locals were driven away from Wonosari to-

wards western part of Gunungkidul, i.e. West Gunung Sewu (Ricklefs, 1993). There was a large 

river in this area, the Oyo River, (Figure 2.3), which probably supplied the water requirement for 

the population. It is unlikely that permanent farming system existed, given that the Gunungkidul 

was a base for rebels who repeatedly disrupted settlement. Consequently, shifting cultivation 

probably dominated (Nibbering, 1991a). Fires were an inherent technology used in shifting 

cultivation and the maintenance of this system implies that land was still available. At the same 

time, teak was still present in abundance as the adult trees are fire-resistant (Whitten et al., 1996).  

Where migrants started to open up the remaining forest and establish permanent farming systems, 

serious deforestation occurred. As Goudie (1994) notes, settled farming activities followed the 
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establishment of permanent settlements. The establishment of permanent settlement is evident in 

the emergence of villages in the Panggang Sub-district (the most western district of Gunung 

Sewu), which appeared on an 1847 map (in Nibbering, 1991a). Apart from moving west, other 

peasants managed to escape to the jungle (Ricklefs, 1993), probably to the area of Central and 

East Gunung Sewu. There are no surface rivers in the area and people had to rely on the already 

seriously-degraded forest for wood and fodder (Nibbering, 1991a).  

 

N 

Source: De Stuers (in Nibbering, 1991a) 

Figure 4.2 Extensive Teak Plantation in Gunungkidul 

 

4.1.2  Development of Gunung Sewu settlements 

Major changes had taken place during the Cultivation System period (1830-1870) when forest 

lands were converted to agriculture and plantations, requiring in turn that farmers grow cash 

crops. Gunung Sewu was planted with indigo, tobacco, and later with sugarcane, but Europeans, 

especially the Dutch, partly cleared the hills and planted coffee, although the crop did not thrive 

(Nibbering, 1991b).  

After 1929, the agricultural system provided little opportunity to generate cash when, as a conse-

quence of agricultural reforms and deteriorating economic situation, most earnings had to be used 

to pay taxes (Soemardjan, 1962). Descriptions of the situation in these years by Soemardjan 

(1962) and Dingemans (1926) verify that agriculture was strongly subsistence-oriented. As a 
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result, in the mid-20th century, poverty, famine, serious erosion and treeless landscapes convey an 

accurate picture of the condition of the Gunung Sewu (Dames, 1955).  

The area under wet ricefield at that time had hardly increased (Soemardjan, 1962) showing how 

scarce water must have been from the start. Cassava had become an important staple to feed the 

growing population. Although cassava was thought to be deficient in protein, its consumption 

continued to increase, so that by late 1930s almost twice the amount was consumed as in 1913. 

Its availability fell back by 1958–1962 (Booth, 1988) due to poor rainfall years and between 1960 

and 1965, when agricultural conditions had substantially deteriorated. A succession of dry years 

led a shift from rice to a much greater reliance on alternative food crops, especially cassava and 

maize, which could be grown on non-irrigated land. The fact that large parts of the cassava fields 

often remained unharvested for two or more years indicates that food was not in short supply. 

Soemardjan (1962) concluded that during this time, Gunung Sewu farmers were on average still 

slightly more capable of feeding themselves than rice growing farmers in the lowlands at least in 

normal years7. On the other hand, unlike the lowlands, there were no alternative off-farm sources 

of income in the area (Soemardjan, 1962).  

Although the more intensive cropping of dry land mitigated the impact of declining rice produc-

tion, it accelerated soil erosion and land degradation in the uplands (Booth, 1988). Although 

cassava is tolerant of less fertile soil, due to lack of cover during its primary growth and the 

movement of soil when harvested (the tuber grows inside the soil), its cultivation accelerates 

erosion (Falcon et al., 1984).  

Description of the events leading to the establishment and development of permanent settlements 

in Gunung Sewu are summarised in Table 4.1 and a simplified picture is presented in Figure 4.3 

to illustrate the cultural transformation of the Gunung Sewu landscape from initially sparse 

occupation in early 19th century to high density settlement.  

Table 4.1 Summaries of Historical Events Resulting in the Establishment of Permanent 
Settlement in Gunung Sewu 

Year Event Results 
8th–9th C The 1st Mataram kingdom was built 

around the fertile plains in Java which 
include Wonosari1. 

Focal point of royal authority in Java2,3. 

10th C Findings of two inscriptions in Ngawen 
(north Gunungkidul)(Barrett Jones in 4) . 

Supporting indication of an early occupation 
during the earlier centuries. 

— Period with no evidence — 
1575 Finding of buried Mataram Kingdom1.  

                                                 
7 This was again reflected during the economic crisis in Indonesia in 1999 when prices went up drastically.  Although Gunung Sewu 

farmers experienced a rise in the cost of everyday necessities were able to rely on cassava food crops, whereas on non-cassava 
land, farmers faced difficulties due to the drastic rise in the price of rice. 
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Year Event Results 
1578 Re-establishment of Mataram Kingdom1. Centre of politics in Central Java. 
1614 Expansion of Mataram1. Covers most of Central and East Java1. 
1650 Presence of vast virgin forest and pres-

ence of surface river for irrigation 
purposes3. 

Plentiful game and rich conditions for rice cultiva-
tion3. 

1722 Nest harvesting was monopolised by 
Yogya Residents5. 

Nests were stored in the attic of the Yogya 
Residency House5. 

1750-1760 The monarch was experiencing financial 
problems2. 
Intervention by VOC6. 

The right to bird nest to boost income2. 

1755 Signing of the Treaty of Giyanti6,7. Partition of Mataram where Gunungkidul was 
divided and jointly held by Yogya and Sura-
karta6,7. 

1757 The prince of Yogya was able to conquer 
the whole of Gunungkidul4. 

The whole Gunungkidul became part of Yogya 
with total area of 7.5 jung 4. 

Up to 
1800 

Steady demographic growth8. Rapid new rice fields as well as extension of 
irrigation8. 

1808 Exploitation of Java’s teak forests9. Government’s monopoly on teak9. 
1810 Increasing pressure for revenue causing 

outmigration7. 
Total number of taxable households decreased to 
714 (Louw in 7). 

1812 Exploitation of Gunungkidul teaks5. 
Raffles produced a map which shows the 
location of two settlements belong to the 
present day Rongkop Sub-district, i.e. 
Rongkop and Jepitu10. 

 

1820-1825 Agrarian unrest6. 
Unknown epidemic which killed one 
third of the population6. 
High level of taxation, labour demands, 
corruption4. 

Times of death and high rice prices6. 
Great demand for cattle and food by the soldiers, 
heavy labour services for defence and transport of 
goods. 
A great need for land in the south6. 

Depopulation in Gunungkidul(Houben in 7) . 
1832 Establishment of “Cultuurstelsel” or 

Cultivation System9. 
Farmers forced to clear more land grow export 
crops1,12. 

1836 Visited by botanist-geologist Junghuhn7. Limited human impacts on the area and extensive 
forest7. 

1845-1867 No infrastructural works which were 
visible in other regencies. 
Spread and expansion of leaseholdings 
through cultivation system causing 
increase burden of duties and taxes 
imposed upon lowland areas. 

Gunungkidul continued to be an inaccessible area. 
 
Decline of lowland population and a large increase 
in the more peripheral areas. 
 

1850s Promotion of forest land conversion to 
agricultural plantation7. 

Large-scale plantation activity7. 
 

1860 Great need of wood in the lowlands for 
fencing, construction of warehouses and 
carts as fuel for processing crop. 

Pressure on Gunungkidul forest resulting in 
deforestation and conversion to dryland farming1. 

1870-1879 Abolishment of cultivation system13. 
Rights to cultivate land (Corporate 
Plantation System)1. 

Right to a long term lease of uplands to private 
companies for cultivation of export crops causing 
explosion of population due to labour demands1. 
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Year Event Results 
1900 Wonosari Plains had become densely 

populated. Land scarcities in lowlands7.  
People compelled to move into less fertile but 
sparsely populated areas, i.e Gunung Sewu. 
Part of teak forest has disappeared and been 
replaced by grass in shrubby vegetation14.  
Increase expenditures on irrigation8 and cultivation 
of rice, maize, sorghum and tobacco on dry 
fields(Danes in 7). 

1904 Abolishment of labour duties and teak 
fellings as well as collection of edible 
nests7. 

Abolishment of apanage system. 

1915-1965 Agrarian Reform – management of the 
remaining teak forests was taken over by 
the colonial forest service (Bellers in 7). 

Population was given inheritable rights to cultiva-
tion which provide the population with larger 
share of produce. 

1942 Japanese attempted to control Java 
economy where they forced felling of all 
teaks and replaced them with cotton15. 

Great distress for large part of population. There 
was great shortage of food, clothing and other 
commodities with some people literally starving to 
death. There was also shortage of labour15. 

Towards 
end of 
1942 

Deteriorating economic situation where 
agriculture system provide little opportu-
nity to earn cash. 

Population was hard pressed to meet its tax 
obligations. During this time cassava became an 
important staple in the area where average land-
holdings is 3 ha16. 

1944 Overcutting of forest and conversion into 
agricultural land. 

Teak regarded as a scarce commodity16. 

1946-1950 Institutional reform8. Decreased the burden on rural population16. 
1951 The right to cultivate land was converted 

into the right to own land16. 
Average landholdings became smaller16. 

1956-1958 Decreased compulsory duties16. 
Produce form farmland was not enough 
to supply daily food 7. 

Greater reliance on non-rice food crops8,16. 
Serious famine16. 

1963 Rats and drought7. Many people leave the area, many join transmigra-
tion program7. 

1970s Improvement of infrastructure, as well as 
family planning program. 

Improved transportation, decreased birth rates and 
rise in rice yields7. 

Sources: 
 1 – Whitten et al. (1996) ; 2 – Ricklefts (1974); 3 – Ricklefts (1993); 4 – Margana (1995);5 – Carey (1992); 6 – Carey 
(1981); 7 – Nibbering (1991a); 8 – Booth (1988); 9 – Peluso (1992); 10 – Raffles (1817); 11 – Elton (1978); 12 – Geertz 
(1965); 13 – White (1988); 14 – Veth (1903); 15 – Sato (1994) ;  16 – Soemardjan (1962) 
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Figure 4.3 Movement of People to Gunung Sewu in the 19th Century 
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4.2 Vulnerabilities of Gunung Sewu Karst to Human Impacts 

The cultivation of plants is the most significant driver in changing the natural environment into a 

cultural landscape (Emanuelsson, 1988). The decreasing carrying capacity of the land reflects the 

increasing human impact on the availability of Gunung Sewu resources, and explains  adverse envi-

ronmental changes. These changes were greatly advanced by the geological fragility of the karst 

environment. However, the environmental risk of opening up forest in karst land is even higher as the 

soil cover is relatively thin and easily eroded due to loss of support by roots. Some environmental 

problems associated with the rock’s porosity include: limited biodiversity, soil erosion, drought, 

flood, rocky desertification and inappropriate land use (Yuan, 1997) resulting in land and ecosystem 

degradation that led to the impoverishment of local residents (Yuan, 1997; Williams, 1993). Wil-

liams (1993) has classified these impacts further (Figure 4.4): 

       Adjacent Non-Karst       Karst 
      Terrain                Terrain 
 

Deforestation    Loss of biota                Impoverished ecology 
 

Reduced evapotranspiration 
 

Agriculture  Increased runoff and erosion          Soil degradation and erosion 
 

Increased sediment discharge              Sedimentation of caves 
 

Urbanisation  
and industry 
        Acid rain 

         Water quality deterioration 
Quarrying         Waste water discharge                         ECOSYSTEM  
and mining                    DEGRADATION 
 
  Tourism             Rock and mineral removal               Landform destruction 
and recreation 

            Chemical wastes 
Military activities 

 Wear and tear 
Water exploitation 

   Reduced allogenic recharge 
-dams (upstream)                    Soil collapse 
 
-groundwater               Spring desiccation 
pumping          Water table lowering  

   Sea water intrusion   
-dams           
(downstream)                Inundation     Drowned karst system 
      

Source:  Williams (1993) 

Figure 4.4 Human Activities, Their Effects and Impacts on Karst Terrains 
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In Gunung Sewu, the problem of over-population led to the extension of farmland by forest clearing 

for shelter and fuelwood. The result is apparent on four key resources: vegetation, soil, water and 

land, as elucidated below. The environmental impacts that occurred were inevitable for the survival 

of a population lacking technology in an already fragile area. These points are discussed more thor-

oughly to give a clearer picture of the extent of the human impact on Gunung Sewu and to permit a 

more accurate assessment of the strengths area’s resilience, thus allowing a better understanding of 

the potential and constraints on the effective management of the area.  

4.2.1 Loss of biodiversity 

Fauna diversity 

Gunungkidul had a rich fauna long before to the establishment of settled agriculture. This is con-

firmed by excavations carried out in April 2002 in three caves between Ponjong (Bentar and Blen-

drong Caves) and Wonogiri (Central Java). Thousands of bone fragments, hundreds of teeth, tens of 

animal claws and several horns were found and identified as belonging to elephant, banteng (Bos 

javanicus), deer, wild boar, monkey, porcupine and tiger8 (Sonjaya, 2002). Previous excavations in 

1998-19999 in Karangmojo Sub-district (Wonosari Basin) and in 2001 in Sengok and Agung Caves, 

had also discovered hippopotamus fossils (Nugroho, 2002).  

Although the date of these remains has still not been determined, they do confirm Dames’s view 

(1955) that Gunungkidul was once covered by a mixed evergreen rainforest. This indicates that in the 

past drought was not a significant threat.   

Fire was possibly used to burn areas to stimulate the growth of grasses to supply habitat for animals 

such as deer. These were popular prey for Javanese hunters, as they are also a symbol of aristocracy. 

Banteng (Bos javanicus) was also a royal hunting quarry (Hoogerwerf, 1970) and wild boar was 

probably a common game animal during the ruling of Mataram, although its killing diminished with 

the arrival of a pre-Islamic bias (Dove, 1985). Although banteng and wild boar prefer forest, they 

were also found in grassland areas, while deer prefer open grasslands. The animal populations at the 

time were probably controlled by the larger predators such as tigers and their numbers constrained by 

the diminishing habitat due to deforestation.  

                                                 
8 The excavation in Song Bentar was also accompanied by the findings of many arrowheads, which is typical of a hunters’ community, 

suggesting that animal gatherers’ community in the. 
9 Unlike the previous excavation, this excavation also revealed the finding of several human sites with religious artifacts belonging to an 

agrarian community, suggesting the people were agricultural-based. 
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Forest clearing led to a loss of habitat for wildlife. Loss of forest cover resulted in a lack of sanctuary 

for animals and limited their food supply. This prevented the survival of large animals. Only birds, 

monkeys and snakes (except those belonging to cave fauna) constitute the present animals now 

recorded either in Gunungkidul or in Gunung Sewu. Big mammals are no longer seen, although 

tigers were seen until the late nineteenth century. Indeed, Nibbering (1991a) believes that tigers still 

live in the higher caves. Some respondents, especially those living near caves, confirm this view, 

although it may be a mystical belief as Javanese tigers are officially considered extinct (Thohari, 

1988; Seidensticker, 1987). 

Flora diversity 

Only individual trees and small patches of the original forest can be found in the present Gunung 

Sewu.  The latter patches are concentrated on the western part of Gunungkidul, in the Sub-district of 

Panggang (Nibbering, 1991a). The preservation of small patches of forest is possible due to cultural 

beliefs. These sacred places are now used as holy graves for the souls of the royal authorities. The 

preservation of these forested areas was also related to the harshness of the southern sea (a view still 

held today), which offers few safe anchorages. This discouraged the felling of forests on the coast. 

Other forested areas outside Gunung Sewu were also preserved, encouraged by the fact that forests 

were regarded as dangerous places full of spirits that could only be overcome by good spirits repre-

sented by the kings themselves (Dove, 1985). However, probably during the Mataram’s second 

ruling, the forests were opened to expand settlements and to permit the kingdom’s requirement “to 

create cleared, cultivated, safe, useful and uncontrollable space from chaotic, wild and fearful for-

ests” (Babad Tanah Djawi, 1976). 

One of the original vegetation species in Gunung Sewu is probably the fig (Ficus spp) as these trees 

are also found in areas that have remnants of the original forest. Jughuhn’s drawing (Figure 4.5a) 

showed the presence of a fig tree, which is large and probably very old. Large fig trees (Ficus spp) 

are still found standing in isolation, dotting the rural landscape of today’s Gunung Sewu, left stand-

ing because of their cultural values. According to Javanese beliefs, fig trees are the dwelling places 

of spirits. According to Boomgaard (1992), fig trees are often sacred because, based on the Hindu 

mythology, they are believed to be the incarnations of Gods. This belief dates back to when Gunung-

kidul was part of a very large Hindu kingdom. Even today, the protection of these trees continues as 

they are still regarded as sacred, and thus the wilful cutting of such a tree is unthinkable although it 

has no economical value.  
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In one such place visited during field research in Panggang Sub-district, large fig trees were found 

with abundant lianas and epiphytes, litter and humus covering the floor. These are characteristics of a 

rainforest. Nibbering (1991a), in another area within the same sub-district observed mature species 

typical of a rain forest, such as: wuni (Antidesma bunius), benda (Artocarpus elastica), gitungan 

(Bischofia javanica), landakan (Bridelia minutiflora), popohan (Buchania arborescens), waringin 

(Ficus benjamina), ilat-ilat (Ficus callosa), Ficus glabella, gondang (Ficus variegata), bibisan 

(Maba buxifolia) all with buttressed stems (plank root / aerial root). Artocarpus elastica is a common 

lowland forest plant, while Ficus benjamina is an evergreen fig (Whitten et al., 1996), again suggest-

ing that the original vegetation was a mixed evergreen rainforest. If an evergreen rainforest had been 

present, then the climate in Gunung Sewu must have been less harsh than at present (Whitten et al., 

1996).  

However, in the southeast part of Gunungkidul which experiences several dry months, deciduous 

forest seems more likely to have been the natural forest cover. According to Whitten et al. (1996) 

deciduous forests on Java occur where there are four or more dry months, during which the soils dry 

out and evaporation exceeds precipitation. This is the case for Gunung Sewu. Furthermore, remains 

of forest on limestone in Java are mostly found in areas with deciduous forest (Whitten et al., 1996). 

This differs from the conclusions reached by Jughuhn (evergreen forest) and Whitten et al (decidu-

ous forest) which may refer to the same character of vegetation but in different areas, as trees that are 

evergreen in the west are deciduous in the east. 

 

101 



 Chapter 4 

 
(a) 

 
(b) 

Source: Drawings by Jughuhn (1850) 

Figure 4.5 Gunung Sewu in the Past:  (a) Nests Harvesting at Rongkop,  
(b) Between Semanu and Bedoyo Village 
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4.2.2 Deforestation 

Conversion of hilltops for cultivation 

Jughuhn’s drawings (Figure 4.5), show that the primary limestone hills of Gunung Sewu have long 

been deforested.  Jughuhn (1850) who visited Gunung Sewu during the period from 1830 to 1845 

noted that the southern and southeastern parts of the area were still covered by open secondary forest 

dominated by sengon (Albizzia spp) and waru (Albizzia procera) and in the western parts, mainly 

teak (Tectona grandis), with alang-alang (Imperata cylindrica) and gelagah (type of grass) among 

the trees. In the 1840s, Veth observed that near Bedoyo Village in Rongkop Sub-district, all of the 

following vegetation types were present: Corypha gebanga, aren (Arenga pinnata), alang-alang 

(Imperate cylindrica), rumput gelagah (grass type), bungur, sempur, rumput manyar (grass type), 

Emblica officinalis, Acacia auriculiformis, Cycas circinalis, Licuala spectabilis, Pandanaceae, 

Convulus thalassicus and Ficus gibbosa. Some of these plants can still be found around Rongkop 

Sub-district today.   

There is a clear difference between the two locations. The location of Figure 4.5a is inland and away 

from the coast. As can be seen, the forest on the inland hilltops was cleared and only patches of trees 

left standing. The cleared hilltops between Semanu and Bedoyo show evidence of deforestation up to 

the top of the hills and these must have been cleared for conversion to crop plantation, since these 

villages are located closer to the Wonosari area. Areas near the coast of Rongkop, showed dense 

vegetation covering the hills suggesting that in 1850 the karst cones were still forested, though the 

low-lying areas had been converted to cultivation.  

Although the coast offered easy access, the southern coast offered few safe anchorages and this 

probably explains why the hilltop forests retained their forest cover. Another reason might be be-

cause the residents near the coast had an alternative source of income from swiftlet nest collection.  

Thus they only cultivated the low-lying areas, whereas inland, the inhabitants had no alternative but 

to cultivate every possible inch of land. Early in the 1960s, a small scattering of forest remnants was 

still to be found near the coast of Rongkop and on the western side of Gunung Sewu (Nibbering, 

1991a). This is evident on the land use map for 1969 (Figure 4.6).  

Junghuhn’s observations on the condition of Gunungkidul led him to believe that the human impact 

was still low (Nibbering, 1991a), and the figures of the 1838 Statistics of Yogyakarta Residencies 

suggest Gunungkidul and Gunung Sewu were both cultivated only sporadically and in small patches 

(Nibbering, 1991a). However, Jughuhn also noticed luxuriantly growing groves typical of a tropical 

savanna, which Nibbering (1991a) interpreted as having developed under regimes of man-made fire. 
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This meant that the area was already experiencing human impact before it was brought to permanent 

cultivation. Fire was also used to burn areas under established shifting cultivation.  

 

 
Source : Khan (1963) 

Figure 4.6 Land Use Map of Gunungkidul in 1969 

The extent of human impact cannot be judged solely by population density, or the distribution or 

extent of standing forest. It must also take into account the effect of physical processes associated 

with fire. The impact of fire on soil fertility is significant as it open up forest, which in turn exposes 

the soil. When cleared land reaches the hilltops, leaching of nutrient occurs more rapidly, and soil 

fertility declines rapidly. Thus, despite Jughuhn and Nibbering’s conclusions, the human impact must 

have been more substantial that it appeared. Meanwhile, economic activity in the coastal forests 

focused on the collection of bird nests. In this sense, the human impacts referred to by Nibbering 

(1991a) must have had an impact more in terms of hunting/gathering or “agriculture”.  
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About two decades later, Danes (in Nibbering, 1991b) observed that nearly all valley floors in 

Gunungkidul were cultivated (Figure 4.7), and that more land was needed for food because hillsides 

were starting to be cultivated although more land were still available near the coast. Finally, by the 

1930s, valley floors were under permanent cultivation and the slopes were alternately cultivated and 

fallowed. In the late 1930s, the southeastern part of Gunung Sewu had relatively more trees consist-

ing of non-teak forest (Instituut voor Volksvoeding in Nibbering, 1991a), most of which were cut in 

the 1940s and 1950s due to the economic stress experienced at that time (Nibbering, 1991a). The 

process of conversion of hilltops into cultivation is summarised in Figure 4.7. 

 
(a) Original vegetation: mixed evergreen-monsoon forest (ca. 1500?); (b) Woodland-savannah vegetation (ca.1835); 

(c) Intensifying agriculture; (d) Deforested and degraded land (ca. 1960); (e) Fields planted with regularly pruned 
trees (ca. 1990); (f) Fewer trees on hillsides (ca 1998) 

Source: (a - d) Dames, Jughuhn, Veth, Danes (in Nibbering, 1991a), (e) Nibbering (1991a), (f) field observation (1998) 

Figure 4.7 Hilltop Deforestation Process 

 
Deforestation of teak forest 

As mentioned earlier in this chapter, teak replaced the natural vegetation of Gunung Sewu, but as 

with the natural vegetation, teak plantation also underwent intensive deforestation during the Japa-

nese occupation. In 1942, the Japanese attempted to control the economy of Java. At the beginning of 
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the occupation, plenty of dry teak was available in Gunung Sewu. As teak takes 80 years to grow to 

the optimum size for felling and grows best where there are four to seven dry months, and between 

sea level and 700m altitude (Whitten et al., 1996), this no doubt meant that the teak forest in Gunung 

Sewu must have been of high quality. The area had not been settled for long and had been protected 

from extensive logging by systematic planting by the Dutch which allowed the growth of mature 

trees that produced big logs.  

The Japanese occupation caused great distress for large parts of the population. The occupants requi-

sitioned rice, cassava, cattle and manpower from all over Yogyakarta. There was a great shortage of 

food (with some people starved to death), and clothing, and other commodities were scarce. As Sato 

(1994) notes, textiles became extremely difficult to obtain after 1943 (Sato, 1994). Field interviews 

with elderly farmers highlight the great stress generated during the Japanese occupation, although it 

lasted only a short time (1942-1945). That generation of farmers stated that, “Lewih sekeco jaman 

londo ketimbang jaman jepang. Jaman jepang meniko angel pados kangge nedi. Kedah nanem 

kapas. Beras mniko kagem daharan jepang” (“the farmers were forced to fell all the teak and grow 

cotton instead, while rice were grown to feed the Japanese military”). Due to the unsuitable climate, 

cotton production failed miserably, and there was a serious shortage of looms (Sato, 1994).  

During the war, marine and mining transportation were vital assets. Teak was needed for the hulls of 

boats and as fuel for steam locomotives. Before the war, locomotives in Java were fuelled with teak 

in flat areas and with coal in sloping areas. Nevertheless, Sato (1994) said that none of the original 

planners had any experience in mining, thus the locomotives had to rely on teak. In the pre-war 

years, between 6,000 and 6,500 hectares of teak were logged per annum (Sato, 1994). The railways 

annually consumed 300,000 tonnes of teak. About 450,000 tonnes of teak were required between 

July and December 1942 and staff were dispatched to Central and East Java to secure teak (Sato, 

1994) probably to Gunung Sewu and Pacitan since those are limestone areas providing good habitat 

for teak.  

Demand for teak in 1943 increased to 950,000m3, and to 1,380,000m3 in 1944; of this 180,000m3 

was imported from Borneo. This highlights the fact that teak had become scarce in Java. Although 

reforestation intensified, the growth rate could not match the rate of logging. The Japanese soon 

exhausted teak, and in early 1944 they had to resort to other timbers (Sato, 1994).  

Overall, the deforestation process in Gunung Sewu can be summarised on the feed-back diagram 

(Figure 4.8). 
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Figure 4.8 Causes and Effects Mechanism of Deforestation Process in Gunung Sewu 

 
The presence of trees on hilltops in Jughuhn’s drawings, whether as forests or as solitary trees with 

grasslands between them, indicates that agricultural activities were still confined to valley bottoms 

and that cultivable land was still available. Population pressure was not yet a major issue. These 

conditions changed in the next decade as shown on land use maps for the three years 1969, 1989 and 

1995 (Figures 4.9-4.11). These show how the forest cover that still existed in 1969 along the southern 

coast and in the western part of Tepus Sub-district, disappeared and was replaced by settlements 

(Figures 4.10 and 4.11).  

Even though forest is not shown on the 1995 map (Figure 4.11), field observation revealed some 

small remnants of forest as well as some small teak plantations and solitarily trees (too small to be 

captured on the map). Furthermore, although the available maps did not show the presence of settle-

ments along the southern coast, field visits confirmed their presence (Figure 3.13).  
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Source: Land use Map, Scale 1:50,000 (1969) National Land Agency (BPN) 

Figure 4.9 Land Use Map of the Study Area (1969) 
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Source: Land use Map, Scale 1:50,000 (1989) National Land Agency (BPN) 

Figure 4.10 Land Use Map of the Study Area (1989) 
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Source: Land use Map, Scale 1:50,000 (1995) National Land Agency (BPN) 

Figure 4.11 Land Use Map of the Study Area (1995) 
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4.2.3 Rocky desertification 

Lack of vegetation due to years of deforestation promotes soil loss. Based on his analysis of the soils 

of Gunung Sewu, Dames (1955) described the area as severely eroded. This led him to term Gunung 

Sewu as “the most degraded and poorest limestone hills in Indonesia” (p.79). 

The soil nutrient composition within the study area is made up of Nitrogen (N), Phosphorus (P), 

Calcium (Ca), Magnesium (Mg) and Potassium (K) (Table 3.2).  

Most of the studied areas have soil depths between 30 and 60 cm. Those near the coast have less than 

30 cm, while those with more than 90 cm are found in the western part of Ponjong, which includes 

Genjahan village. Soil depth is important as it determines the total volume of soil in which water can 

be stored for plant use. The thickness of soil determines the type of plants that can be cultivated as 

portrayed by the landscape of Genjahan Village (Figure 3.11b) and Karangwuni Village (Figure 

3.12a). 

Unfortunately, the geomorphology of the steep hills (Table 3.3) encourages soil erosion. Whenever 

rain falls on sloping land at a rate that exceeds its infiltration capacity, runoff occurs. The runoff 

carries with it soil materials and these accumulate as deposits on the valley bottoms. As a result, 

these constitute the richest agriculture areas (Figure 3.12b). 

Hillsides have very shallow soils and so are uneconomic for cash crops, as the cash crop farmers 

need to use so much expensive inorganic fertiliser. Therefore the farmers concentrate their cash crop 

planting on the valley bottoms. However, lack of productive land and increasing demand for food has 

obliged farmers to start growing cassava and even maize on the steeper slopes, making use of soils in 

fissures between the rocks. As a result, rocky outcrops on the hillsides have increased due to erosion, 

giving rise to rocky desertification (Figure 4.12). This specific kind of desertification is happening all 

over the world, including in China (Yuan, 1997) and in the Yucatan, where the Mayans practised 

slash-and-burn (milpa) farming. There was such a loss of soil in the Yucatan Peninsula that it has 

been transformed into a karst desert (White, 1988). This severe form of land degradation has also 

occurred widely in the Mediterranean basin including southern France, Italy and the Dinaric Region 

(Gams et al., 1993). This area has had the longest period of intensive human impacts of any karst 

terrain.   

Yuan (1997, 1993) observed that in the bare karst of Guizhou Province in China, this in turn has 

resulted in increased annual floods, which have further reduced regeneration of trees and led to the 

progressive impoverishment of the local residents. In Gunung Sewu, rocky desertification has oc-
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curred in parts of Rongkop and Tepus Sub-districts (Figure 1.3), as a result of years of serious ero-

sion. This emphasises the vulnerability of karst to soil depletion in the wake of deforestation.  
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Figure 4.12 Process of Rocky Desertification 

Soil erosion is a serious concern in Gunung Sewu, not just because of the loss of the already shallow 

soil, but also because of the associated loss of soil-forming and soil-binding organisms. As a result, 

having insufficient productive land and having cultivated all the valley bottoms, the farmers have 

expanded their activities slowly up the hills and have developed terraces to prevent further loss of 

soil. However the potential for bench terraces to produce large amounts of sediment, has not been 

sufficiently taken into account. According to Whitten et al. (1996), terracing in Gunungkidul is 

deeper than the depth of subsurface flow. As result water runs out and down to the terrace below, 

with the result that 90% of the rainfall becomes runoff causing serious erosion. Results from Pur-

wanto (1999) in a non-karst watershed in West Java, suggest that bench terraces can indeed produce 

substantial quantities of sediment. Critchley and Bruijnzeel (in Van Dijk, 2002) drew similar conclu-

sions for karst watersheds using measurements from bench terraces in Gunungkidul.  

4.2.4 Water quality deterioration 

As there are fast water connections from the surface to groundwater with little protection against 

contaminants, a significant environmental problem associated with many karst areas is water pollu-

tion. Early warning of the problem is difficult, because many of the processes occur underground.  
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The conical hills are the most distinctive feature of karst. The geological situation as well as the 

amount of rainfall influences the amount of baseflow and the period of flow (Wiersum, 1979). This 

controls spatial variations in suspended yields. Geological control is related to lithology, level of 

tectonic activity and Quarternary history (Hicks et al., 1996). The subsurface rock texture and conti-

nuity of beds influences the direction and potential rate of water movement (Daniels and Hammer, 

1992), while the relief of the area determines the hydraulic head. In turn, hydraulic head permeability 

and distance to the outlet determine the rate of water movement. Therefore, for a given rainfall, the 

composition of the surface and subsurface rocks and the geomorphology of the area control the 

hydrology.  

Compared with karst areas where infiltration to groundwater is direct, surface river runoff in non-

karst flows directly to the sea, suggesting a distinction between surface water and groundwater. Input 

is from precipitation and the outputs are evapotranspiration and runoff. In non-karst, surface water is 

drained and directed by the local topography and even subsurface water flow is through the soil and 

close to the surface. The boundary flows of groundwater are largely independent of surface drainage 

basin boundaries (Heath, 1998). Thus the input and output of the water in non-karst areas can easily 

be known and the processes can be measured or estimated, i.e. in Indonesia, a non-karst area such as 

paddy fields irrigated by flowing river, has a definite boundary. Thus in non-karst areas, the hydro-

logical balance is not difficult to measure as long as the total area within the system is recognised 

(Soenarto and Samodra, 1999). 

In general, any protective soil cover in Gunung Sewu is thin or absent. As a result, heavy rainfall can 

exceed the soil’s purification capacity and allow leaching. Therefore, infiltration of the surface runoff 

may go directly into the underground channel system. Because most contaminant breakdowns or 

absorption occurs in the soil, the potential for ground water contamination is greater because con-

taminants are able to move quickly into the soil.  

Gunung Sewu karst is vulnerable to water quality degradation. As stated by Ford and Williams 

(1989), the natural attenuation of pollutants in karst aquifers is limited because of: (1) lack of avail-

able surface area for adsorption, ion exchange or colonisation by microorganism, (2) rapid infiltration 

of water and contaminants restricts the availability of highly volatile chemicals to evaporate, (3) thin 

soil cover and relatively large secondary voids allow for rapid transport of contaminants, (4) turbu-

lent flow enhances contaminant transport, and (5) lack of sufficient time for groundwater self purifi-

cation.  
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Water enters a karst watershed by both direct and indirect means. The recharge area of some karst 

drainage systems is much larger than the area of limestone outcrop, because of the contribution from 

adjacent non-karstic areas. As Figure 4.13 shows, there are two sources of water in karst, i.e. al-

logenic recharge where the water derives from the surrounding non-karstic rocks and autogenic 

recharge where the water derives from rain falling on the surface karst. The open system of karst 

together with its fragility allows karst areas to be easily polluted. According to Jennings (1985), 

springs with low variance in flow and chemistry are often fed solely by autogenic recharge. In con-

trast, springs with high variance in flow and chemistry are often associated with allogenic recharge. 

The problem of groundwater pollution can be worsened by pollutants which originate from outside 

the karst area threatening underground water quality.  

As karst groundwater usually resurfaces as springs, it carries contamination into streams and rivers 

that also may be used as water supplies. Moreover, as the throughput velocities of karst groundwater 

systems are rapid (White, 1988), there is little opportunity for natural cleansing processes such as 

denitrification or breakdown of organic material to take place (Urich, 1996). Therefore contaminants 

can be transmitted very quickly to wells and springs in the vicinity. Contaminants entering the 

groundwater system present a significant health threat, because many wells tap water-filled cavities 

that are directly connected to the surface. Contaminated drinking water is one of the most common 

environmental hazards in many countries. Lack of adequate sewerage facilities may lead to faecal 

contamination of groundwater and this in turn is associated with Hepatitis A (WHO, 2001). This type 

of water contamination has occured in Bohol karst (Urich, 1995) as well as in Gunung Sewu (BBLH 

& UGM, 1997; WHO, 2001). 

If sewage enters karst groundwater systems, it can seriously deplete the amount of oxygen in the 

water. Substantial volumes of water commonly move through the trash and create a liquid called 

landfill leachate, which contains large concentrations of heavy metals, chemicals and toxic materials 

as well as a tremendous demand for oxygen. When it mixes with clean groundwater, it often pro-

duces septic springs and wells, which kill aquatic life and cause noxious odours. Solid and liquid 

wastes produced by infrastructural development (settlement, tourism and the like) can easily pollute 

karst groundwater (Figure 4.13). Furthermore, agricultural activities may introduce nitrogen com-

pounds (NH3, NO3), as well as phosphorous, potassium, and pesticides into groundwater (Houzim et 

al. in Kacaroglu, 1999).  
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Figure 4.13 Factors Affecting Water Quality Deterioration through Point and Non-Point Sources 
in Gunung Sewu 

 
Water in the Gunung Sewu is used for domestic, agricultural and industrial purposes (Table 4.2). The 

greatest use is for drinking and food production. For basic household needs, water is supplied from 

rain and underground streams through rainwater tanks (PAH), karst ponds (telaga), karst springs and 

tapped water (PAM), where PAH and PAM have the most multiple usage. 

The use of pond water for washing clothes, animals, sometimes for trucks tires, as well as for bathing 

inevitably causes pond water quality to fall below the standard for domestic usage. Based on pond 
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water analysis by UGM (1993), the level of water clarity in all the sampled ponds is well below the 

standard required for domestic usage. According to Government Regulation No. 2/1990, the mini-

mum standard for the coliform bacteria in drinking water is 3 MPN/100ml. Based on total coliform 

bacteria, the ponds show results of between 4-9 MPN/100 ml, with the exception of Piji pond in 

Balong village, which has an extremely high coliform content of 1100 MPN/100 ml. These measures 

indicate the high use of pond water for household purposes. This in turn indicates that water is 

scarce.    

Table 4.2 Water Sources for Different Utilisation per Village 

District Village Bathing Drinking Washing Livestock Household 
Industries 

Irrigation 

Rongkop Karangwuni 
Jerukwudel 
Balong 

H, M, P 
H, M, P 

H, P, S, R 

H, M 
H, M 
H, M 

H, M, P 
H, M, P 

H, P, S, R 

P 
P 
P 

H, M 
H, M 
H, M 

N/A 
N/A 
N/A 

Tepus Kemadang 
Kemiri 
Hargosari 

H, M 
H, M, P 
H, M, P 

H, M 
H, M 
H, M 

H, M, P 
H, M, P 
H,M P 

P 
P 
P 

H, M 
H, M 
H, M 

N/A 
N/A 
N/A 

Ponjong Karangasem 
Ponjong 
Genjahan 

H 
W 
W 

H, C 
W 
W 

H, P 
S 
W 

C 
S 

N/A 

H, M 
M, S 
R, W 

N/A 
R, C 

R 
Source: Field interview  

Note: H= PAH;  M= PAM;  P= pond; S= spring; R = river; W = well; C= cave; N/A = not available 
 
 
High coliform bacteria counts may result from fecal pollution from human and animal waste. The 

collective sewerage system in the area has produced large amount of unclean water. Fecal pollution 

not only contaminates ponds but also affects the water quality of wells and springs. Dye traces have 

shown that septic tank effluent can travel through the thin soils into the aquifer and then to a spring 

within only a few hours (Crawford, 1979). Equally, percolating soil water can push effluent from 

septic tanks down into the aquifer resulting in high fecal coliform counts and high fecal coliform at 

some springs, especially following heavy rains.  

The degree of contamination depends on whether the karst aquifer receives primarily diffuse or 

concentrated recharge and the types of contamination involved (Günay in Kaçaroğlu, 1999). Springs 

and well water if supplied by distributed recharge through a thick regolith may be free of contami-

nants and therefore a good source of potable water, hence well water is generally clearer and, where 

wells can be dug, is used as widely as possible for drinking. However, well water and springs in 

Gunung Sewu also show the presence of contaminants. In the north, the streams run swiftly with a 

heavy load of soil, and flooding often occurs. If rains are delayed for a few weeks, well water be-
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comes a mixture of sediment and polluted waste. Consequently, people are prepared to pay to get 

tap-water supplied by the municipality.  

4.3 Productive Land Scarcity: A Consequence of the Vulnerability of Karst 
to Human Activities  

The farmers in Gunung Sewu work hard to make sure they have enough food. To a certain extent, 

subsistence needs and provisions govern production processes in Gunung Sewu. Anything that pulls 

labour away from the area results in decreased total production. Labour productivity in crop cultiva-

tion in Gunung Sewu is low, although labour is the least limited production factor compared to land 

and capital investment. Thus, the underlying principle of farming in Gunung Sewu is to increase the 

efficiency of land production per hectare.  

The farmers’ categories as explained in Chapter 2 (methodology) are not based on any total of land-

holding within Gunungkidul. Rather, they are categorised on the basis of their landholding within the 

hamlet concerned.  Therefore “small landholdings” refer to those who have small landholdings 

compared with others within the same hamlet as well as to refer to those who are “landless”.  

Most of the land is individually owned, except some worked by village government officials who, as 

part of their salary, are given free use of public land. This is often good land, and is called the “apan-

age land” or “tanah desa/bengkok”. At the end of their job, it must be returned to the government. 

The average size of the current landholdings (Figure 4.14) is so small that it hardly meets the need to 

feed a family.  This is especially the case for the category small landholding (young) most of whom 

own less than 0.6 ha.  Thus additional sources of income have to be tapped to allow the farmer to 

keep himself and support his family. The diminishing size of the average landholding relates to the 

fact that each household divides and allocates portions of its total land for their heirs. Most of the 

small-landholding young farmers own land with a total area of less than 0.6 ha; thus they rent land or 

work on someone else’s—from large landholders or non-farmers. This provides a measure of the 

extent of over-population in present-day Gunung Sewu.  

Although the non-farmers in Gunung Sewu do not have the time to farm, none are landless. For some 

it is probably a way to fit in socially, to be accepted as being no different from the others. While for 

others, especially those who work in offices, there is comfort in living in the natural environment, 

one that is completely different from their working place.Even some non-farmers who work as civil 

servants would consider their job as an off-farm job and still consider themselves as farmers. 
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Source: Field interviews (324 samples) 

Figure 4.14 Total Average Land Area 

Early in the 20th century, there was still plenty of land available. In 1962, the average landholding 

was about 3 ha (Soemarjan, 1962). This is further emphasised by the farmers themselves who stated 

that in the past, livestock were left to graze by themselves because of the larger landholdings per 

household, but currently they are kept by the house to prevent them from damaging other people’s 

land. This is a direct response to the fact that the total area owned by each household has signifi-

cantly declined.  

Further evidence that the availability of productive land is diminishing is provided by the fact that 

people use every inch of possible soil to plant crops, such as the spaces between houses, homegar-

dens as well as limestone pockets to plant cash crops. These adaptations in the face of a shortage of 

productive land are further discussed in the next section. 

Other than the smaller portion of land owned, land scarcities in Gunung Sewu are also caused by 

deforestation leading to the loss of soil quantity and quality, which thwarts any increase in yeilds. 

The rate of soil utilisation, which exceeds the rate of soil formation or even the return of soil nutri-

ents from organic and inorganic fertilisers, has further prevented any growth in food production. 

More and more land has been subject to intensification and this has again increased the rate of soil 

depletion, resulting in diminishing area of arable land. Figure 4.15 presents a simplified picture of the 

reinforcing feedback loops of land scarcity. 
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Figure 4.15 Signs of Land Scarcities for Food Production in Gunung Sewu 

The soil erosion process leading to rock desertification in Gunung Sewu has caused great loss of 

topsoil and resulted in the exhaustion of soil nutrients. This has resulted in ever-decreasing produc-

tive land. Lack of nutrients within the soil is evident in the quality of underground water within the 

area. Kusumayudha and Nirmala (1996) compared the quality of groundwater in Gunung Sewu karst 

(Wonosari Formation) with that in volcanic areas (Semilir and Nglanggaran Formations) (Table 4.3). 

Of the 56 samples taken, the concentration of nutrients in the Gunung Sewu water was found to be 

lower than that found in water from volcano areas.  The higher nutrients concentration in such areas 

was attributed to the chemical composition of the soil, which originates from volcanic ash, and which 

has a high nutrient content. 

Table 4.3 Groundwater Chemical Analysis from  
Gunung Sewu Karst and Southern Ranges Volcano 

 
Location 

Average Concentration* in mg/l 
Ca Mg Na K Fe HCO3 CO3 SO4 Cl NO3 PO4 

Karst 41.58 12.61 5.42 0.30 0.15 136.54 0.58 6.30 9.53 2.35 0.06 
Volcano 49.78 20.03 30.68 3.77 0.34 122.53 0.39 17.46 23.92 42.91 0.03 

 Source: After Kusumayudha and Nirmala (1996) 

Note: * = Values are averaged from 31 hamlets in Gunung Sewu Karst and 25 hamlets in Southern Ranges Volcano 
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The absence or low levels of important nutrients found in Gunung Sewu, i.e. N, P, and K inhibit the 

growth of plants. For example, potassium (K) is only available in small amounts and because it is an 

inorganic nutrient, it can only be absorbed from soil water or groundwater. In Gunung Sewu, most 

potash is absorbed from soil. Shallow soils results in a lack of K, causing most of the plants in the 

area to be less productive and more susceptible to pests than otherwise. The yellow-coloured leaves, 

short growth and the presence of some unproductive plots as observed in the fields, are all indicative 

of this. Therefore it is necessary to replace the missing nutrients through the application of fertilisers 

both organic and inorganic. 

Farmers admit that in the early 1930s manure was not applied. Even in the 1960s, when the govern-

ment subsidised fertiliser, people threw it away because they didn’t see the need for it (field inter-

view). However, they now apply fertiliser (both manure and inorganic) to achieve the best results 

especially from fruit and rice. This confirms the findings presented in earlier sections of this chapter. 

Environmental degradation occurred not only in response to the physical nature of the environment 

but more as a consequence of human behaviour and the adaptive strategies developed to cope with a 

limited natural resource base.  This highlights the fact that people’s ingenuity is a crucial component 

in determining sustainability.  This further highlights the significance of those self-insurance strate-

gies chosen by farmers to minimise the risks to food security and employment.   

 

 



 

 

Chapter 5  
ATTITUDES AND BEHAVIOUR TOWARD GUNUNG SEWU 

RESOURCE MANAGEMENT: CHOICE OF 
LIVELIHOOD STRATEGIES 

5.1 Introduction 

Depending heavily on the land for survival yet facing a scarcity of those resources needed for pro-

ductivity, Gunung Sewu farmers have developed strategies to increase the return from their use of 

whatever resources are available. There are traditional means of conserving and exploiting resources 

to ensure the most efficient use of every available resource for food production. These traditional 

practices are influenced by how people value these resources.  

As inadvertent side effects of environmental degradation increasingly appear and intensify, the need 

to understand the social and behavioural variables involved assumes ever greater importance. Any 

meaningful understanding, explanation and evaluation of farmers’ decision-making procedures 

requires a sound knowledge of their culture, as well as their physical, social and economic environ-

ment. 

Villagers in Gunung Sewu are generally farmers whose attitudes and actions are still directed by 

conventional norms, culture and traditions passed down from one generation to the next. These are 

evident not only in their social lives but also in their behaviour toward the environment. Society and 

nature form an essential part of their lives as farmers. In a traditional society such as this, common 

interests are of first importance. Any attempt to advance individual interests may pose a threat to the 

common good. Therefore, a development paradigm that stresses individual accumulation and de-

emphasises common interests and needs will be resisted. In this kind of traditional subsistence soci-

ety, sustainable development must be viewed through these values. This is especially so in such a 

resource-poor area where nature barely provides people with enough water and food. Slack (1999) 

concludes that human adaptation strategies and hence human culture is at least as important as envi-

ronmental circumstances in determining the consequences of their interaction with the land.  
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5.2 Cultural Adaptation to Resource Scarcities 

Historically, there always has been a social-cultural dimension in the relationship between man and 

environment. In traditional societies, this is evident in everyday social, economic and cultural activi-

ties, which can be closely related to the environment where they live and from which they derive 

their basic needs for survival. In such a society, a farmer learns that his existence depends on nature. 

Hence, rice planting and harvesting times, as well as other tasks, are directed by inherited traditions, 

which have evolved from years of experience, observation, and trial-and-error problem solving.  

The farmers in Gunung Sewu have been practising the same farming system all their lives. When the 

suggestion of trying a new farming system is put to these farmers, they are generally unwilling to 

change. Marginal and small landholdings tend to make farmers averse to taking risks. Any negative 

deviation from the usual minimal level of production would lead to food scarcity and expose them to 

the risk of starvation. The possibility of adopting a new farming system is slim unless they have seen 

and experienced the results, i.e. farmers must be sure that it won’t lead to crop failure or a lower 

yield. However, once proven, new methods will be adopted. Therefore any suggestion of livelihood 

activities that are environmentally-friendly is unlikely to be met with much enthusiasm unless proven 

to provide short-term productivity benefits over existing methods. For example, the introduction of a 

new variety for rice during the Green Revolution was easily accepted, as it produced a higher yield 

within a shorter time-frame.  

Gunung Sewu farmers commonly copy their neighbours. This applies not only when adopting new 

inventions but also in other aspects of life, for example, when a neighbour renovates their home, 

others want to do the same. The saying, “the neighbour’s grass is greener” applies, often motivating 

farmers to do better. Thus, it is important to find out what motivates farmers to use certain farming 

systems or to practise the kind of soil and water management systems they currently use. Why these 

farmers use these methods and what their perceptions and attitudes are toward land management 

contribute to the sustainability of Gunung Sewu, and could aid understanding of both farmers’ 

knowledge of the effects of management practices on soil quality and of the motivations behind their 

choice of management practices.  In Gunung Sewu an important determinant of behaviour is the 

social influence from other farmers as well as from family members. Fishbein and Ajzen (1975) have 

observed this in other countries.  

The struggle to survive in Gunung Sewu encourages farmers to turn to neighbours, and this has 

developed a working relationship among them. This is known as Javanese ethics that determine how 

an individual should behave. The first principle is “the principle of conflict avoidance” (rukun), 
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which states that in every situation a person should act in such a way as not to cause conflict. The 

second principle is “the principle of respect” (hormat), which emphasises that a person should show 

some respect towards his/her opposite speaker according to their rank and status. These working 

foundations are ingrained in childhood and passed down for generations within the Gunung Sewu 

community, and thus can be regarded as their social values. These values have assisted the people to 

survive on their land. 

5.2.1 The principle of conflict avoidance 

This principle aims to maintain a harmonious relationship among people. Rukun means harmony, 

peace and quiet, without argument and unity for mutual assistance. This occurs where all parties are 

in harmony with each other, help each other, and accept each other with no arguments. Rukun is an 

ideal situation that must be maintained in all social relationships, within the family, within the com-

munity, in the village and in other organisations. Geertz (1961) described rukun as harmonious social 

appearance. 

In applying this principle, an individual must be able to put their personal interests after group con-

sensus. It is regarded as impolite to put personal interests over group interests, and also impolite to 

develop or advance oneself without bringing the group along. This applies as well to personal initia-

tive, which according to Suseno (1999) can easily conflict with social interests that can alter the 

social balance. Even if a person has taken a step forward that benefits the community, this should 

only occur with the agreement of the rest of the community. 

Another practice of rukun is gotong royong (voluntary work groups for mutual assistance). Gotong 

royong aims to provide mutual help and assistance and to benefit the community or group as a whole.  

There are three values, which according to Koentjaraningrat (1985) are inherent in gotong royong: 

(a) a person has to realise that they are basically very dependent on others, which is why each person 

has to maintain a harmonious relationship with others; (b) a person must always be willing to lend a 

hand to help others; (c) a person must conform and remember that they should not be more conspicu-

ous than others in their group or community. 

One such example from Gunung Sewu involves labour inputs. Geertz (1963) suggested that in-

creased rice yields could also be achieved by increased labour, not just by changing the variety of 

rice. However, in contrast to Geertz’s argument, yields in Gunung Sewu are determined mainly by 

the number of labourers required at harvest rather than the total labour input to the whole farming 

process.  In subsistence farming, most labour comes from the family, although at present, especially 
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during a good harvest, there is insufficient labour. In this kind of situation, more labour is needed, 

and families have to turn to hired labour (buruh tani) provided by those who have very small land-

holdings or are landless. Currently, labour is in short supply due to extensive out-migration by the 

young (aged between18 and 39). However, this generation is not interested in farming, so that even 

without out-migration there is a labour shortage.  

Due to urban pull and media propaganda, younger people think that, “Dados petani mboten 

menareh” (becoming a farmer is not interesting). In some villages, hired labour consists of relations 

and neighbours whose help is more in the nature of mutual assistance (grobogan), provided as an 

obligation and in anticipation that the farmer will be willing to return the labour if needed in the 

future. In this way, money that otherwise would be spent on labour can be saved. Such work covers 

activities including hoeing, planting rice seedlings and weeding. In one hamlet, the cost of hiring 

water buffalo, which can go as high as Rp 20,000 or US$2.50, during ploughing, can be reduced by 

hiring buruh tani labourers who are paid in cash at about Rp 3,000 to Rp 5,000 per day. 

In some hamlets, another kind of mutual assistance to avoid the need to hire labourers was observed. 

This is called Dasa Wisma (Table 5.1) where ten households join together, working free of charge, 

moving from one person’s land to another as a working group.  

Table 5.1 Total Households in Villages Sampled Belonging to Dasa Wisma 

District Village Total Number of House-
holds 

Number of Households belong-
ing to Dasa Wisma 

Rongkop Karangwuni 
Jerukwudel 

Balong 

797 
412 
862 

34 
data not available 
data not available 

Tepus Kemadang 
Kemiri 

Hargosari 

1246 
1034 
1124 

59 
88 
71 

Ponjong Karangasem 
Ponjong 
Genjahan 

549 
999 

1026 

9 
1137 

0 
Source: 1998 Village and District Monographies  

 
Another example of the application of cultural values is shown by the way they treat neighbours.  

Neighbours are respected and valued and people think of their neighbours first.  Relationships be-

tween a family and neighbours are maintained through social activities.  Even if the people have just 

harvested their fruit trees, they give a portion of their harvest to their neighbour instead of selling it to 

them.  This is a way to maintain good relationship with neighbours.Very often these actions incur 

additional costs. Although the people of Gunung Sewu consider themselves poor, they are willing to 

spend extra cash for very important social occasions (rukun), such as marriage or death. Although the 
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people have very tight budgets and live in low class societies, they are still willing to give away cash 

to those who are in need.Socio-cultural factors outweigh economic factors in Gunung Sewu. 

Some of the respondents previously had moved to live in the city. However, they had found it diffi-

cult to get to know their neighbours. Having lived in villages where everybody knows each other, 

they were afraid that in case of emergency, their city neighbours would not help them. Thus they 

decided to return to the village. Seventy-two percent of the respondents said that their biggest ex-

pense is education and electricity, while 28% said the biggest is for rukun. Nevertheless, when the 

remaining 72% were asked how much they spent for rukun, their response indicated that a large 

portion of their income goes to rukun. This implies that they don’t regard rukun as a burden, but as 

part of their social interaction, necessary for their social acceptance in the community. They believe 

that “sinten maleh engkang bade mbantu menawi mboten tonggo?” (whom else is going to help us in 

case of emergency if not neighbours). This has become part of their lives and they do not regard it as 

a burden. It is a social insurance policy. 

The biggest percentage of respondents’ incomes is spent on food (41,87% - see Table 6.1 in Chapter 

6). Almost half of the average income goes in buying food. This contradicts the interview findings 

but may be explained by the fact that the farmers spend so little cash on food that they underestimate 

the cost, compared with their monthly expenses for electricity, water, school fees and the like which 

they must pay on demand.  

5.2.2 The principle of respect 

This principle is that an individual must respect others of higher rank or status. Everyone should 

recognise his or her status and carry out his or her own duties. If all goes well, this principle should 

avoid ambition, competition, impolite behaviour, and the urge to acquire self-centred material bene-

fits and power, which are considered to be the source of contradiction and to lead to a non-

harmonious environment. 

In Gunung Sewu, this principle is evident in the institutional structure of the village, where members 

of any one village listen to their Head of Village and carry out their duties as told by their leaders. 

Those who are chosen as Head of Village generally have a better educational background, and are 

often civil servants, working as teachers in the local public school or in a government office. Because 

they have a higher level of education and are civil servants, they have higher status. This also applies 

to those who work or have worked in cities, because city people are considered rich and are consid-

ered of higher rank based on their economic status. 
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In Gunung Sewu, the society or community is seen as a source of safety, nature as a source of sur-

vival, the provider of the essentials of life. The uncertainties in crop yields makes farmers realise that 

despite the help of the community, there are things beyond their control. This also has led them to 

believe that nature has power. As a result, myths have developed over the generations regarding 

important times in a farmer’s life. For example, as observed in my field work, the people of Gunung 

Sewu conduct a ritual religious celebration after rice harvesting and before rice planting, or they may 

pray for rain. Such cultural celebrations may not align with modern views, but still have social valid-

ity and are thus important enough to be incorporated and considered in the development process, 

especially in managing resources.  

Other than culture, attitudes can also influence behaviour. For example farmers always think that life 

in cities brings more income and increases their status level within the community. This brings pride 

to the family. During interviews, it was noticed from the tone in voices that the family is proud to say 

one of them is working in the city. The same applies to education. Higher education is highly re-

garded as conveying higher rank within the community. Other than that, the principle of respect 

makes them listen to their superiors, especially government officials. According to the Presidential 

Decree, a child should spend a minimum of 9 years at school. As a result every household makes 

sure their children go to school for at least nine years.  

From the Javanese point of view, these principles are attached to their lives to protect them and to 

make sure they can place themselves and have stability within their environment. These beliefs 

support their belief that people and nature are inseparable, and guide their behaviour in an appropri-

ate way to ensure their survival. The goal in life for the Javanese is peace and mental balance. For a 

Gunung Sewu farmer, the priorities are a full stomach and family (parents and children are the num-

ber one priority). Therefore the two necessities for the Gunung Sewu farmers’ survival are food and 

rukun. The need to have both of these helps them cope with resource scarcities. Working in the fields 

(wet or dry) is for the farmers a time to rejoice, and women’s involvement in preparing for big func-

tions such as marriage, are major social occasions.  

Thus, socio-cultural values influence people’s behaviour not just way of thinking but their attitudes, 

which in turn shape their evaluation of land, soil and water. Consequently, land in Gunung Sewu has 

a significance beyond an area to plant and crop; it is also a place to live. Although the majority of 

people in Gunung Sewu are farmers, those who are not also enjoy living in the area rather than in the 

towns where they work, because the rural area is quiet and they like having neighbours who are 

always willing to lend a hand when needed. Non-farmers also find comfort, fresh air and peace in the 
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countryside. For example, some non-farmers own dairy cows just for the sake of their intangible 

value, even though they are looked after by hired help (gaduhan). After a long day at the office, these 

people prefer a natural environment.  They said it is comforting to hear cows moo, just as city people 

keep birds to hear them sing.  

To Gunung Sewu farmers, their land means everything. Although from an outsider’s perspective it 

seems they have very difficult lives, all the farmers said they are happy in their work and location. 

They stated that they would not think of moving away from their land even if a more promising job 

was available (field interview). They believe that, “Kulo lahir wanten mriki, dados kulo njeh bade 

mati wonten mriki” (the place where I was born is the place where I should die). They also believe 

that farming is their way of life and the only skill they know, so they must stick with it whatever 

happens. Only four of the total of 324 farm households interviewed (1.23%) said they would move if 

better opportunities arose, but these people were small-landholders and landless young farmers, and 

none of the older small-landholders or landless farmers gave the same responses. There is clear 

evidence of a generational shift in favour of economic over social obligations.  

Similar to land, crops also have a non-economic value. When asked what their main diet comprises, 

most respondents said rice. Rice is planted for subsistence use and is not a cash crop. But when asked 

whether they still consume tiwul (dried cassava or rice cassava) as recorded in much of the literature 

on Gunungkidul, they felt embarrassed and answered ‘yes’, but only to satisfy their stomach and 

because they are used to it. Although theoretically people can sell their rice to save money and eat 

cassava instead, in fact they are embarrassed if others know they are still eating cassava. Culturally, 

rice has prestigious value while cassava is associated with the diet of the poor. Thus, even when very 

poor, people are still willing to spend money to buy rice if they have met their other basic necessities. 

This prestige value also applies to water, especially for those living closer to town, where people 

choose to buy water instead of collecting it. Although using rain water for some household purposes 

would save money, people commented that if others can use clean water, so can they.   

The non-economic value of land, food and water come from the farmers’ philosophy of life. They 

form the key motivation to better manage resources.  
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5.3 Physical Adaptations to Resource Scarcities 

5.3.1 Adaptation to soil infertility 

Agrosilvopasture 

Subsistence farmers are severely affected by on-farm soil erosion owing to its severe impact on crop 

productivity. Any effort to cultivate crops means increasing the rate of soil erosion and increasing the 

danger of crop failure. In such adverse physical conditions as the Gunung Sewu, where intensive 

crop cultivation is prohibited, farmers have integrated arable farming with forestry and livestock. The 

combination of these three activities is known as Agrosilvopasture, and is not peculiar to Gunung 

Sewu. It has been observed in the highland regions of other developing countries in Africa, Asia and 

Latin America (Beyer, 1980; Murton, 1980; Denevan, 1980).  

Trees do not need to be fertilised but crops do. Since inorganic fertilisers are expensive, farmers rely 

more on animal manure. Therefore many of the farmers keep their own livestock (Figure 5.1), al-

though animal husbandry is only a minor means of subsistence in the village economy. 

The most important livestock in Gunung Sewu are cattle, goats and chickens, although water buffalo 

are also found (but only in Genjahan Village). In the past, buffaloes were found in most villages, but 

they need to wallow, and over time, as there is less and less water due to the drying up of the karst 

ponds, so buffalo have become less common. Cattle are exclusively used to draw ploughs or to 

transport goods or draw carts. Cattle and goats are also used as sources of manure. They are not kept 

for milk or meat. The farmers never drink milk and their diet is totally devoid of dairy products, and 

their diet includes a minimum of animal protein. Beef, goats and chicken are only consumed as part 

of a feast or sacred communal meal. Meat is expensive, and people would prefer to keep their ani-

mals to sell in times of need.  A year after purchasing an animal, their price may have doubled or 

even tripled. However, the number of livestock kept is low due to the difficulty of supplying fodder 

and drinking water, especially during the dry season.  
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Figure 5.1 Percentage of Farmers Who Kept Livestock* at Home 

 
Several older farmers confirmed this view, stating that they often have to look for fodder for their 

livestock, although the supply has been partly eased by the planting of buffalograss (Pennisetum 

purpureum), usually planted under teak on the hillsides as a form of silvopasture (Figure 1.6). There 

is a great deal of cattle sharing where the person who tends the cattle shares rights to them with the 

owner (gaduhan), a practice that usually involves farmers on the nearby lowland areas. Although the 

number of cows and goats per family is smaller than in the past, it is commonly agreed that livestock 

today are more evenly distributed among the people in Gunung Sewu, i.e. almost all farmers keep at 

least one animal at home (either a cow or goat). In times of severe or prolonged drought, farmers 

often sell livestock to buy water and this has given rise to a saying that, “In Gunung Sewu, people 

drink from livestock”. 

Due to the limited area of arable land, multispecies crops are planted. These are crops which do not 

need much water and can be harvested at different times of the year, so that farmers can have a 

second harvest if one crop fails. Different vegetation and crop types occur in the Gunung Sewu 

(Figure 3.9). This is further adaptation to the uncertainty of weather and landscape conditions. Once 

crops are harvested, the leftovers or crop residues are used as livestock feed, for example, the skin of 

maize is used to feed cows. Livestock also feed on the grasses grown under trees on hill slopes.  

Grasses and trees also stabilise the soil, thus improving soil quality and reducing erosion.   
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In Gunung Sewu, monocropping is considered too risky and multiple cropping systems have devel-

oped (see later section on the farming system). These systems are characterised by intercropping and 

have remained essentially unchanged since the 19th century. Through mixing crops, the productive 

capacity of the land is available for use the whole year round and the aim is to get the maximum 

benefit out of the limited area of productive soil. In subsistence farming, the logic of production is 

not optimisation of returns but rather the logic of survival—safety first (Scott, 1976). Since other 

crops guarantee a certain level of production, they are mixed with rice. Different crops are resistant 

to different environmental stresses, and this makes it likely that at least one of the crops in the mix-

ture performs well.  

Crop rotations on the hillsides at the start of the rainy season comprise rice and/or maize, peanuts or 

soybeans, invariably mixed with cassava. Dry field rice underplanted by groundnuts, soybeans, mung 

beans, sorghum and the like, ripen soon after rice. Thus, two crops are secured from one field during 

the rainy season. This system allows farmers to spread their risk and make optimum use of nutrients, 

rainfall and space (Nibbering, 1991b). This system of farming also was observed by D’Souza and 

Bourke (1983) in the limestone area of Nembi Plateau in Papua New Guinea and by Lado (1988) in 

the Maridi District in Sudan. 

Currently, farmers have developed an interest in planting trees to secure a supply of firewood, fod-

der, timber and especially to sell for cash. They prefer fast growing species with good timber quali-

ties and with seed material that germinates readily and is easy to come by. Teak, acacia and 

mahogany are preferred for timber and fuelwood, with teak being the most preferred for its durabil-

ity, beauty and workability, making it a highly valued log. This superiority over other commercial 

timber surpasses the obstacles associated with teak, such as the low seed yield per tree (Kaosa-ard et 

al., 1998). 

Teak in the area is mostly found planted on the hills, while the flat areas are reserved for cash crops, 

except in Ponjong village, where (it was noticed) teak is planted on the flats. Unlike other households 

that seem to have planted relatively few teaks on the hills, here, a field belonging to one household 

can contain several trees. Some are even planted in the home garden, whereas this is rare in other 

villages.  

Other trees such as acacia and mahogany are often planted to meet the need for firewood and animal 

fodder, as well as building materials. Another commonly planted tree is Gliricidea, used to supply 

animal fodder, but the bark is very thin and is not very useful for fuelwood. The total land cover 
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under teak, acacia and mahogany forest occurs in patches so small that they cannot be considered 

“forest” (BPS Kabupaten Gunungkidul, 2006).  

Included in this category are the annual wet-field, dry-field and horticultural planted crops in open 

fields. Rice, as the staple food, is planted in sawah and tegalan. There are two types of rice: wetfield 

rice and upland rice (padi gogo). The rain-fed sawah forms a flat/valley landscape during the rainy 

season, while the tegalan are partly found on steep sloping areas that cannot be converted into sawahs 

because of the permeable character of the limestone. Tegalan in the bottom of depressions are used 

for upland rice in the wet season and usually provide two short-season crops per year, such as corn 

and soybean, or a single-season crop of peanuts and cassava. The hillsides are planted with cassava 

and trees, especially teak and acacia, while the foot slopes are planted with corn, maize and cassava 

as a form of multi-layer cultivation.  

Intercropping does not only apply to cash crops, but on the hills, field crops are sometimes inter-

cropped with rows of trees for fuel, green manure, fodder, fruit and other uses, which provide a 

source of income. Conforming to the “safety principle” of subsistence farming, one can participate in 

trade after subsistence needs are met, or to meet needs when food crops fail. Therefore trees are 

grown as a reserve for marginal years when not enough food is produced. Teak, for example, is sold 

in time of emergency to meet education fees or other family needs. Trees generate a profit within a 

few years and don’t need much maintenance. However, everywhere in the study area, except for a 

few hamlets in Ponjong Sub-district, trees are planted only on the hillsides. The farmers use the area 

underneath the trees to plant cassava and buffalo grass.  No other crops are found on the hillsides due 

to the outcrops of limestone.  

Agricultural inputs 

Soil in Gunung Sewu is thin and deteriorates easily. The farmers in Gunung Sewu admit that in the 

early 1930s no manure was applied or needed. This suggests the existence of a thicker topsoil at that 

time. Now fertiliser is needed although not in large amounts. According to the farmers, a combina-

tion of manure and fertiliser is best for growing rice and fruit. The need for fertiliser probably has to 

do with the reliance on high-yielding varieties of rice and fruits that are intrinsically more dependent 

on fertilisers. Another indication that the soil is deteriorating and becoming more vulnerable is that 

the farmers complain that more and different pests are attacking their crops and fruit. For some, a 

portion of their land now yields nothing, resulting in lower overall productivity. 
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In general, soil productivity declines if harvested crops are not backed by inputs of manure or inor-

ganic fertiliser. In turn, fertilisers can only produce good yields if applied in areas with sufficient 

irrigation. However, fertiliser is expensive. The farmers stated that they must use inorganic fertilisers 

in addition to manure to stimulate the growth of rice, while for cassava and other crops they use only 

manure and compost. About 79% of the farmers interviewed stated that they have tried different 

combinations of fertilisers and manure or compost. Farmers explained that while fertilisers have a 

significant effect on yields, for cassava, fertiliser has little impact (field interview). Nibbering’s study 

(1991a) on three hamlets in Panggang Sub-district came to the same conclusion, i.e. the people are 

still applying sufficient supply of manure although inorganic fertilizer is also applied, though in very 

small quantities.   

The needed increases in agricultural production in Gunung Sewu must come from improved yields 

and from land that is currently cultivated, because a major expansion of agricultural land is not 

feasible. Further increases in yields will be difficult to attain without significant technological ad-

vances, such as the greater use of high-yielding varieties (HYVs). The “Green Revolution” was 

instrumental in considerably increasing crop yields. Nevertheless, it is associated with other prob-

lems, including the excessive need for irrigation water, and increased reliance on fertilisers, pesti-

cides and other agricultural chemicals with adverse environmental effects (Fox, 1991).  

High-yielding varieties are very responsive to fertilisers. Fox (1991) stated that HYVs were respon-

sible for the uptake of nitrogen where a high proportion of it goes into the production of grain. The 

loss of nitrogen through leaching or runoff, either by precipitation or irrigation, and its magnitude is 

influenced by the nature of the soil, the amount and intensity of rainfall or irrigation water, the nature 

of the crop or extent of soil surface covered by it, and also drainage and cultivation practices 

(Sharma, 1999; Brink, Burt et al. in Koivusalo et al. 1999). With the intensification of agriculture, 

which puts a higher reliance on fertiliser use, the amount of nutrient loss in surface runoff must also 

be monitored. As results from Mihara and Ueno (2000) indicate, nitrogen and phosphorus in runoff 

water increase with the level of fertiliser application. Heavy loss of nitrogen results in poor crop 

productivity. Therefore, an essential requirement is the effective use of nitrogen fertilisers, although 

De Datta (1987) showed that there is still an average recovery of only 30% of the nitrogen fertiliser 

by the rice crop.  

Due to the neutral to acidic soil conditions, (a pH of 7 or lower) the efficiency of using inorganic N 

fertiliser in the area is low, because nitrogen is easily lost. Furthermore, because the soil has a high 

level of limestone, it can convert P to calcium phosphate, Ca3 (PO4)2 (Suryanto in Suryanto, 1995). 
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HYV also produces methane from flooded fields, and there are questions concerning nitrate and 

phosphorus contamination of rivers, surface water and aquifers.  

Inorganic fertilisers supply nutrients for the plants, not the soil. As a result, while the growth of the 

plants may improve, the condition of the soil may deteriorate. By contrast, organic fertilisers origi-

nate from materials such as animal waste, crop residues and compost. They decompose naturally and 

slowly, thus supplying the necessary nutrients for the soil. Hence, the best fertiliser is organic fertil-

iser from either animals and/or green manure. This is further emphasised by the research of Yagodin 

(in Suryanto, 1995) who showed that one cow produces 20-30kg dung/day, consisting of 0.29% N 

(solid) and 0.58% (liquid); goats produce 1.5-2.2 kg dung/day, consisting of 0.55% N (solid) and 

1.95% (liquid); while chickens have the greatest percentage of nitrogen at 2.2%. 

Household waste management 

Farmers’ attempts to improve soil quality start around the house. The quality of life in the villages 

does not allow the farmers to have amenities, thus household wastes are never contained in cans or 

plastics. Food is wrapped in teak or banana leaves, therefore the waste is degradable. Household 

wastes are either put in the ground and covered where they decompose naturally (become compost) 

or are burned. Unlike China, where farmers sometimes set fire to vegetation on slopes and the ash is 

washed down onto farmland in dolines (Yuan, 1988), in Gunung Sewu household wastes are burnt in 

the homegarden, and the ash is carried to the fields to be used as green fertiliser. There is no post-

harvest waste, as any residual materials are used as animal feed. In this way, household waste pro-

vides a useful source of organic fertiliser for the crops and other plants in the field and around the 

house. 

5.3.2 Adaptation to diminishing arable land  

Homegarden 

In areas close to a water supply, such as Genjahan village (Ponjong) and a small part of Balong 

Village (Rongkop) some horticultural fields were observed as devoted to the commercial production 

of vegetables. Horticultural fields are not common in Gunung Sewu, due to water scarcity. However, 

small patches of vegetables are planted around the house, in the homegarden, for subsistence pur-

poses. 

Van der Poel et al. (1985) reported that with diminishing land, the production of food crops becomes 

more important. Apparently not only physical conditions and/or distance to the house are determi-

nants of land use, but the socioeconomic conditions of the household are equally important. Oppor-
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tunities for fulfilment of basic needs, access to off-farm sources of income and available labour 

determine the use of the land. A farmer with few options is forced to produce staple crops on every 

available piece of land. In response to a diminishing productive area, homegardens are used to grow 

basic food needs as well as a source of income. The homegarden, which is the cultivated land around 

the house (Soemarwoto and Conway, 1992), contains a large variety of plants, which are organised 

vertically as well as horizontally to take maximum advantage of the available sunshine. In the 

homegarden are vegetables, in particular chilli, spinach, onions, aubergine and cabbage, and fruit 

trees including banana, coconut, papaya, mango, oranges, sapodilla and mlinjo. Each homegarden 

has different plant varieties depending on the needs of the household. 

However, not every household has a homegarden. While they are common in hamlets in the Districts 

of Rongkop and Tepus (with the exception of a few landless farmers), within Ponjong and Genjahan 

villages, some hamlets have no homegarden. The houses are located too close to each other. As a 

result, they use the spaces between the houses to plant cash crops, especially rice, during the rainy 

season. 

The productivity of the homegarden often exceeds that of dry tegal partly because, being close to the 

house, it receives plenty of attention and is a ready source of vegetables, medicinal herbs, firewood 

and construction material. The homegarden also provides a steady harvest throughout the year be-

cause of the large variety of plants it contains, and because it offers a ready source of additional cash 

income for many items that can be sold in the local market or hawked in the nearest town (Soemar-

woto and Conway, 1992). Based on their observations, 80% of all homegardens in Gunungkidul are 

planted with vegetables and other food species. Detailed analysis by Abdoellah (1997) and Karyono 

(1981) revealed that homegarden plant diversity is not only influenced by climatic, edaphic and 

economic factors, but also by cultural and traditional factors. However, homegarden diversity is also 

a conscious response to socioeconomic factors. 
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Figure 5.2 The Use of Spaces between Houses to Plant Crops 

This supports Stoler’s (1981) findings that in Kali Loro Village, Central Java, there is a relationship 

between the significance of homegardens for household production and the area of rice paddy owned 

by the family. In areas with no irrigated rice, food crops mostly dominate homegardens, while peren-

nials are found in mixed forest gardens. Tubers and cassava account for more than 30% of the total 

homegarden production for households that have less than 0.1 ha of rice paddy.  

Similar to Stoler’s findings, homegardens in Gunung Sewu provide both subsistence and commercial 

products. With a few exceptions, each category of farmer prefers the same composition of plants in 

their homegarden. Contrary to Stoler’s findings, De Klein (1989) found that in Gunungkidul, most 

households want to increase the density of perennial crops, especially fruit crops. This at first seems 

to be a gross oversimplification, because poor farmers tend to use every bit of land to meet their basic 

food needs. One would expect homegardens to focus on staple foods and vegetables since these 

contribute to everyday diet. However, field findings supported Klein’s conclusion (as Figure 5.3 

shows) that three categories of respondents (large landholders, small young landholders and non-

farmers) prefer to plant various kinds of fruit in their garden. Furthermore, the three biggest catego-

ries of homegarden plants all include fruit. It is also worthwhile to plant fruit because the yields 

135 



 Chapter 5 

might fetch a higher price than rice or vegetables. Compared with other categories of farmers the 

older, small-landholding farmers prefer to plant a mixture of palawija and fruits because they are the 

ones who have least access to off-farm jobs and thus they must have access to a basic food supply. 

For those who own small landholdings, it is probably more beneficial to plant fruit such as bananas, 

which can be sold at any time and don’t need much maintenance. Only large landholding farmers do 

not have a mixture of palawija and vegetables, even though the other farmer categories have a small 

percentage of this mixture in their homegardens.  
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Figure 5.3 Compositions of Homegardens 

It is also also evident that only the non-farmers plant medicinal herbs in addition to fruit. This is 

probably because they don’t have enough time to maintain palawija (mixture of cash crops) and 

vegetables as they are not working as farmers. Also, due to their off-farm jobs, it is likely that they 

have the income to buy rice and vegetables. Medicinal herbs are planted probably because there is 

space available and the non-farmers are more health conscious. Herbs are cheaper than going to a 

doctor. Furthermore the Javanese have been known for their knowledge of medicinal herbs for gen-

erations. 
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Use of limestone pockets 

Because of the scarcity of land, the farmers plant grasses underneath teak and other trees (see previ-

ous section on agrosilvopasture). The steeper the slope, the less cultivation is possible. However, 

slopes can still be partly planted with crops and farmers use the soil pockets between limestone 

outcrops to plant (Figure 5.4). Although runoff washes the soil down the slope, the limestone pockets 

capture some of the soil. 

 
Photo: Kartiwa    

Figure 5.4 Use of Limestone Pockets to Plant Crops 

5.3.3 Adaptation to water scarcity 

Farming system and plant selection  

Land suitability and potential in relation to the growth and production of agricultural crops is greatly 

influenced by terrain, climate and soil. Aspects of climate required for the growth, development and 

production of plants include temperature, rainfall, humidity, radiation, sunlight and wet and dry 

months (FAO, 1984). Located just south of the equator, Gunung Sewu is described as having a warm 

climate and due to its latitude and location two main seasons: the wet and the dry.  
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Under the Köppen classification system, Gunung Sewu has an “Aw” type climate, where the dry 

season lasts longer than the wet season (in Winarno and Suntoro, 1999). “A” refers to a tropical rainy 

climate (hot with no cool season, with monthly average temperatures over 18°C) and “w” signifies at 

least one month with a mean rainfall of less than 60mm. Nevertheless, the differentiation between the 

wet and the dry seasons provides inadequate information to properly evaluate the potential of agricul-

tural land. Due to the importance of climatic conditions in the development of soils and vegetation, it 

is probably more realistic to use Oldeman’s climatic classification system for Gunung Sewu, which is 

based on the water consumption of plants in wet and dry fields (Bachri and Djaenudin, 1999). 

Oldeman’s system is based on the amount of water needed by seasonal crops in dry fields. This 

depends on the total rainfall of consecutive wet months. A ‘wet’ month occurs when the total rainfall 

is enough to support the growth of wet field rice and exceeds 200mm per month. A ‘dry’ month 

occurs when the total rainfall is below 100mm per month. According to Oldeman, Gunung Sewu has 

a type D3 climate (in Winarno and Suntoro, 1999). This means that the total wet months in a year is 

only 3-4, while the dry season can extend from 5 to 6 months. Based on the FAO (1983), the tem-

perature regime in Gunung Sewu (see Chapter 3) is ideal for the growth of a range of tropical plants 

and seasonal crops, but in practice the total number of dry months significantly limits the growth of 

such crops. Rainfall in non-irrigated areas like Gunung Sewu is very significant for the vegetative 

and generative growth of plants. 

Java’s location in the path of the tropical easterly and westerly monsoons results in a very high 

rainfall. Suseno and Sukirno (1996) stated that Gunungkidul has an annual precipitation average of 

between 1,500 to 2,000mm per year. This is still less than the neighbouring coastal areas which have 

an average of more than 2,000mm (Whitten et al., 1996). Areas of highest annual rainfall occur in 

Gunung Sewu karst, and include the Districts of Tepus, Rongkop and Ponjong (comprising the study 

areas), where it amounts to 2,000–2,500mm per year for Rongkop and Tepus and 750–2,000mm per 

year for Ponjong (Pemda Kab. Gunungkidul, 1994). This rainfall mainly occurs in the months of 

November to May and is generally highest between November and February, with the maximum 

usually in January with a monthly average rainfall of 332mm. Rainfall of less than 100mm per month 

occurs between May and October. Rainy days average between 12–19 days per month (Winarno and 

Suntoro, 1999). Nevertheless, high precipitation does not guarantee an adequate water supply due to 

the karst structure of the area and the rapid dispersal of the rainfall into the porous limestone (see 

previous chapter).  
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Dry field crops need a rainfall of at least 100mm per month (Whitten et al., 1996) to compensate for 

the loss of water during evapotranspiration. The total evapotranspiration loss is associated with the 

production of crops. It is important to determine the right type of crops to be grown and the correct 

time to harvest to maximise yield. Thus it is important to know the efficiency of water usage by the 

plants, i.e. the evapotranspiration of the area. In Gunung Sewu, estimates of evaporation and poten-

tial evapotranspiration are essential to determine the amount of water needed to give adequate yields.  

MacDonald & Partners (1984) calculated the potential evapotranspiration in Gunung Sewu (Table 

5.2) using the PROSIDA method following a modified form of Penman equation, necessary due to 

the limited sunshine data. The actual evapotranspiration was estimated from mapped potential rates 

using monthly crop factors. These are based on land-use and cropping patterns and take into account 

the proportion of land receiving irrigation water. Each land use category is assigned a monthly crop 

factor related to the index of potential evapotranspiration to actual evapotranspiration for that particu-

lar crop. 

Table 5.2 Evapotranspiration Estimates for Gunung Sewu 

Months Rainfall 
(R) 

(mm)* 

Potential Evapotranspira-
tion (PE) (mm) 

Actual Evapotranspiration 
(AE) (mm) 

Water Surplus  
R – AE(mm) 

January 272 140 106 166 
February 339 128 106 233 
March 229 137 112 117 
April 232 130 105 127 
May 383 121 83 300 
June 30 110 65 -35 
July 0 119 67 -67 
August 0 132 69 -69 
September 0 142 74 -74 
October 215 152 79 136 
November 510 142 79 431 
December 238 142 94 144 
Annual 2448 1595 1039 1409 

Source: MacDonald & Partners (1984a) 

Note: * = Rainfall data are averaged over seven rainfall stations across Gunungkidul 
 
 

Table 5.2 shows that actual evapotranspiration is highest during the wet season, while in periods with 

no rain, it is lowest. In karst, water infiltrates rapidly; therefore if there is no rainfall, evaporation is 

low but potential transpiration is high.  

Actual evapotranspiration is needed to determine the monthly water surplus (Figure 5.5). This in 

relation to the cropping pattern gives a useful perspective on Gunung Sewu’s suitability for farming. 

Figure 5.5 suggests that water availability is actually not a problem in terms of the few months with a 
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water deficit. (The difference in rainfall and actual evapotranspiration values shows the water supply 

within the area.) During the months of June to September, rainfall is less than evapotranspiration. In 

other months there is a water surplus available for plant growth and groundwater recharge. However, 

the high potential evapotranspiration in Gunung Sewu confirms the need for irrigation. Contrary to 

what has been discussed previously, the climate is not the only aspect of the natural environment that 

contributes to the cropping pattern in Gunung Sewu. Although blessed with a water surplus for 7-8 

months, the permeability of the karst prohibits most of the water being used directly by plants (see 

section 3.3 Geology).   

The vital role of water is emphasised by the precise correspondence of rice cultivation with the wet 

season and of its absence during the dry season (see Figure 5.5). When there is a water deficit, no 

crops are planted. Cassava is harvested around July–August, and the fields are usually cleared around 

September in preparation for rice planting. This conforms to the observed farming system when, 

during June–September, seasonal migration is at its highest and there is not much activity in the 

fields (see section 5.3.1). 

Corn (jagung) is easy to cultivate and needs a minimum input of fertiliser and labour. It can be 

planted in the second half of the dry season and harvested within a period of only 3 months. Corn is 

mainly used for farmers’ own consumption as a staple food and ranks second to rice in prestige, 

while soybeans are mainly grown for cash. Soybeans are planted during the first half of the dry 

season on the tegalan dry fields, but also on sawah between rice crops. The most widely planted crop 

is cassava (tela), a staple in the area (Figure 3.12). It does not require irrigation or special care, and 

can be planted at almost any time of the year. Root crops are generally cultivated in tegalan fields, 

but are also frequently grown in the pekarangan around the house.  
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Figure 5.5 Water Surplus and Cropping Pattern in Gunung Sewu 
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Farmers have developed an interest in tree planting to secure a supply of firewood, fodder, timber, 

and as a source of cash for their households. They will choose the type of vegetation that will benefit 

them most and can assure cash income. In general they prefer fast-growing species with good timber 

qualities and with seed material that germinates readily and is easy to come by. Teak, acacia and 

mahogany are preferred for timber and firewood, while glyricidea is preferred for livestock fodder. 

Generally, teak grows well in karst areas and has a higher value than teak grown in non-karst area. 

Farmers believe that acacia regenerates naturally and quickly, and teak produces better logs after the 

first cut. Teak is valuable, and every part of it is used; branches and twigs for fuelwood, leaves for 

livestock fodder and logs as a source of income. Almost everyone has planted teak, often on the 

upper part of their land, whether in a field or in the homegarden. These trees are worth a lot of 

money10, and in an emergency can be cut and sold, often to finance children’s education or to fund 

an important family occasion such as a wedding.  

Fallow period 

In an area such as Gunung Sewu where arable land and other productivity resources are scarce, it 

might be expected that a fallow period would be reduced or even dispensed with. Nibbering (1991a) 

noticed a fallow period of only 2–3 months. Nibbering (1991b) also found that the fallow period was 

more extensive in isolated, hilly villages with relatively large holdings. The reasons for this differ. In 

one village it may be largely the result of farmers engaging in more non-agricultural activities, farm 

labouring, or circular migration, whereas in another it may be the consequence of increased tree 

cropping (Nibbering, 1991b).  

Field observations suggest that land is left fallowed for 2-3 months during the dry season. However 

during the wet year of 1998, when it rained all year, there was no fallow period at all. It seems that 

farmers fallow their land while waiting for the rainy months, as during the dry months from July to 

September, nothing can be planted and there is nothing to harvest. At the start of the rainy season the 

fields must also be prepared for dry field rice cultivation, and leaving the land fallow supports this 

strategy.  

The fallow period in Gunung Sewu can be regarded as a response to the scarcity of water rather than 

as a requirement of good land husbandry. A similar conclusion was reached by Nibbering (1991a; 

249) who posed the following hypothesis: “The scarcity of water has been an overriding factor in 

causing people to keep population numbers at a low level through a balance between immigration 

and emigration. The fact that farmers still fallow their land seems to support this hypothesis”. If 
                                                 
10 The current price of teak is Rp 3.5 million (US $385) / m3 (Perhutani, 2000) 
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water (i.e. irrigation) was available, there would be no fallow period as the farmers would use the 

opportunity to grow food instead of doing off-farm work. It was observed that farming the land 

especially for rice puts particular responsibilities on to the farmer, thus at the start of rice planting 

(rainy season), farmers return from seasonal migration to work on their land. 

Traditional means of water conservation 

Dependence on rain for cultivation is a periodic problem in Gunungkidul especially in the Gunung 

Sewu area and poses particular problems during the dry season. This has significant social and eco-

nomic impacts: 

1) Not enough tank water is available for everyday use. 

2) Livestock fodder supply especially in the dry season is inadequate, thus the people must ob-

tain it from outside the Gunungkidul Regency. 

3) There is insufficient seed for future crops because of the necessity to sell supplies to meet 

everyday needs, and because some seed is lost due to the extended dry period. 

To illustrate the water shortage problem, a local newspaper Suara Pembaruan, reported in 1997 that 

74,172 people spread among 7 Sub-districts, 38 villages and 188 hamlets in the southern part of 

Gunungkidul area were in urgent need of water. The annual drought usually occurred in fewer than 

seven sub-districts, with an average of four sub-districts across Gunung Sewu.  But this 1997 drought 

was spread among the seven sub-districts, thus increasing the total number of people who experi-

enced drought to 80,000. The Suara Pembaruan Daily (June, 1997) reported that the need for water 

in Gunungkidul was estimated at 10 litres per day per person. With 80,000 people, about 800m3 per 

day were required. The total demand is exacerbated in certain areas where small industries need 

water for their activities.  

In a normal dry season, a person usually needs at least 1-1½ tanks (1 tank = 3000m3) of drinking 

water at an average of Rp 20,000/tank. Prices range from Rp15,000 to Rp25,000 [field interview]. 

Other sources (e.g. PDAM) suggest a range of Rp15,000 to Rp35,000. Price ranges according to 

accessibility of the buyer’s home and are linked in turn to petrol prices. According to a national 

newspaper, (Suara Pembaruan Daily, 1997), prices reached between Rp70,000 and 125,000 per tank 

in 1998 with a volume of between 3000m3 and 6000m3. According to Pemda Gunungkidul (1998), of 

the total Gunungkidul population, about 18.16% still needs to buy water annually.  

143 



 Chapter 5 

Water is a problem regardless of the size of the population. Water is very limited in Gunung Sewu 

and people go to great lengths to get it. Water from the municipality (PAM) is obtained by pumping 

from a cave river into a transmission/distribution pipe. The water is distributed from the reservoir 

using gravitation through a general hydrant and by pipes to houses. By 1996/1997, nine reservoirs 

had been built, providing supplies to 18 villages with a total population of 44,517 (PU, 1995). 

About 71% of the karst pond areas are between 1 and 25 ha (Figure 4.6a); almost 20% of the ponds 

have an accumulated total area of between 26ha and 50ha (Donner, 1987). During periods with no 

rain, the entire water supply relies on karst ponds, except for those with water from PAM/PDAM 

(Public Drinking Water Supply). Sheet floods during the rainy season fill them, but unfortunately 

there is too little capacity for irrigation. Escher (in Donner, 1987) identified 433 in Gunung Sewu in 

1931, 372 in 1965 and only 14 in 1995. This suggests an increasing shortage of water in the region, 

either because there is less water finding its way to ponds or because there is a greater rate of use of 

any water accumulated. The ponds may also be silting up with soil eroded from the hills. 

When there is insufficient water, livestock remain unwashed, but must still be supplied with drinking 

water, and this would have to come from PAM water, as the water in the ponds is too dirty due to its 

use for bathing and washing. This causes additional water costs. To cut down on costs, the used 

water from bathing is sometimes used for the animals (field interview).  

Lack of technical knowledge, tools and lack of money have also prevented the successful tapping of 

underground water, which could otherwise be expected to enhance the chances of increased food 

production.  Moreover, equipment for the maintenance of water pipes must be imported, and can cost 

up to Rp 116 million (about US$11,600). The water scarcity in the area is highlighted in the re-

sponses to needed development in the area (Table 5.3).  

In response to the scarcity of water and dependence on rainwater, most households have a PAH 

(Figure 5.6b), part of the development programme funded by international agencies. Those who are 

unable to build a PAH, or are a regular customer of PAM, must buy water during dry periods. For 

people who consider themselves poor, Gunung Sewu farmers are very willing when it comes to 

buying water. In the villages of Ponjong and Genjahan, a PAH is not found because wells have been 

dug (at around 25-50m in Ponjong and up to 10m in Genjahan) (field interview). During the long 

drought of 1997, water could still be obtained from these wells. For those who did not receive 

enough water during the drought, the people of Ponjong preferred to buy fresh water rather than to 

build PAH for their homes (Figure 5.6a). During the interviews, they said, “Menawi panjenengan 

saget ngunjuk toyo engkang sae, dalem ngeh saget” (translated to: if other people can consume clean 
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water, we can too). They are embarrassed to use rainwater, because this would suggest that they have 

a lower living standard. Social concerns sometimes override thrift. As in this case, at times pride 

outweighs cost. 

Table 5.3 Development Priorities* 

Type of Development Percentage 

Agricultural Development: 
Water/irrigation supply 
Lowered fertiliser price 
More arable land 
Lowered price of seeds 
More valuable crops 
Livestock aid programme 

58.98 
    33.38 

            15.38 
              2.56 
              2.56 
              2.56 
              2.56 

Infrastructure: 
Electricity 
Buildings 
Roads 
Housing 

           20.51 
             2.56 
             2.56 
             5.13 
           10.26 

Services: 
Education 
Off-farm employment 

           17.95 
             5.13 
           12.82 

Afforestation:             2.56 
 

*Source: Field interview (324 samples) 
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  (a) Rain water tank  (b) Fenced fig tree 

 

Figure 5.6 Traditional Methods of Water Conservation (a) Rainwater Tank; (b) Fenced Fig Tree; 
(c) Cemented Karst Pond 
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Water is crucial so farmers give great attention to its conservation. Several caves with accessible 

underground water are identified as sacred. Karst ponds are cemented (Figure 5.6c) so that water will 

not leak and every year the farmers perform a traditional ceremony called bersih desa (village purifi-

cation) when they clean areas near the ponds, plant trees, especially fig, and put a fence around them 

or wrap them with yellow cloth to show that they are sacred (Figure 5.6b). They believe that this 

ensures that they will be supplied with enough water. It is also a ceremony to praise God for the good 

things in life and for God’s protection including better fortune for future harvests. The farmers’ 

behaviour towards conservation is obviously affected by their traditional beliefs.  This provides a 

clear link between conservation and culture.  

5.4 Social Adaptation to Resource Scarcities 

5.4.1 Seasonal migration 

Villages located on main roads are often influenced by the demands of a semi-urban life-style. Many 

of the inhabitants of these villages desire homes like those of people in town, including concrete 

floors, glass windows, urban-style furniture and the like. In some villages, people have these items. 

These in turn encourage an associated need for off-farm employment as carpenters, construction 

workers, electricians and the like. However, most of those involved in off-farm activities, work 

outside their villages in the building trade. Some are permanently employed off the farm, but a larger 

number work outside the village, on a part-time basis, during the slack season. 

Seasonal migration occurs in Gunung Sewu as a response to the diminishing availability of arable 

land. Farmers in this situation must find other sources of income. Therefore during the slack season, 

between June–August, most of the men go to the cities. Since it is mostly males who look for off-

farm jobs, the women work the fields in their absence, harvesting the cassava and cleaning the land. 

Since rice is for subsistence, it is crucial not to miss planting at the start of the rainy season.  If the 

rain comes early then there is no fallow as the farmers must plant before the start of the rainy season, 

or they won’t have any harvest. Between the time of the cassava harvest and the start of the rains, 

there is basically no activity in the fields, and therefore it is much more profitable to move to the 

cities to find work.  

Insofar as off-farm activities are performed on a part-time basis, they tend to be done at times and in 

such a way that they do not interfere with farming operations. Consequently, the dry season sees a 

rise in the number of people engaged in off-farm work, such as carpentry and quarrying. Although 
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the income that the farmers receive may be higher than from agriculture, they still return to their 

farms for harvesting and to prepare fields at the beginning of the wet season. They remain dependent 

on their crops to meet their basic food needs. The farmers are strongly bound to their fields. Being a 

farmer is not only a job, but also an identity.  

Nibbering (1991a:15) defines off-farm work as, “all income earning activities conducted by the 

members of the household outside their own farm”. However, for the purpose of this study, off-farm 

jobs are confined to non-farm work. When landless farmers are paid to do farming jobs off their own 

farm, this is not classified as off-farm work.   

Of the total of 324 respondents, 288 (88.89%) were engaged in off-farm activities (Table 5.4). The 

types of off-farm work are influenced by the creativity and willingness of farmers to try new roles as 

well as social influences. For example, household industries are mostly found within Kemadang 

Village, while snail collectors are only found in Hargosari Village. Farmers want alternative jobs, 

which they know exist and which are easy to apply for. Limestone can be found everywhere, there-

fore activities like mecah watu (stone breaking) forms a higher percentage of employment than 

household industries. 

The majority of people involved in off-farm employment are male, whereas females usually stay at 

home or are engaged in other kinds of off-farm jobs that can be done from home or within the home. 

The fact that opportunities to engage in off-farm employment have increased over the last 40 years 

(Nibbering, 1991a) suggests there there is now less dependency on agriculture as a source of income. 

Small government projects, the constructions of schools, roads, houses and the like have created 

employment opportunities throughout the entire district. Small shops have been established in the 

villages and various forms of assembly trades have developed which are associated with agricultural 

products, wood, and calcite rocks, in response to new or greater opportunities for marketing these 

items, and these employ an increasing number of people. The quarrying of calcite is new to the area, 

and is a major source of employment, especially during the dry season. Another new activity is the 

preparation of emping mlinjo in the home as a commercial enterprise. These occupational patterns of 

villagers naturally create a high degree of seasonal and non-seasonal population mobility, resulting in 

different kinds of mobility both of a short-distance or short-term nature. Daily commuters travel back 

and forth from their homes to their place of work; temporary migrants move across the region for 

different periods; and temporary non-seasonal migrants also travel in the area for several weeks or 

months at a time. 
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Table 5.4 Various Types of Off-Farm Jobs  

Non-farming Activities Percentage 

Small Shopkeeper 
Government Agents 
Stone Breaking 
Carpenter  
Enterpreneurs  
Factory Worker 
Fishermen 
Livestock Trader 
Household Industries 
Construction Worker 
Limestone Trader 
Driver  
Quarrying  
Noodle man  
Tailor  
Bonsai Making 
Snail Collector 
Retirement 
Electrician 
Dentist 
Gidik (Bamboo Wall) 
Landlord 

22.53 
13.19 
12.64 
9.89 
8.24 
6.59 
4.40 
3.85 
3.29 
2.74 
2.74 
2.20 
1.66 
1.10 
1.09 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 

 

Source: Field Interview (324 samples) 

Generally, if they have time, households engage in off-farm activities primarily in order to supple-

ment their farm income, provided that they have the time. The recent increase in opportunities for 

earning cash outside agriculture is seen by many farmers as one of the reasons why conditions have 

improved in the area (Nibbering, 1991a). 

5.4.2 Consumption pattern 

Gunung Sewu area has few natural resources for commercial farming. Total production is low and 

average production is rarely higher than the minimum necessity for subsistence. Because of this, 

long-term cropping patterns are determined by the quantity of food that must be produced, given 

available land and water resources. Thus, farming is mainly based on dryland crops and upland rice 

production. Total food production is also influenced by the number of people who must be fed, as 

well as by their consumption patterns.  

Till the 1960s, cassava was the preferred food. However, since then, there have been changes. With 

the introduction of high yielding rice varieties, fertilisers and irrigation, food consumption in Gunung 

Sewu now consists mainly of rice, although cassava is still eaten mostly by the older generation. In 

some areas, a few small landholding and landless farmers consume corn in addition to cassava and 

rice because they don’t have enough land to plant rice. If the main crop does not meet subsistence 
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needs (in this case rice) there is a greater demand for other food crops, especially maize and cassava, 

which can be grown on non-irrigated land. Cassava and other root crops have a higher energy value 

per hectare than grains, and will grow on degraded soils.  

The amount of rice consumed depends on the amount harvested and the income available. In turn, the 

quality of rice harvest influences cassava consumption. If the harvest is good, people are less de-

pendent on cassava, and tend to sell it. Furthermore, if people have a higher income, cassava con-

sumption is less, because they have the money to buy rice. Based on research by Mubyarto (1989), if 

the income of the people of Gunungkidul increases by 10%, rice consumption increases 24%. Since 

prestige is a key behavioural factor, more income drives people to buy more rice. 

In times of economic instability (i.e. since 1998), the price of cassava increases. In such periods the 

price of fertiliser also increases. Consequently, since 1998 rice consumption has decreased because 

the price of basic necessities has gone up. Since incomes have not risen, they are getting poorer. This 

income effect is very strong if a commodity such as cassava is essential to their livelihoods. Although 

cassava is an inferior food to rice, its demand is very dependent on the price of rice. If the price of 

cassava increases, people will quickly sell their cassava (as in 1999) and the consumption of rice 

increases because people are able to buy more due to their higher income. Income increases mean 

that more people have the money to buy rice and therefore the demand for cassava falls. Either way, 

demand for cassava will fall, which clearly shows that rice is viewed as superior to cassava. Rural 

incomes are generated from sales of cassava, other cash crops, teak and off-farm employment. There-

fore in an area like Gunung Sewu, changing the price doesn’t change the demand for cassava, but 

changing the price of rice does. The only thing that can change the price of rice is irrigation, but 

currently this is not a plausible solution, due to the limited availability of water in the area.   

5.4.3 Education levels 

Education is supported by infrastructural development, i.e. transportation facilities and school build-

ings. The education level in Balong Village is lower than in Rongkop and Jerukwudel villages due to 

a lesser availability of transport. Parents would have to spend more money on transportation in this 

area if they wanted their children to attain higher education as there are no high schools within the 

area.  The more income a family has, the better the chance of getting its children through school, 

meaning an improvement in the quality of human resources. 

The attainment and effect of formal education has changed the nature of social and cultural obliga-

tions in Gunung Sewu. Elsewhere in the world, particular activities like ploughing and the construc-
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tion of terraces which generally requires male labour, have led some authors (Mindajao, 1978; Hud-

son, 1980; Segura-de los Angeles, 1983; Lado, 1988; Thapa and Weber, 1991) to believe that the size 

of households in general, and the size of the male labour force in particular, are crucial factors in 

determining the adoption and application of soil management and conservation measures. However, 

as evident in the study area, the size of the household is unimportant because only “parents” work the 

field. This phenomenon, where children are either in school or looking for off-farm work, is also 

evident in other villages within Java outside Gunungkidul (Collier et al., 1996) and in other coun-

tries, such as in the Maridi District in Southern Sudan (Lado, 1988). 

Although the older generation has lower education levels (Figure 5.7) than their children (who spend 

at least 9 years in school) farmers’ investment in their children’s education indicates their concern for 

the future of agriculture within the area. Instead of providing labour, children consume the house-

hold’s resources by attending school.  
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Source: Field Interview (324 samples) 

Figure 5.7 Education Levels of Farmers in Gunung Sewu 

Unfortunately, the establishment and growth of schools in the area has provided little incentive for 

people to learn about farming. Of all those who attain higher schooling, few are interested in study-

ing agriculture and becoming involved in farming. Most young people with a primary education do 

not return to the farm, but head for the cities in the belief that it would be retrogressive to return to 

farming after obtaining a school certificate. Most female students prefer secretarial studies and male 
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students prefer business courses, confirming the view that most young people regard farming as an 

undesirable occupation. In effect, education is a passport to a modern lifestyle and is viewed as the 

only way to escape poverty. Prestige and exposure to mass media increases the willingness of young 

people to gain a higher education.  

5.4.4 Number of children 

Over the past 25 years, the population of Gunungkidul has experienced steady growth (Figure 5.8). 

Since Gunung Sewu makes up more than 50% of the total population of Gunungkidul, its population 

greatly influences the total number of inhabitants.  
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Source: Data provided by Pemba Kab. Gunungkidul, 1998 

Figure 5.8 Growth of Gunungkidul Population Since 1979 

Due to cultural regard for officials, not only do the children go to school for at least nine years (as 

ordered by the government) but people also use family planning. A government population reduction 

programme is in place to reduce population pressure in Gunung Sewu. As a result, out of the 324 

households interviewed, most farmers have only one to three children, with two being the norm 

(Figure 5.9). Those living in Rongkop and Tepus Districts have an average of 2-3 children per fam-

ily. The age difference between each child in a household can be 8 years or more (field interviews). 

In contrast, people in Genjahan and Ponjong villages in Ponjong District, have an average of 5-6 

children (Figure 5.10), although two is still the mode.  
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Figure 5.9 Total Numbers of Children in Each Household 
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Figure 5.10 Total Numbers of Children in Each Village 

Genjahan, a village not located on karst, has most children, followed by Ponjong Village (some of 

this village is located on karst). A small percentage of respondents in Karangasem village (located on 

karst) have more than five children. All of these villages are part of Ponjong Sub-District. The 

groundwater potential in these villages is great (see Figure 3.25), especially in Genjahan.  Irrigation 
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is possible in this village because it is in a non-karst area. It seems that people with more children 

live in areas with a plentiful water supply, where they have a greater chance of survival. Water is 

obviously recognised as key for survival and limiting the number of children appears to be a direct 

social response to resource scarcity.  

Self imposed limitation on family size is undoubtedly one of the most fundamental adaptation to 

resource scarcity and a dramatic illustration of human adaptation to secure sustainability.  As previ-

ous sections of this chapter has demonstrated constraints on family size are only one of a series of 

adaptations evident in Gunung Sewu including education, dependence of homegardens for food, 

waste management strategy, silviculture and water management.  The skilled adoption and use of 

these strategies has allowed the population of the area to achieve a level of sustainability at odds with 

the scarcity of natural resources available to them and further highlights the adaptative capacity of 

people to their environment and reinforces the importance of social and cultural factors to under-

standing environmental measures. What remains unclear is the long term capacity of such adaptive 

strategies to maintain sustainability.  Nor does the analysis presented thus far allow the east transla-

tion of the findings from this thesis to other karst areas in South East Asia or elsewhere in the world.  

The following chapter extends this analysis within the framework of a system dynamic model to 

determine appropriate model of sustainability that could provide longer term planning tools. 

 



 

 

Chapter 6 
SUSTAINABLE INDICATORS FOR GUNUNG SEWU RESOURCE 

MANAGEMENT SYSTEM 

6.1 General Characteristics of Sustainable and Unsustainable Practices 
within Gunung Sewu 

Dulbahri (1995) observed that in Bali, traditional ways of life based on agriculture and traditional 

culture offer the potential for harmonious, sustainable farming11. The Javanese philosophy of life 

remains relevant to any discussion of the sustainability of agricultural practices in Gunung Sewu. 

Although none of the farmers in Gunung Sewu understand the meaning of the word “sustainability”, 

indeed they had never heard of the word, but in practice, some of their everyday farming practices 

support sustainable management, even if others constrain its achievement.  

Farmers’ attitudes and perceptions determine those activities, which both support and hinder the 

achievement of sustainable development. Thus farmers’ attitudes towards conservation and manage-

ment of the soil and water in Gunung Sewu, the two key resources for food production, can be 

viewed both from an economic and from a socio-cultural perspective. This can be used to evaluate 

the extent to which these perspectives support sustainable practices. As shown in this thesis, sustain-

able management of natural resources cannot only be evaluated through its impact on physical re-

sources, but must be extended to include those socio-cultural values, which shape and determine their 

use. 

The emphasis for Gunung Sewu therefore, should be on the maintenance of the quality of its natural 

resources rather than their quantity, since quality is a significant factor in the intensification of small 

and marginal landholding.  

                                                 
11 The Balinese, for centuries have been practising sustainable development, following traditional rules for the creation of irrigation 

systems through traditional organisations such as banjar and subak. They have applied their philosophy, which stipulates that harmony 
should be maintained between people and their environment, among people, and with their gods.  This combination of culture and ex-
perience led the Balinese to develop practices, which both maintained the integrity of the environment and facilitated effective growing 
of food, especially rice.  Balinese customs and traditional organisations have demonstrated their sensitivity to protecting the natural 
landscape, although the rapid pace of development and non - agricultural land use add more pressure to competition for land.  The loss 
of agricultural land is a major concern if sustainable development is to be achieved (Dulbahri, 1995).  
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6.1.1 Sustainable practices 

The majority of farmers have landholdings, which are small and economically marginal (Figure 

4.14). Their landholdings meet their immediate food needs and usually provide some disposable 

income for other basic needs. However, these farmers are always at risk if there should be any short-

fall in the crop yield. On the other hand, when crop cultivation is severely restricted due to restricted 

water availability, any efforts to cultivate the land accelerates the rate of soil erosion. Aware of this 

potential environmental consequence, the farmers have adopted types of farming/livestock-raising 

based on a strategy to ensure economic sustenance. These farmers also practise various soil manage-

ment and conservation techniques, such as terracing, fallowing, manuring, fertilisation, composting, 

intercropping, multiple cropping, agroforestry, silvopasture and agrosilvopasture (see Chapter 5), all 

of which contribute to environmental conservation. 

Previous discussion has shown that culture is a key concept in assuring the continuity of food pro-

duction by Gunung Sewu residents. In addition, other heterogeneous individual characteristics such 

as age, gender and education, which affect people’s attitudes towards the management of agricultural 

land, are also evident (see, Christensen and Norris in Thapa and Weber, 1991). Although there are no 

explicit differences in men and women’s perceptions of natural resources, different generations do 

have different perceptions of natural resource management, especially with regard to farming and 

importance of social gatherings. Older generations put higher value on farming as an occupation and 

on the importance of social gatherings. 

One example is the perception of basic needs among the young. This group focuses on earning a 

greater cash income and finding more prestigious work than farming. The primary focus of the older 

farmers is not on material or economic needs, but on harmony with nature and neighbours, although 

the influence of urban culture is promoting some changes. Religious laws still govern the exploitation 

of natural resources and help maintain the integrity of the ecosystem, although these laws may well 

be viewed by some as founded on myths. One such example is the social function of “village purifi-

cation” (Chapter 5. See also, Figure 5.33), involving the planting of vegetation around ponds and 

springs, clearing weeds and the care and maintenance of fig trees, although these practices are also 

all scientifically proven means to maintain water quality.   

Javanese farmers basically think of their lives as unfortunate (life reality), full of sin and misery 

(Koentjaraningrat, 1980). Such pessimism has strengthened their ability to face the realities of daily 

life. Furthermore, the Javanese philosophy of life (as explained in Chapter 5) has helped them make 

long-term survival plans. One example is the planting of teak trees as a natural “bank” in anticipation 
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of any future financial emergencies. This is an example of conservation efforts based on cultural 

values and perspectives. Where traditional values are maintained, such efforts increase the opportu-

nity for a sustainable way of life. Sustainable development requires farmers to be able to think long-

term, have ability to plan and to plan wisely.  

In Gunung Sewu, where modern technology is costly to apply due to the nature of the karst land-

scape, people must rely on what nature provides. This corresponds with their underlying goal for 

harmony with nature. In contrast, research by Cary and Wilkinson (1997) and Cary et al. (1993) have 

shown that New Zealand and Australian farmers tend to be primarily economically-oriented, rather 

than environmentally-orientated. This corresponds with motives of income, stewardship and conser-

vation as defined by Sinden and King (1988). Both motives, whether economically- or environmen-

tally-oriented show that values held by an individual will underlie their attitudes which are reflected 

in their behaviours (Bennett et al., 1999). Harmony with nature supports the achievement of sustain-

able development. 

Maintaining harmony with others is another important aspect in a Gunung Sewu farmer’s life. This 

further supports sustainability. According to the Javanese calendar, a week has only five days, and 

each village has its own market day. On this day, neighbouring villages may sell their produce in the 

village conducting the market. In Gunung Sewu, some people also may distribute their fruit free to 

neighbours, not because they are forced to, but to maintain social harmony. This contrast to other part 

of the world, such as in the hills of Nepal (Misra and Satyal, 1981), where subsistence farmers pro-

ducing fruits such as oranges, apples and pears, are forced either to consume all of their produce or 

distribute it free to their neighbours, due to difficulties in accessing markets and/or cold storage 

facilities.  

Another example of efforts to maintain harmony is observed during periods of the year when the 

farmers are particularly busy, as during land preparation and harvest. At these times (August–

September), there are insufficient labourers and hired help must be used. Although any hired labour-

ers are usually paid, in other cases, to minimise costs, neighbours group together and work each other 

fields (refer to Table 5.1) without payment.  

Sustainable development involves increasing people’s welfare and so also includes the requirements 

for human development. A remarkable feature of many village organisations in Java is that people 

tend to prefer a government official—in most cases a schoolteacher—as leader, reflecting the status 

associated with such a role and in line with their principle of respect (section 5.2.2). Such a person is 

viewed as the village intellectual, and is believed to know a lot more about the world because of their 
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access to newspapers and official correspondence; consequently they are assumed to have more 

knowledge as how to handle village affairs. This is reflected in the way farmers think about educa-

tion. They are willing to work hard to pay for their children’s education. They will go to extremes so 

that their children can have a better education than themselves. Respect for education and higher 

authority has encouraged these farmers to send their children to school at least until the ninth grade.  

Other than the direct development of social capital, sustainable development requires improvements 

in infrastructure to support resource development. Gunungkidul Regency did not previously take part 

in cash-crop development due to its marginal environment, so it missed out on the infrastructural 

works carried out in other Yogyakarta regencies (Nibbering, 1991b). However, the 1970s saw the 

beginning of a number of developments that have significantly changed the agricultural landscape 

and local living conditions. These include the development of infrastructure and transportation, 

higher agricultural productivity, tree planting, better water supplies, ameliorated health and nutri-

tional conditions, and expansion in education (Nibbering, 1991b). At present, there is a widespread 

network of reasonably good roads to the villages in Gunungkidul. Almost all villages are now acces-

sible by four-wheeled vehicles throughout the year and all districts are crossed by paved roads that 

link them to the district capital of Wonosari, as well as to the surrounding lowlands. Publicly-

operated generators provide electricity for private homes. Telephone communications are mainly 

used in public offices. Mail services are reasonably good. There is a post office in each district, and 

where there is no branch of the post office, local civil servants take care of the mail and deliver it to 

the addressee through the Head of Village.  

In summary, several factors provide the foundations on which to secure sustainable development: (a) 

cultural activities such as village purification; (b) cultural attitudes such as motives of harmony with 

nature and with others; (c) social development in the field of social capital and (d) the development 

of infrastructure. 

6.1.2 Unsustainable practices 

Most of the farming practices in Gunung Sewu encourage soil conservation. Due to the limited 

availability of water, most conservation efforts are oriented toward the soil. The conservation of soil 

quality may impact on the management of water quality. But whereas any increase in ground cover 

may benefit both soil and water quality, the increase in application of inorganic fertilisers may be 

disadvantageous with respect to the water quality. Due to the rapid infiltration of water in karst, 

rainfall may leach chemical nutrients in the soil into the ground water. Furthermore, in the longer 
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term, the application of pesticides or insecticides (although at present not much used) may rise, to 

support increased food production. Accumulation of chemicals from fertilisers and chemical sub-

stances may pollute the water which, in some villages, is taken directly from wells and emerging 

springs, thus increasing the associated health hazard. Consequently, although the increased use of 

inorganic fertiliser and pesticides might increase crops and fruit production, their use cannot be 

termed sustainable if it results in a deterioration of the soil and water quality. 

Some traditional views may inhibit sustainable resource management. The older farmers regard 

themselves as uneducated and ignorant or stupid (pers. comm.). Because they have maintained tradi-

tional ways and often have no secondary education, they often believe they lack the ‘know-how’ to 

adopt new management techniques. This inhibits change. It is not easy for farmers to accept new 

technologies or change their management techniques. They fear that new technologies may not be 

applicable to them and may be unsure that they really will produce higher yields. Such farmers are by 

tradition nature-dependent for food production. Difficulties in accepting innovations may hinder 

sustainable development, especially with regard to those innovations associated with post-harvest 

and the planting of new kinds of crops which could increase the economic welfare of the community. 

Believing that life is unfortunate but being willing to make it better is a useful basis to promote 

development, because willingness to make life better is an essential motivation for change. In con-

trast, cultural values which support the view that people live only to work are not compatible with 

development. In this latter context, farmers work hard to achieve what they need in life, but once 

they get what they need, the idea of working still harder to get even more is not understood or ac-

cepted because these farmers and farm households are not money-oriented. 

Many farmers in Gunung Sewu do not even attempt to acquire a cash income (field interviews). 

Rather, they store any surplus crops. If they should need cash they sell these stored crops or live-

stock. Hudson (1980) stated that peasants have no risk capital to gamble, so their whole strategy is 

geared to safety. In the same vein, Lado (1988:57) stressed that, “… farmers ‘play safe’ under risky 

and uncertain circumstances and apply the ‘minimax’ approach, i.e, a strategy of minimising poten-

tial losses rather than maximising potential gains, in their farming system where food production for 

subsistence is the main objective”.  

The rationale for this behaviour is of course that such farmers as in Gunungkidul do not need much 

cash. In the early 1960s Soemardjan (1962) showed that a large part of a farmer’s need for cash was 

to pay taxes. A second priority was to buy clothes. The purchase of kerosene, salt, and hand tools for 

farming came third. Today, priorities have changed and taxes now come last (Table 6.1). 
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Table 6.1 Percentage of Household Expenses in 1997 

EXPENSES Expenses per Household 

Food 41.87 

Housing, fuel, electricity and water 13.11 

Services (including school fees) 10.38 

Others 6.75 

Clothing 6.16 

Traditional functions 4.52 

Taxes and insurance 0.96 
 

Source : BPS Kabupaten Gunungkidul (1998) 
 

Another example of how cultural values can hinder the sustainable management of resources is the 

idea that farming is dull and uninteresting. This idea was implanted by the media in the minds of the 

young, especially those with higher education levels, who now consequently prefer to work behind a 

desk. If this attitude is maintained, the number of farmers in Gunung Sewu will continue to decline. 

This opens up the possibility of converting the current agricultural land area to non-agricultural 

purposes. Such a conversion would definitely have negative impacts on the physical landscape as 

more land would be converted which means less land cover. This will prevent less water infiltration 

into the karst, although if it involved tree-planting, it might also contribute to the greening of Gunung 

Sewu.  

6.2 Gunung Sewu Present Land Use System 

The challenge in managing Gunung Sewu, in line with sustainable development, is how to increase 

the welfare of the people while at the same time arresting or reducing further negative impacts on the 

land. Resources must be used to strengthen local farmers’ economic prospects, stabilise soil erosion, 

protect water resources and protect bio-diversity. The effective management of Gunung Sewu, espe-

cially in relation to water and soil conservation, depends on the farmers’ attitude toward conserva-

tion. Their attitude reflects their concerns about resource use and shapes their conservation actions. 

Their attitude also depends, at least in Gunung Sewu, on the availability of food and, in turn, food 

availability determines long-term cropping patterns. In these subsistence farming communities, the 

food production system is the key to understanding social attitudes and farmers’ decision-making, 

since farmers will not take any risk that could jeopardise the availability of food. Risk is only taken 

after subsistence demands have been met. 
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The farming practices in Gunung Sewu might not in some eyes be the best farming practices, but 

they are based on resource efficiency. In Gunung Sewu, there is efficient resource use in the sense 

that the use of one resource complements another. Lack of irrigation water can benefit or support the 

sustainable resource management, due to reducing dependency on inorganic fertiliser and maintain-

ing a fallow period which preserves soil quality. Furthermore, low income-generating cash crops 

stimulate a positive attitude to future income reserves by stimulating tree-planting and livestock 

ranching. 

Climate uncertainty and a dependence on nature have encouraged farmers to plant various different 

types of vegetation that have different harvesting periods. This allows the establishment and mainte-

nance of ground cover which protects the ground. The area’s infertile, thin soil has forced farmers to 

grow plants and trees wherever they can. This has encouraged agroforestry, silvopasture and agrosil-

vopasture practices that are all good for the maintenance of soil quality. Indeed, lack of resources in 

Gunung Sewu have motivated the population to maintain harmony with nature.  

Evaluating sustainable and unsustainable practices in the context of the cultural values underpinning 

such practices, suggests that agricultural land use in Gunung Sewu is inherently designed to ensure 

the effective resource use and provides a basis for sustainable management. It follows that develop-

ment that challenges these values may hinder sustainable resource management. Therefore, although 

it might seem that in Gunung Sewu, the lack of development resources or technologies such as 

irrigation water, or the provision of higher education might hinder sustainability, this is far from 

certain. Therefore, it is important to select indicators that can be used to judge whether the resource 

management system in Gunung Sewu is moving towards or away from sustainability, particularly in 

light of current ‘development’ trends. The indicator development process proposed here follows the 

PICABUE method (Mitchell et al., 1995) coupled with a system dynamics model. 

6.3 Sustainability Indicators 

6.3.1 Principles, definitions and objectives 

Principles and definition of sustainable development 

The first step in the PICABUE methodology is to define sustainable development as used in a partic-

ular context and determine the underlying principles involved. The working definition adopted 

derives from the popular view that links the quality of life and maintenance of ecological integrity. 

As explained in Chapter 1, this thesis focuses on the cultural dimensions of sustainable development. 
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These were further emphasised in Chapters 4 and 5 which showed that in Gunung Sewu, the family 

is more dependent on socio-cultural values rather than on socio-economic values. The working 

definition as stated in Chapter 1 is: 

The preservation of cultural values supporting the integrity of the landscape to protect water 
and soil qualities to ensure the perpetuation of economic welfare and the fulfillment of quali-
ty of life of the residents to achieve prosperous family. 

Indicators objectives 

As discussed in Chapter 1, there is a need to identify the most appropriate indicators to evaluate the 

sustainability of an area and guide any attempts to prevent land degradation or even reverse it. Indi-

cators should provide a means to judge a situation and to direct policies for sustainable management 

and regional development. This requires that they must be easily measured and interpreted. The 

indicators sought from this study are designed to be used at a local level to: 

(a) Assess the current sustainability status of Gunung Sewu. The indicators produced must be 

able to identify the limits of the biophysical environment as well as the current levels of 

community welfare. Therefore, a model is needed which can effectively portray the present 

condition of Gunung Sewu, taking into account both biophysical and socio-cultural factors.  

(b) Show the interrelationships between indicators. The complexity of ecological processes 

involves numerous feedback links between social, biological and physical subsystems. It is 

not possible to sustain one part of an ecosystem without influencing the other parts. For this 

reason, it is necessary to link all the subsystems, assess their interplay, and decide how to 

make the whole system sustainable. Therefore an improved understanding of the mechanism 

that links biophysical processes with the social response to these processes should provide an 

opportunity for improved environmental management. A study of the linkages between the 

sub-systems making up a system will provide better insights in identifying critical linkages 

and dynamic tendencies within the system, thus help in designing better indicators. 

(c) Identify sensitive variables to specify appropriate management action. The indicators 

produced must be able to specify those variables that are particularly sensitive to change and 

would thus pinpoint those areas with greatest ‘leverage’ in the system.  

6.3.2 Identification and selection of issues of concern 

The boundary definition and the problem (verbal model) were justified in Chapters 1 to 5, which also 

described system elements, functions and their interconnections. Data from these chapters suggest 
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that there are five interacting sub-systems making up the present Gunung Sewu land use system: 

water, food production, demography, income and culture. 

 
Food Production 

 

 

    

Water Demography 

Culture Income 

 

 

 

 

 

 

 

 

Figure 6.1 Interacting Subsystems within Gunung Sewu Present Land Use System 

Figure 6.1 above gives a generalised view of the basic model and depicts the interactions between 

each sub-system, based on the discussions developed in the previous chapters. As can be seen, each 

sub-system directly affects food production and the demography sub-systems. Consequently, these 

systems are crucial although, food production has the least direct influence on the other subsystems. 

On the other hand, culture is identified as the most influential sub-system within the current Gunung 

Sewu land use system in that it has the most direct input to other subsystems. Culture sub-system 

influences every other sub-system (the most outputs) within the Gunung Sewu resource management 

system, but has the least inputs from other sub-systems into its own sub-system, i.e only influenced 

by income sub-systems. 

In effect, the present land use system in Gunung Sewu describes the food production system in that 

every effort by farm households is ultimately aimed at food production. Perhaps surprisingly, the 

attitudes and perceptions of farmers reflect the continued significance of these in their resource 

management. This emphasises the importance of culture in resource management. Economy (in-

come) although important, is in turn influenced by culture, food production and water sub-systems. 

This highlights the area’s economic dependence on agriculture and any increase or decrease in that 

economy is filtered through the attitudes and perceptions of the community at large. 
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6.3.3 Construction of Indicators for Issues of Concern 

The third step in the indicator methodology is to identify those concerns relevant to sustainability and 

therefore those which merit indicator construction.  Each sub-system above represents local issues of 

concern, and is composed of many variables, from which sustainability indicators will be derived. 

The way in which these variables represent a system is critical to the dynamics of that system. A 

computer simulation model (Figure 6.2, see Technical Appendix for the equations) of the problem of 

resource management in Gunung Sewu was constructed based on the causal loops identified in 

Chapter 4. The system analysed is described in terms of stocks (levels), flows (rates), converters 

(auxiliaries) and the feedback loop formed by these variables. Stocks describe the condition of the 

system and would continue to exist even if the flows in the system were halted. Flows are the 

changes to the stocks that occur over a period of time and cannot be observed at any single point in 

time. Converters are intermediate variables including constants, graphical relationships and beha-

vioural relationships and if desired, can be substituted in the flow equations. They break complex 

flow into simpler components and make the model easier to understand. Water is treated as an ex-

ogenous factor, the water sub-system is not included as its own stock. 
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Figure 6.2 Gunung Sewu Resource Management System Model 
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Food production sub-system: 
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Figure 6.3 Food Production Sub-system  

Food production in Gunung Sewu provides little surplus and is directly dependent on crop yields. To 

a significant extent, subsistence needs and the need for reserves govern the production process. Any 

pull of labour to employment outside the area decreases total food production. Since the productivity 

of the land is low, yields are boosted by the application of fertilisers. High-yielding varieties and 

improved food technology may also be used to enhance the amount of food produced.  

With the development of technologies such as high-yielding rice varieties, fertilisers and irrigation 

(for non-karst areas), food consumption in Gunung Sewu now currently consists mainly of rice. As 

noted earlier, cassava is still eaten by many of the older generation because they are used to it, or as a 

supplement to rice, while in some areas a few small-landholding and landless farmers still consume 

corn in addition to cassava and rice. These people don’t have enough land to plant rice. Therefore the 

model assumes that food consumption is based on cassava and rice. Food consumption within any 

subsistence system is directly linked to production. Consumption of food is related to its availability. 

If production is low, consumption will be lowered. Higher production induces higher consumption 

generates a surplus to sell. 

The volume of rice available depends on the quality of the harvest. In turn, the quality of the rice 

harvest influences cassava consumption. If the rice harvest is good, there is less dependence on 

cassava. Furthermore, if people have higher incomes, cassava consumption is less, because people 

166 



 Chapter 6 

have more money to buy rice. Mubyarto (1989) concluded that if the income of the people of Gu-

nungkidul increased by 10%, then rice consumption would increase by 24%.  

Income sub-system: 

Several different activities provide the major sources of cash income in Gunung Sewu: crops, timber, 

fruit, fuelwood and off farm jobs. Not surprisingly rural income derived from crop produce, makes 

up the major portion of the total annual household income. Conforming to the safety-first principal of 

subsistence farming, one can only participate in cash sales after subsistence needs are met. Income 

affects the population’s education level and helps determine the technologies used. The more income 

a family has, the better the chance of sending the children to school. In turn, education influences 

attitudes to innovation. 
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Figure 6.4 Income Sub-system 

Demographic sub–system: 

To test the model, the population in Gunung Sewu was divided into three groups: those up to 14 

years (youth), those 15-44 years (adult) and those 45 and over (middle aged). Those aged under 15 

mostly still live in the area and go to school in the area. Those aged 15-44 are in their most produc-

tive years. After finishing high school, most move to cities, and those who are able to pay university 

167 



 Chapter 6 

fees go to the cities to pursue higher education. This leaves people aged 45 and over to work on the 

land. The majority (99%) of correspondents were in their 40s. 

The population in Gunung Sewu increases through birth and decreases through death and out-

migration. It is argued that rapid population growth is largely a result, not of high fertility, but of 

declining mortality and increasing life expectancy (Uitto, 2000). The main determinants of fertility 

include the prevalence of poverty, infant mortality, the status of women, and education, especially 

that of females. Infant mortality and family planning influence the total number of children who 

reach 17 years. Infant mortality is also highly dependent on the available food and water. This im-

plies that couples are reluctant to limit birth rates, thereby increasing the chance of the desired num-

ber of children reaching maturity (see section 5.4.4 for discussion on the number of children). Any 

increase in population causes higher pressure on the land, especially on the availability of food. 

Families living in areas with a limited water supply generally have lower incomes due to the reduced 

productivity of their land and their low education levels. Lowering population growth in the area 

would not be enough to secure adequate food output as this is ultimately limited to the availability of 

water. Therefore, people feel that they must limit the number of children they have in order to have 

healthy offspring. As the birth rate decreases, the population also decreases. A decrease in population 

growth is also enhanced if there is a decrease in mortality. Water contamination also has a direct 

effect on the safety of food, as it too influences the mortality rate. Equally, cleaner water and food 

increase life expectancy. 

Out-migration is encouraged by increasing levels of education and exposure to modern life. This 

leads the productive age group (15-44 years) to conclude that farming is uninteresting and that get-

ting jobs in the cities increases their prestige and income. Therefore out-migration is causing people 

to leave the land and seek off-farm jobs to try and find a better life in the city. 

 

168 



 Chapter 6 

169 

Education_Level

Population

Direct_Water_Supply

Crops_Consumption Youth_Aging

Education_Level

Effect_on_Age

Infant_Mortality

Effect_of_Food
Effect_of_Family_Planning

Family_Planning

Effect_on_Birth

Effect_of_Water

Auxiliary_239

Effect_of_Outmigration

Youth Adults Middle_Aged

Death_Rate_Youth

Death_Rate_Adult

Youth_Death

Births

ractional_Birth_Rate

Duration_Adult_Age
Duration_Middle_AgedAdult_Death

Middle_Age_Aging Deaths

Contant1

Normal_Life_Expectancy

Life_Expectancy

Food_Per_Capita

Out_Migration

Effect_on_Rate_of_Outmigration

Need_of_Higher_Income
On_Farm_Income

Interest_in_Traditional_Farming

Migration_Rate

 

Constant_234

Stock Auxiliary Constant_PhotocopyAuxiliary_PhotocopyStock_PhotocopyGraphical_RelationshipConstant Flow  

Figure 6.5 Demographic Sub-system 

Culture sub–system: 

Cultural values are a key aspect of the life of the people in Gunung Sewu, and play a significant role 

in the way they use resources. These values are imbedded in their lives through inter-generational 

beliefs, which have evolved from inherited traditions and life philosophies as well as from their 

natural environment. An integral dependence on nature coupled with environmental uncertainties has 

resulted in long-established, traditional ways of farming. These are the means whereby people cope 

with nature. For generations, farmers have recognised that there are certain things against which they 

have no power. Yield fluctuations and the small size of their landholdings increase the risks they 

face.  

These risks are also why farmers think twice before agreeing to innovate. Fear of losing their harvest 

slows any motivation to change. However, demonstrated evidence of benefits would increase adop-
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tion. When someone from the family or a neighbour successfully tries something, others are less 

reluctant to innovate. 

Innovation in Gunung Sewu is usually associated with either a new seed variety or some conserva-

tion techniques. Adopting a new conservation strategy starts with a willingness to adopt. Because 

their lives are so heavily dependent on nature, farmers almost automatically attempt to conserve 

resources. These include the use of techniques such as terracing and fertilisers. Fallow is not included 

as it is unclear whether farmers practise fallow because they recognise its importance for soil conser-

vation or simply because they are waiting for the rains to come and resting the land to allow them to 

migrate and take up seasonal off-farm work. 
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Figure 6.6 Cultural Sub-system 

170 



 Chapter 6 

Despite the strong cultural values transferred from generation to generation, the Gunung Sewu is 

experiencing cultural erosion. While inherited traditions encourage the maintenance of spirit and 

matter, increasing outside influences are tearing these two elements apart, emphasising the second 

and creating a desire for more material goods which frequently do not reinforce the relationship with 

nature and community. Infrastructural developments within the area have resulted in the building of 

more schools, roads and the like, and increased the material quality of life. These changes increase 

the exposure of the population to the attractions of an urban lifestyle. Television, radio and newspa-

pers have increased such exposure. Higher education levels have also increased status-consciousness 

among the young, with the result that they think farming is boring and associate it with the lower 

f the young seek upward social mobility and search for employment in the 

es are varied over a reasonable range. This process, sensitivity analysis, aims to identi-

 

understanding increased. Given a model of a dynamic 

system, the values of the input variables determine the behaviour and the final output of the system. 

 

classes. As a result, more o

city, increasing the number of people engaged in off-farm work. 

Validation of the model 

The indicators are selected from the variables included in the sub systems discussed above. If the 

model is to be used with confidence, then it is important to know how it will behave if uncertain 

parameter valu

fy sensitive parameters (Coyle, 1996). However, prior to performing this analysis, the model must be

validated in order to have sufficient confidence in its “soundness and usefulness” (Forrester and 

Senge, 1980). 

As we move towards models that represent people, their decisions, and their reactions to the envi-

ronmental pressures, it is essential to remember that these are relative rather than absolute measures 

of model utility (Forrester, 1968). Their representation cannot be defended as ideal, but as an aid in 

clarifying thought and capturing and recording what we know. The result of a dynamic systems 

model should first be compared with what one would intuitively expect. If there is a divergence, then 

the model can hopefully be improved and 

Therefore, confidence in the final result relies upon, not only the validity of the model, but also on

the eventual uncertainty of the input model. 

Consequently, the validity and usefulness of dynamic models should not be judged against an imagi-

nary perfection, but in comparison with the mental and descriptive models, which we would other-

wise use. Forrester (1990) stated that dynamic models should be judged by their clarity of structure 

and in comparison to the confusion and incompleteness so often found in a verbal description; by 
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whether or not its underlying assumptions are more clearly exposed than in the veiled background of 

our thought processes; by the certainty with which they show the correct time-varying consequences 

compared with the unreliable conclusions often reached by extending our mental image of system 

structure to its behavioural implication and by the ease of communicating their structure compared to 

 model 

 study. The relationships within each parameter in the 

model are based on the underlying assumptions resulting from discussions in previous chapters. The 

g Sewu land use system 

e agricul-

tural production system in a karst area, as well as between social, cultural and economy. The model 

nable development in Gunung Sewu, since it is 

riables measured, should be convert-

able to the dimensions of the input variables. All the equations in the model were subjected to dimen-

the difficulty in conveying a verbal description. This is similar to more recent suggestions of

validation by Coyle (1996: 96-97). The Gunung Sewu model can be subjected to these tests for 

validation, as briefly summarised below: 

a) The causal loop diagram must correspond to the statement of the problem 

The causal loops diagram for the Gunung Sewu resource management model provided in Chapter 4 

corresponds to the problem statement outlined in the introduction to this thesis. Confirmation that the 

causal loop diagram corresponds to the problem statement is reinforced by the qualitative analysis of 

the feedback loop in the causal loop model section (Chapter 4). The model represents relationships 

that are relevant to the purpose of the system

resulting diagram is an easier way of communicating the structure of Gunun

than described verbally in Chapters 3-5.   

b) The equations must correspond to the causal loop diagram 

A close inspection of the model equations (see Technical Appendix) contained in model develop-

ment reveals that the direction of the relationships in the causal loop diagram matches the direction 

of the relationships in the computer model. However, the causal loop diagram contains fewer va-

riables and details than the stock flow diagrams, which form the basis of the detailed model equa-

tions. Nevertheless, this process revealed a few key linkages that were incorrectly placed. These 

errors were corrected and finally a correspondence was confirmed between the causal loop diagram 

and the model equations. The model formulation corresponds to the purpose of system study, that is 

to perceive, acknowledge and appreciate the dynamic interactions between people and th

provides the required information regarding sustai

based on the analysis of the condition of Gunung Sewu as discussed in previous chapters.  

c) The models must be dimensionally valid 

This means that the dimensions (units of measurement) of the va
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sional analysis. Under this test, the unit of measure for each parameter is defined in the software and 

corresponds to the quantification statement of each parameter.  

gement model shown in the model development 

section has been documented. This involves explaining the nature of the relationships for each equa-

on is given for each parameter as shown 

 

 

use in this thesis has a qualitative dimension, the emphasis when they are run is placed not on the 

 test – behaviour validi-

ty). Therefore this validation test is not applicable to the Gunung Sewu resource management model. 

reproduced in the model, past data were used as 

f the model and the preliminary valida-

tion runs demonstrate the stability of the system. 

y of a variable should be accounted for, including that which has entered and left the 

system together with what remains. This involves a thorough check on the stocks and flows in the 

values in the graphical 

input relationships to one (Figure 6.7 – 6.10). This was designed to examine the behaviour of the 

base case in equilibrium. For each sub-system to produce a steady state stock, the inflows to stock 

were set to equal the outflows at the beginning of the simulation run. 

d) Determining whether each equation in the model has been fully documented 

Each equation in the Gunung Sewu resource mana

tion and the assumptions underlying them. This documentati

in the equations section (see, Technical Appendix).

e) The model must not produce any unrealistic values 

This is checked by graphing the main variables in the system by means of a simulation run and

printing out all variables as a table (Maani and Cavana, 2000). However, since the dynamic model 

quantitative values but on the behaviour of the variables (see next validation

f) The behaviour of the model must be plausible (behaviour validity) 

The model outlined in the previous section was built up step-by-step with the graphical and tabular 

output checked at each stage. To establish that the possible initial and exogenous conditions characte-

rising the dynamic behaviour of the system are 

inputs and simulated for a stated period. The base case run o

g) The model should maintain ‘conservation of flow’.  

The total quantit

system, and a careful analysis of all graphs and tables of the stocks and flows generated by the 

model. 

Once the initial model (base case) was developed, all the growth factors and behavioural graphical 

relationship were neutralised by setting the growth rate to zero and all the 
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Figure 6.7 Steady State Equilibrium Run for Demography Sub-system 
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Figure 6.8 Steady State Equilibrium Run for Culture Sub-system 
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Figure 6.9 Steady State Equilibrium Run for Food Production Sub-system 
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Figure 6.10 Steady State Equilibrium Run for Economy Sub-system 

Once the steady state run was achieved (shown by horizontal lines if the variables are simulated), the 

next step is to run the base case. This involves first putting in provisional values for the parameters, 

to try and reproduce the general pattern of the system. Since cultural indicators are difficult to quan-

tify, a range is used: 1 representing the weakest and 10 the strongest. More accurate and detailed 

parameters values were obtained later and e inserted into the model. Since the model is design to 

achieve social sustainability, its focus is not on the quantity of the variables but on graph behaviour. 

This is in line with Mitchell et al. (1995), who stated that sustainable development is change in 

quality not in quantity. Some of the produced behaviours using the base case values are shown below 
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in Figures 6.11-6.13. These graphs show that within a specified (short) time-frame, there is, as ex-

pected, a slight increase in the people’s income, total crop consumption and an almost steady popula-

tion growth. 
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Figure 6.11 Base Case Graphical Output for Economy Sub-system 
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Figure 6.12 Base Case Graphical Outputs for Food Production Sub-system 
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Figure 6.13 Base Case Graphical Output for Demography Sub-system 

6.4 Augmentation of Indicators by Sustainability Principles 

The variables in the models are largely descriptive of sustainability concerns. They are potential 

sustainability indicators as they are important for the dynamics of the system and are derived from 

quality of life issues, which are central to sustainable development. The desired indicators must also 

specify purpose as well as clearly define the objectives of indicators development, i.e., able to show 

the interrelationships between indicators to diagnose cause and effect, assess status and act as causa-

tive agent for human development, as they will be used to judge whether a system is moving toward 

sustainability or away from it. Since the indicators are derived from a system dynamic model, all of 

them show the interrelationship between indicators. Based on these objectives, the potential indica-

tors selected are: 

a) Assess current condition – indicators must be able to show the limitations of the bio-

physical environment as well as current status of human welfare. Variables to be moni-

tored for this purpose include: 

• Rice consumption - the prestige value of rice and its higher calorific value compared 

with other crops, is an indicator of people’s welfare. 

• Crop consumption – the consumptions of crops other than rice (cassava) suggest the 

status of the local welfare condition. Cassava in an inferior food to rice and consi-

dered as the diet of the poor. 

• On-farm income – indicates the extent to which local natural resources provide for 

the economic welfare of people.  
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• Outmigration - assesses the condition of those biophysical limitations that force 

people to migrate outside the area to seek off-farm work. 

• Births - reflects the health (and thus social welfare) of the area and determine popula-

tion growth. 

 
b) Causative agents for management actions – indicators must be able to show the poten-

tial of human resources development in sustaining the source of livelihoods 

• Soil conservation effort - the willingness to maintain and protect soil and water quali-

ties 

• Interest in traditional farming - shows the potential of employment and on-farm in-

come opportunities (since Gunung Sewu is an agricultural area) 

• Education level - provides the base for the development of human resources 

• On-farm income - forms the driving force for the destructive effect of resource ex-

ploitation as well as the driving force for resource sustainability and human welfare. 

 
c) Show interrelationships between indicators. All potential indicators show the interre-

lationships between them. The indicators are derived from a model where feedback loops 

are a basic element and therefore can diagnose cause and effect. 

  
However, in order to choose sustainability indicators, a further filtering is required. Through the 

fourth step of the PICABUE methodology, the indicators must be modified with reference to prin-

ciples embraced in sustainability, i.e. futurity, equity and environment (Mitchell et al., 1995), al-

though not all need to be augmented by all principles.  

Principle 1: Futurity (intergenerational equity) is concerned with the effect of current human activi-

ties on the ability of future generations to meet their needs and aspirations. The indicators belonging 

to these are:  

• Soil conservation effort – shows the willingness to conserve natural resources which 

ensure the futurity of natural resources and people’s livelihoods which are dependent 

on the available natural resources. 

• Interest in traditional farming – currently the only available basis for daily survival is 

from dryland (rain-fed) agriculture. The interest of the current generation in continu-
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ing traditional farming will determine their long-term survival and capacity to meet 

their basic needs in the area. 

 

Principle 2: Social equity (intragenerational equity) demands greater equity in the distribution of 

quality of life among current generations. Sustainable development seeks to avoid significant inequi-

ties. Mitchell et al. (1995) stated that it is necessary to disaggregate people into appropriate social 

groups. Since the model is being applied to Gunung Sewu the indicators already relate to certain 

social groups. The referenced indicators for this principle are:  

• Births – determines the future composition of youths (below 15 years) compared to 

adults (between 15-45 years) and middle aged (above 45 years) 

• Outmigration – demonstrates the future age composition of the population  

• Rice consumption – demonstrates the welfare level of the population  

• Crop consumption – demonstrates the food purchasing ability of the population 

• Interest in traditional farming – demonstrates differences in interest in becoming tra-

ditional farmers and maintaining the current the current farming system 

• Education level – divides the population by level of educational achievement 

• On-farm income – reflects the economic wellbeing of the population 

 

Principle 3: The environment, the indicators need to show how close human activity is pushing an 

ecosystem to its threshold limit. 

• Soil conservation effort – efforts in conserving soil and water will increase  

• On-farm income – need for more on-farm income means more pressure on the land to 

increase its production. This will include increased use of fertilisers, pesticides etc, 

which could have negative impacts on the enviroment. 

• Crop consumption – Increased crop consumption means more pressure on the land to 

produce   

• Births – population growth is determined by the number of births which affect carry-

ing capacity of the land. 
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6.5 Boundary Considerations 

Consideration should be given to the spatial units to which the indicators relate, and consequently, 

boundary considerations are the fifth step in the PICABUE method (Mitchell et al., 1995). Fresco 

and Kroonenberg (1992), also add the importance of time scales. Because the aim of the study is the 

development of social welfare while maintaining environmental integrity, the indicators should be 

applicable at a local level within Gunung Sewu. Since the model is produced from a mental model of 

the present condition of Gunung Sewu resource management and related feedback relationships 

between all sub-systems, the variables are of local concern.  

Furthermore, since it is based on a dynamic model, each parameter has time scales. Local sustainabil-

ity means having limited time and space that are important if we want indicators that can evaluate the 

sustainability status of an area. Fresco and Kroonenberg (1992) further emphasise that sustainability, 

is a relative value and that a system is sustainable up to a certain degree over a certain period of time. 

The ecological and social components of systems operate on significantly different scales. The eco-

logical feedbacks are generally long both in time and space, whereas socio-economic feedbacks are 

rather short (Miller, 1992). This reflects the fact that communities are dynamic and easily altered 

through exposure to urban living. Since the focus of this thesis is on the social components of a 

system, the time scale is simulated only for a short period that is only for 10 years (see Figures 6.11-

6.13).  

6.6 Uncertainty Considerations 

A requirement for sustainability indicators is that they must consider issues of uncertainty. This is the 

sixth step in the PICABUE methodology (Mitchell et al., 1995). According to Mitchell et al. (1995), 

uncertainty in indicators arises from three causes: little or no knowledge of critical limits in systems, 

incomplete or poor data sets with low level of confidence, and unpredictable behaviour in systems. 

This is in line with the system dynamic model, where the confidence in the final result of the model 

relies upon not only on the validity of the model, but also on the eventual uncertainty of the parame-

ters acting as inputs to the model (Forrester, 1990). Some parameters are able to affect the behaviour 

of the model if the value or values are altered. Furthermore, some values were based on estimations 

due to imprecise or uncertain informations. Thus these parameters are called sensitive parameters 

(Maani and Cavana, 2000).  The sensitivity of the indicators to the sustainability of the system is 

determined by these parameters. Sensitive parameters are derived from sensitivity analysis of the 

developed model.  
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6.6.1 Sensitivity analysis 

It is important to know how the model behaves when parameter values are varied over a reasonable 

range. This is also a means to identify sensitive parameters, which in this thesis are the main parame-

ters that cause immediate change to the sustainability indicators. Sensitive parameters are parameters, 

which when changed, significantly alter the behaviour of the model. The main purpose of sensitivity 

analysis is to find the key leverage points in the system that is the points where small changes to 

parameter values cause considerable changes in the behaviour of the model.  

The value changes can be checked against single variables or combinations of several variables. 

However, for the purpose of this thesis, the sensitivity analysis is conducted only for single changes. 

This is to allow identification of the most sensitive parameters. In system dynamic models, system 

changes depend on these sensitive parameters; thus they are very significant to the indicators. 

The older means of performing sensitivity tests in system dynamic models was to simulate the model 

with each altered parameter or graphical relationship changed one at a time. The graphical behaviour 

and the numerical results for the main variables of interest were then examined. However, the current 

means of performing sensitivity analysis uses Powersim Solver (Powersim Corporation, 1996), which 

is a software that performs sensitivity analysis on the Powersim model, in this case using Monte 

Carlo simulation and tested using computer runs. The input to Powersim Solver is the statistical 

descriptions of the input values specified by their distribution parameters. Although in this way, the 

analysis can be performed faster, it is not possible to print out the sensitivity analysis, and only the 

final results are shown (Table 6.2).  

Sensitivity analysis is used to calculate the likelihood of the outcome of different scenarios by chang-

ing the value of the parameters and checked against the target variables. In this thesis these are the 

indicators of the sustainability of the system. Although the Monte Carlo method allows several 

parameters to be changed at once, for the purpose of this study, and in line with the objective of the 

model building, the sensitivity analysis is only done on a one-to-one basis. That is, the value change 

of each parameter is simulated to see its effect on each target variable. Naturally, there are very few 

parameters that act in isolation in influencing other variables. Therefore, if a variable shows a change 

in value outside an accepted value with an altered value of a parameter, this means that the variable is 

sensitive to changes in that parameter.  These sensitive parameters are the ones that must be taken 

into considerations when looking for the root of the problem. Because parameters form the boundary 

of the system, any outside or external interference affect these parameters. Thus it is very important 

to look for parameters that can cause immediate changes to the indicators, as when an indicator starts 
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to change in an unexpected way, management should look into which sensitive parameter(s) is or are 

causing the changes, in order to achieve the desired behaviour. 

Table 6.2 Sensitivity Tests Results: Performance Measures and Input Parameters 

Performance measures 
(Indicators) 

Inputs Parameters (Sensitive Parameters) 
Culture 
Sub-system 

Demography Sub-
system 

Economy  
Sub-system 

Food Production 
Sub-system 

Soil conservation 
effort 

Respect principle 
Rukun principle 
Short term benefits 

_ _ _ 

Interest in traditional 
farming 

Information delay _ Off- farm jobs _ 

Education level - - - - 
Births Exposure delay 

Respect principle 
Rukun principle 
Urban exposure 

Family planning 
Fractional birth rate 

 HY Rice 
Percent crops con-
sumed 
Pests 

Outmigration Exposure delay 
Information delay 2 
Information delay 3 
Prestige 
Rukun principle 
Urban exposure 

 
_ 
 

Off- farm jobs 
Price of crops 
Standard income 

Percent crops sold 

Rice consumption Respect principle 
Rukun principle 

_ 
 

_ HY Rice 
Percent crops sold 

Crops consumption Respect principle 
Rukun principle 

_ _ Percent crops con-
sumed 
Pests 

On-farm income _ _ Price of crops 
Total individual 

_ 

 

The model performance was not particularly sensitive to small changes in the parameters in the 

demography sub-system. However, this does not suggest that these parameters are unimportant, but 

rather that small changes to base values do not produce any significant changes to the model’s over-

all performance. The sensitive parameters in the demography sub-system only affect the variables 

within this sub-system. Furthermore, education level is not sensitive to small changes in any sub-

systems. On the other hand, as expected, the model is highly sensitive to small changes in the pa-

rameters of the culture sub-system. Although the model is a close system for the sake of the bound-

ary of the model, in reality the model is open to external factors that can cause change in the system 

behaviour, and thus is always vulnerable to uncertainty. 

Based on the above sensitivity analysis, there are 18 indicators, i.e.: respect principle, rukun princi-

ple, short-term benefits, information delay 2, information delay 3, exposure delay, urban exposure, 

prestige (culture sub-system); family planning and fractional birth rate (demography sub-system): 
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off-farm jobs, standard income, price of crops, total individual (economy sub-system); and HY rice, 

percent crops sold, percent crop consumed, pests (food production sub-system).  

6.7 Evaluation of Sustainability Indicators  

The seventh step or the last step in the PICABUE methodology is evaluation of the sustainability 

indicators. There are seven criteria for assessing desirable indicators (Mitchell et al., 1995), although 

it is also recognised that indicators are unlikely to meet all seven criteria (1) relevant to the issues of 

concern and scientifically defensible; (2) sensitive to change across space and across social groups; 

(3) measurable; (4) sensitive to change over time; (5) supported by consisted data; (6) understandable 

and expressed in a way that makes sense; and (7) identify targets and trends that allow progress 

towards or away from sustainability to be determined.  

6.7.1 Relevance and scientific validity 

The model is built upon the perception of the issues governing the area. The model is subdivided into 

components and an understanding can be gained concerning the state of the whole system by looking 

at the indicators for each component/issue. The model takes into account the perspectives on resource 

management of local residents and thus pays attention to their needs. Therefore the indicators pro-

duced are also of relevance to the goal and objectives of regional and local governments, which 

emphasise the achievement of physical, economic and social welfare. 

6.7.2 Sensitivity to change across space/groups 

Indicators should be sensitive to change across space or social groupings. The model is based on the 

perception of the Gunung Sewu people and social condition of the local population of Gunung Sewu. 

Therefore the indicators can be applied to other locations with similar cultural conditions although it 

might not be applied to other populations with different social conditions. 

6.7.3 Measurable  

Indicators should be measurable in the available time. Measurement of the indicators is determined 

by sensitive parameters (Table 6.2).  
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6.7.4 Sensitivity to change over time 

The indicators are derived from a system dynamic model, which basically is sensitive to change over 

time. Furthermore, based on the sensitivity analysis (Table 6.2) the designed sustainability indicators 

show certain degrees of sensitivity to slight perturbation in other parameters. Sensitivity to changes 

in time is important in designing indicators to reflect trends and conditions (whether stable, improv-

ing or deteriorating).  

6.7.5 Consistency of data 

The indicator should be supported by sufficient data to show trends over time. Annual data on sensi-

tive parameters are available in the Regency and Sub-district statistical yearbook. While the cultural 

parameters are more difficult to quantify data and information from research on the Javanese culture 

can be use and information can be gathered through interviews. 

6.7.6 Understandable and comprehensible 

The desired indicators should be easily understood by the target group, in this case the local and 

regional governments. System dynamic modelling is a way of converting reality into an easily under-

stood mental model that can be kept as simple as possible without omitting significant / major deter-

minants in the system. Therefore indicators produced from such model should be easily understood. 

The target user-group should understand the interrelationships between all the variables within the 

system. 

6.7.7 Possible target or threshold values 

According to Mitchell et al. (1995) indicators should have target values that identify desirable condi-

tions and threshold values that identify problems. There are eight identified sustainability indicators 

for Gunung Sewu resource management, i.e: soil conservation effort, interest in traditional farming, 

education level, births, out-migration, rice consumption, crops consumption and on-farm income. 

Each of these indicators is accompanied with parameters to which they are very sensitive. The indi-

cators show the interrelationships between them as feedback relationships. They also meet the objec-

tive of assessing the current condition of sustainability of the resource management system and show 

the potential of human resources development in sustaining their source of livelihood. 

The consumption of rice and other crops such as cassava and corn to meet daily needs as well as on-

farm income shows the level of social and economic welfare within the area. Since Gunung Sewu is 
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an agricultural area where most of the residents live as farmers, their income is highly dependent on 

farm produce (on-farm income), while farm produce determines their social welfare. Rice is a nov-

elty in the area and viewed as high-class food. Therefore rice consumption reflects the social status in 

the community. Families with higher incomes are able to buy more rice since rice is planted only for 

subsistence purposes, because the total amount of rice harvest is only enough to supply families 

needs. 

The rate of outmigration from the area demonstrates the biophysical limitations imposed on the 

population. The higher the rate, the greater the limitations. A high rate suggests that agriculture is not 

providing adequately for the local people and that more are migrating to seek off-farm work. Births 

reflect the make-up of the population and predict future population growth. Population determines 

food production in the area and thus determines social welfare. 

The potential of human resources development to sustain the source of livelihoods is shown in the 

efforts for soil conservation, as these efforts show the willingness of the population to conserve the 

already limited soil. The education level in the area reflects the development of human resources, but 

the education level is also a reflection of the exposure of the population to urban values. This also 

influences the current generation’s attitude to traditional farming. If more young people take less 

interest in traditional farming, then they must look for alternative sources of work and income.  

6.8 Sustainability Indicators for Gunung Sewu Resource Management 

The approach to the design of sustainability indicators in this thesis started with an understanding of 

the current conditions and local issues around Gunung Sewu resource management. Using these 

issues, important variables were developed and used as indicators for a specified sub-system. The 

indicators then underwent several steps to construct a few composite indicators, identified as sustain-

ability indicators for the system concerned, where each is influenced by several sensitive parameters. 

Therefore in the case of Gunung Sewu, a few indicators can be used as tools for communicating the 

state of the resource management in the area. These indicators enable us to gain an understanding of 

the complex system of resource management in Gunung Sewu. Furthermore, these indicators have 

been tested and they are very sensitive to small changes in certain parameters.  

Indicators are able to communicate the condition of Gunung Sewu. Rice consumption shows the 

welfare level of the population.  Therefore rice sonsumption will indicate the state of the social 
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sustainability status of the area. Due to its prestigious value, people are willing to buy rice if they 

have more income. Based on the interviews, more people consume rice now than in the past.  

The outmigration rate shows the number of off-farm jobs available. People want to look for off-farm 

jobs if income from on-farm work is not adequate. In this way, outmigration reflects the economic 

sustainability of the area. Outmigration also indicates the state of social sustainability, as exposure to 

urban life will increase the transfers of information and technology, thus supporting human resources 

development. The outmigration that occurs in Gunung Sewu is seasonal migration where the men 

usually migrate to cities during slack season (July-September) in order to receive more income.  

During periods of drought, men look for off-farm work in urban areas. Without outmigration for off-

farm work, the population is dependent on farm work. With the current low yield of crops, a high 

dependence on farm works forces the population to exploit the environment more and more and this 

will eventually deplete the soil. In this way, farm income may also reflect the state of the ecological 

sustainability of the area.  

Population growth has an impact on the carrying capacity of the land. With steady crop yields and 

limited ability to extensification or intensification, a steady growth in yields is required. An alterna-

tive is to minimise births. This strategy has been applied by the people of Gunung Sewu for some 

time. They have followed the family planning programme with its famous slogan, “Two is enough”. 

By following this programme, most families in Gunung Sewu, especially in the karst areas, have an 

average of only two, and this has maintained stable population levels. 

Soil conservation efforts show the willingness of the population to conserve its natural resources. 

Therefore soil conservation efforts demonstrate the state of ecological sustainability. People are 

currently more dependent on manure than fertiliser for non-rice crops, and still heavily dependent on 

fertiliser for rice. Based on the interviews, more people are depending on manure as they feel that 

manure application decreases pests. However, people are also turning back to manure due to the high 

price of fertilisers. Increased application of manure is more environmentally-friendly than fertiliser. 

Therefore soil conservation efforts can be used as an indicator for the extent of ecological sustain-

ability. 

As agriculture dominates the area, development in Gunung Sewu is dependent on the maintenance of 

traditional farming. However, due to exposure to urban living and higher education levels, the inter-

est of the younger generation in farming has decreased. This can be shown by the fact that the aver-

age age of farmers is over 40. If this continues, agriculture will decline, and future social welfare 

would be thrown in doubt. Interest in farming reflects the state of the local social welfare.  



 

Chapter 7  
CONCLUSIONS: RESEARCH FINDINGS AND CONTRIBUTIONS 

TO RESOURCE MANAGEMENT SUSTAINABILITY 

7.1 Resource Practices in Gunung Sewu Karst 

The Gunung Sewu Karst Region is characterised by poverty and a lack of water. Since its initial 

settlement 200 years ago, the village-based farming system has undergone little change. The popula-

tion remains dependent on rain-fed farming. Since employment in the area is basically agricultural-

based, most of the population’s daily needs (dietary and income) are derived from farm produce. 

Although infrastructural developments have occurred, the two primary resources for farmers’ sur-

vival, soil and water, have been only minimally developed. With biophysical limitations, i.e. no 

water for irrigation and a thin productive soil, land productivity in the area is low and levels of eco-

nomic welfare are low. Low levels of social welfare are highlighted by the continued dependence of 

part of the population on cassava, a crop associated with the diet of the poor. Rice is viewed as a 

superior food in Gunung Sewu because it can be harvested only once a year, during the rainy season. 

Deforestation during the early days of settlement and especially during the Japanese occupation in 

the 1940s enhanced soil erosion and surface runoff. Due to water limitations, and already faced with 

limited natural resources, the people cultivated the soil intensively. The need to survive forced the 

farmers to behave in this way and this has aggravated soil depletion and rocky desertificationn, 

charactertistic of so much of Gunung Sewu today. 

Due to the biophysical limitations of the area, the people have developed their own distinctive pattern 

of land use and income strategies to cope with the severe conditions and environmental uncertainties 

they face. Governed by their traditional philosophy of life and cultural beliefs, they have established 

their own survival strategy and adaptations to the biophysical limitations of the area. These adapta-

tions, physical, cultural and social, are increasingly unable to fully compensate for increasing land 

degradation but do, in a sense, buy time, for further means of adaptation and improvement to be 

developed and implemented. 

This mental model of the current resource practices in Gunung Sewu is simplified in this research 

into a computer model based on a systems approach which recognises that all systems are dynamic in 

nature. System dynamics offers a new perspective on the relationships that influence the behaviour of 

the Gunung Sewu resource management system. It allows the study of the relationships between all 
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the variables making up the system, recognising the cause and effect within the system, and how 

each sub-system interacts with the others. There are five interacting sub-systems within the total 

system of resource management in Gunung Sewu: water, food production, demography, economy 

and culture, with culture as the most influential (because it has the most inputs into other sub-

systems) yet the least influenced (because it has the least inputs from other sub-systems). However, 

water is treated as an exogenous factor due to uncertainties concerning its availability. The variables 

making up each sub-system can be considered as indicators for the system, because they are the main 

variables that influence the dynamics of the system. 

Systems dynamic modelling coupled with steps from PICABUE methodology are used to arrive at 

sustainability indicators. Sustainability indicators were derived from the variables within the system 

that correspond to the objectives of the indicator development, i.e. to assess current condition of the 

area, show interrelationships between indicators and act as causative agents for management actions. 

(refer to section 6.4). These indicators are soil conservation effort, interest in farming, education 

level, outmigration, births, rice consumption, crops consumption and on-farm income. Each of these 

indicators is crammed with several sensitive parameters, most of which belong to the cultural sub-

system. The fact that the sensitive parameters are mostly cultural, and the fact that the cultural sub-

system is the most influential and the least influenced by other sub-systems, indicates that culture 

plays a major significant role in resource management in Gunung Sewu. 

7.2 Research Findings 

The above overview of current resource management in the Gunung Sewu is further discussed below, 

by revisiting the hypothesis and drawing some conclusions concerning the objectives presented in 

Chapter 1. What follows deals with proven facts and the specific findings of the research. 

7.2.1 Hypotheses revisitation 

Hypothesis 1: There is some threshold of population causing environmental degradation  

Looking back at the history of the establishment of permanent settlement in Gunung Sewu and 

contemporary environmental conditions, it can be said that the increase in population has caused 

environmental degradation. Discovery of big mammal fossils (section 4.2.1) in the surrounding caves 

indicates that Gunung Sewu was once vegetated with evergreen forest. Yet rocky desertification, 

which is now very common in Gunung Sewu, gives strong evidence of environmental degradation. It 

shows that environmental degradation took place following agricultural development within the area.  
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Pictures of the past Gunung Sewu drawn by Jughuhn in 1850 (see Figure 4.5) clearly show that even 

during the early days when people started moving to Gunung Sewu, the area had already suffered 

some loss of habitats especially on the hilltops. Comparison of the two pictures shows that at the 

time, only low-lying areas had been converted to cultivation, compared to today (Figure 1.3 and 1.5). 

This suggests that during 1800s, cultivable land was not scarce. Farmers must have had bigger land-

holdings. Data on population growth provided by Nibbering (1991a) indicate a population size of 

16,379 for the whole Gunungkidul. This number increased almost 16 times (260,168 people) over the 

next three quarters of a century. According to Soemardjan (1962), at this time (1920), the average 

size of landholding was about three hectares compare to landholding in 1998, of only about 1 hec-

tare. (The present landholding size for a small young farmer is less than 0.6 ha (section 4.3)). Fur-

thermore, Figure 4.14 shows the uneven distribution of landholding size among the population, and 

the presence of landless farmers, which suggests a decreasing amount of available productive land 

per person. This is emphasised by the statements from the farmers that livestock were previously not 

kept at home but grazed by themselves. 

The decreasing amount of forest and the increasing number of total settlements are also clearly 

shown on the land use maps in Figure 4.7, 4.9-4.11. The fact that rice is planted only for subsistence 

purposes also supports the view that only limited productive land is currently available. The presence 

of pests also suggests deteriorating soil quality. 

There is no evidence to suggest at what stage the population is actually started to cause environ-

mental degradation. Therefore the hypothesis cannot be accepted. As discussed in Chapter 4 popula-

tion growth in Gunungkidul has been very low compared to other Districts within Yogyakarta, and 

for many years only the population in Gunung Sewu has maintained a steady state compared to non-

karst areas of Gunungkidul. However, the economic and social welfare level of Gunung Sewu resi-

dents is lower than those in neighbouring fertile areas, and worse, the area is known nationally as 

among the poorest in Indonesia. Therefore it is evident that environmental degradation in Gunung 

Sewu has increased with the growth in population. The expansion of the degradation is encouraged 

by the fragile nature of the karst itself, which has a very low carrying capacity. Although the popula-

tion in Gunung Sewu has for sometime experienced zero growth, degradation still occurs, since the 

ability of the natural resources in karst area to renew themselves is far below the rate of natural 

resource consumption. 
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Hypothesis 2: People farm their land through necessity not perversity  

Chapter 4 discussed the development of the changes in the Gunung Sewu landscape that are triggered 

by human activities. The movement of people to Gunung Sewu was due to increasing pressure espe-

cially from taxes and the demand for forced labour. They have had to adapt with an environment 

with limited natural resources, especially soil and water (Chapter 3, section 3.4 and 3.7.3). 

The settlers in Gunung Sewu were farmers even before they moved to the area (section 4.1.1and 

4.1.2). Since that is the only occupation they know, they continue to farm the land (Figure 4.7). 

Farming is necessary for them as their lives depend on nature to provide. To a certain extent, subsis-

tence needs and provisions govern the production processes in Gunung Sewu. Figure 6.1 also shows 

that each sub-system in the Gunung Sewu land use system directly affects food production. In effect, 

the present land use system in Gunung Sewu describes the food production system in that every 

effort by farm households, especially soil and water conservation (section 5.3), is aimed at food 

production.  Adaptations to soil infertility (section 5.3.1), diminishing arable land (section 5.3.2, 

Figure 5.2 and 5.3), use of limestone pockets (Figure 5.4), adaptations to water scarcity (section 

5.3.3, Figure 5.5) as well as agriculture being identified as the top development priority suggested by 

the people, suggests that farming is the only major occupation that the people know. This can also be 

explored in the people’s philosophy of life (as discussed in Chapter 5). They believe that they were 

born as farmers, thus will farm all their lives. They are very dependent on farming, so before the start 

of rainy season, they work the land. Therefore, they farm their land through necessity not perversity. 

Therefore, the hypothesis is accepted. 

Hypothesis 3: Water is a basic essential for life, therefore people will choose to live in areas close 
to water  

Before the start of Gunung Sewu settlement, life in Gunungkidul centred on the Wonosari Plains (the 

present capital of Gunungkidul), a fertile area close to the river. During this time, people chose to 

live close to water, since productive land was not a limited resource. However, as the population 

grew and productive land decreased, they moved to areas where water was scarce. The exposure of 

limestone outcrops (rocky desertification) due to increased human activities, indicates that human 

activities have limited the production capacity of karst resources to renew themselves. This shows the 

importance of land to people although direct water supply in the area is limited. Therefore it is clear 

that it is more important for the people to find land to live despite its lack of water. 

Some people have built tanks to catch rainwater during the rainy season (section 5.3.3 and Figure 

5.6). This prevents them from having to buy water. However, those who are less fortunate and not 
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able to build tanks, and must spend part of their income to buy water. Despite the low incomes they 

buy a lot of water. This reflects the fact that water is very crucial for life. This is further emphased by 

the response to needed developments in the area. As many as 30.38% (highest) stated that wa-

ter/irrigation supply is the most needed development (Table 5.3). Water is crucial and farmers give 

great attention to its conservation through the building of rainwater tanks (Figure 5.6a). This impor-

tance is reflected in the culture – several caves with underground water are identified as sacred.  

Karst ponds are cemented (Figure 5.6c) and as part of their beliefs, the farmers perform a traditional 

ceremony called village purification when areas near the ponds are cleaned, planted in trees and fig 

trees are wrapped with yellow cloth (Figure 5.6c) to show they are sacred. 

The evidence presented suggests that people prefer to live close to water when productive land is 

available but as productive land becomes limited, land itself becomes an essential resource and 

people choose land to live in, and develop their own strategy of survival and adaptations to the area. 

Nevertheless, the evidence suggests that people living in areas with a better water supply tend to have 

bigger household size, i.e. more individuals/children (see Figure 5.9 and 5.10). The hypothesis can 

therefore be accepted. 

Hypothesis 4: Poor farmers with little land are usually efficient in their use of land, capital, and 
family labour, hence they tend to complement any extra developmental resources received (fertilis-
ers, seeds, etc)  

The average size of current landholdings (Figure 4.14) is so small that it cannot support a farmer‘s 

family. The average size of the young farmer’s small-landholding is less than 0.6 ha (section 4.3). 

Farmers’ adaptation to limited resource availability, whether culturally (section 5.2), physically 

(section 5.3), or socially (section 5.4), suggests that there is a tendency of an effective use of natural 

resources. Uncertainties of climate and nature dependency have required the farmers to plant various 

different types of vegetation (Figure 3.6) with different harvesting periods (section 5.3.3 and Figure 

5.5) that allows the necessary ground cover to protect the ground, as well as ensuring sustainability 

of the harvest in case one crop fails. In Gunung Sewu, monocropping is considered too risky. 

Through mixing of crops, the productive capacity of the land is made available for use the whole 

year round and so maximum benefit is obtained from the limited area of productive soil available. 

The infertile thin soil has forced the farmers to grow crops of various kinds wherever possible (Fig-

ure 5.2, 5.4). This has taken the form of agroforestry, silvopasture and agrosilvopasture (section 

5.3.1), which all support the maintenance of soil quality. Homegardens (section 5.3.2 and Figure 5.3) 

are also an efficient use of resources, because farmers plant crops that are edible, thus decreases 
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household expenditure on food. Livestock are kept at home as a “natural bank” and their manure is 

used as fertiliser. Teak are planted for a similar reason, i.e. future financial stringency. Furthermore, 

all household rubbish is organic and is also used as fertilisers (section 5.3.1). 

Limited income and resources have also encouraged the farmers to develop effective and efficient 

way to lower their expenses, such as, in working their land, through a mutual working group consist-

ing of 10 households working free of charge, moving from one person’s land to another (Table 5.1). 

This avoids the need to pay hired labourers. 

Because the farmers are nature dependent and limited by their resources, they tend to minimise the 

volume of output sold. Only 25% of the harvest is sold, the rest is for daily consumption or saved as 

future seeds. The farmers admit that in 1930s, no manure was needed, but now they have to apply not 

just manure but inorganic fertilizers as well (see section 5.3.1). Even, in the 1960s, when the gov-

ernment subsidised fertiliser, people threw it away because they did not believe it was needed (sec-

tion 4.3). During that time, the average size of landholding was 3 ha. The farmers stated that they 

only use fertilizer for rice and use manure for other crops. This is because the price of fertilizer is so 

high, that they find it more efficient to rely on manure. Therefore the people will complement any 

extra developmental resources received, only when they have no other choice. When the price of 

fertiliser is low, people apply more fertiliser, but when the price rises to a level that they cannot 

afford, they revert to livestock manure. Therefore, the hypothesis can be accepted. 

Hypothesis 5: The more intensive the land use, the greater the soil erosion and the thinner the soil 
will become  

With limited productive land, the only way to increase production to support the population growth is 

through land use intensification. With more and more people moving into Gunung Sewu after the 

1800s, more soil was exploited to supply food. Since the starting topsoil was already thin, land 

intensification has increased soil erosion, demonstrated by rocky desertification and bare outcrops. 

Jughuhn’s drawing in 1850 (Figure 4.5) clearly shows that when people started moving into Gunung 

Sewu, the area suffered the loss of its vegetation cover especially on the hilltops. At that time, only 

the low-lying areas had been converted to cultivation, compared to today (Figure 1.3 and 1.5), where 

the exposure of the limestone outcrops is clear. The high clayey soils found in the valleys (Table 3.2) 

show that there has been a prolonged leaching of weathering mantles promoted by thinly vegetated or 

bare ground. This clearly shows that population growth has increased the intensity of landuse, de-

creased the amount of ground cover, and caused prolonged leaching and clayey soil. That even in 

1930s no manure was used suggests that the topsoil was thicker in the past (see section 5.3.1 on 
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agricultural inputs). The occurrence of more pests, as well as the fact that part of a farmers’ land 

sometimes yields nothing, emphases the declining fertility of the soil. The thinner soil is also re-

flected in the low productivity of the harvest and plantation of cassava and rice on limestone pockets. 

The hypothesis can therefore be accepted. 

Hypothesis 6: Infrastructural development such as irrigation, schools, roads and transportation, 
permits an area to have better market opportunities, and exchange of ideas is more observable 

Ponjong Sub-district is the most developed of the three sub-districts studied (section 2.2.2). Here 

transportation is easy. Irrigation works are also evident, and people do not have PAH (rainwater 

tanks), except in Karangasem Village. In the Village of Genjahan where the area of karst is limited, 

other types of cash crop farming are found. In case of water limitations, the people prefer to buy 

water instead of building rainwater tanks. The number of children is also the highest in this sub-

district (section 5.4.4 and Figure 5.10). The percentage of students that pursue university degree is 

also the highest (section 5.4.3). The development of Karangwuni Village, located close to provincial 

roads, allows a better opportunity for transportation and the like (section 2.2.2). Thus the number of 

children pursuing senior high school is the highest compared to Balong Village within the same sub-

district, which is by-passed by public transport (see section 5.4.3). This shows that access and infra-

structural development allow better human resources development. Therefore, the hypothesis can be 

accepted.  

Hypothesis 7: Culture is a determining factor influencing people’s way of life and the way they 
extract resources 

Society and nature are essential parts of the lives of the farmers in Gunung Sewu. Society is viewed 

as a source of safety, nature as a means of survival. The struggle to survive has encouraged the 

farmers to turn to neighbours and has developed a close working relationship among them (Javanese 

ethics) i.e. the principle of conflict avoidance and the principle of respect.  The principle of conflict 

avoidance aims to maintain a harmonious relationship among people (section 5.2.1).  One such 

example is through voluntary work groups (Table 5.1).  The principle of respect (section 5.2.2) states 

that an individual must respect others of higher rank or status. This is evident in the institutional 

structure of the village.  This is also evident in the number of children who pursue 9 years schooling 

as required by the Indonesian government.  At present, all children have spent at least 9 years at 

school (section 5.4.3). 

There are certain, local, traditional means of conserving resources such as village purification where 

trees are planted around a body of water (see section 5.3.3). Teak are planted and livestock are kept 
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for future financial urgency (natural bank). Fallowing also occurs because the farmers feel that they 

can get more money working in the cities and little can be done on the land prior to the start of the 

rainy season. People don’t understand the importance of planting trees or the need to restore soil 

productive capacity, as suggested by Nibbering (1991a). The people of Gunung Sewu believe that 

their families and full stomachs are their highest priority. When there was no dry period in 1998, 

fallowing was not observed. This supports the hypothesis that a family’s welfare is more important 

than ecology, i.e. culture plays a very important part in the lives of Gunung Sewu farmers. In fact, 

analysis of the relationship between man and nature in the area suggests that culture both affects their 

everyday lives and how they manage their resources (see section 6.3). The model showed that the 

culture sub-system is the most influential, but the least influenced, in the resource management 

system of Gunung Sewu. Furthermore most of the sensitive parameters of the system belong to the 

culture sub-system. This points to the importance of culture as a determining factor in the choice of 

land use and in income strategies. Therefore, the hypothesis can be accepted. 

Hypothesis 8: Farmers will adopt new conservation strategies after they see and feel the benefits of 
having better yields and more reliable harvests 

Despite changes in land use, the farming system in Gunung Sewu since the late 1800s, has remained 

a rain-fed system. The limited willingness to adopt innovation shows a lack of confidence in new 

techniques (section 5.2). This is understandable, as the farmers rely on nature to provide them with 

food and water. Marginal, small landholdings makes them averse to taking risk. Any negative devia-

tion from the minimal level of production would lead to food scarcity and expose them to the risk of 

starvation. Therefore, if farmers are uncertain about the result of a new innovation on their harvest, 

they will not accept it. The longer they have to wait for a result the more reluctant they are to adopt a 

new idea. Since they are very nature dependent, they do not want to jeopardise their only means of 

survival. Although the farming system has not changed, the rice varieties grown have changed to 

higher yielding varieties. This development was welcomed by the farmers (section 5.3.1). Changes in 

rice varieties have happened several times. It is easily accepted because they can see and experience 

the result of the harvest within a shorter period. The hypothesis can therefore be accepted. 

Hypothesis 9: In an area where land is the only available resource essential for human survival, 
society will protect it carefully and usually develop some of the best land management practices. 
Therefore the present land use system in Gunung Sewu is the best-suited land management prac-
tice for the area. 

Gunung Sewu was already deforested long before the local people established permanent settlements 

(just after Indonesia’s independence). Table 4.1 shows how the landscape has changed. From 1830-

1870 the forest were converted to agriculture and plantations under the Cultivation System enforced 
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by the Dutch colonists. The Dutch even cleared the hills to plant coffee. Between 1870-1879, the 

right to long-term leases of upland areas for growing export crops increased the demand for labour. 

There was a consequent influx of population to the area. These immigrants put a lot of pressures on 

resources. In the 1940s, the arrival of the Japanese forced the felling of all teak and its replacement 

with cotton, worsened the situation. All these events clearly show that even before the stabilisation of 

population numbers in Gunung Sewu (since 1950 – see Table 4.1) land degradation was already 

under way. 

Economic and political factors put pressure on the resource base and forced the people into land-use 

practices that were not sustainable. Therefore, the environmental degradation that occurred, mani-

fested in rocky desertification, is not solely the result of the current farming practice nor a direct 

consequence of the local people’s choice. In fact, the farmers have developed local practices to 

minimise risks to their food security and livelihood, within the limits of their environment. 

Some of these practices to optimise the use of soil and water, include agrosilvopasture, agricultural 

inputs, household waste management, homegardens, fallow and seasonal migration. Agrosilvopasture 

is a means to ensure the efficient use of all available space and soil. Trees, cash crops and grasses for 

fodder are planted together, and crops and grass fodder are planted below the trees. Trees are planted 

mostly on the hill slopes, where soil erosion and soil loss are greatest. Grass and trees do not need to 

be fertilised but stabilise the soil, reducing the already severe erosion.  

Farmers keep livestock for future financial need and their waste is used to fertilise cash crops. 

Household waste is also used as compost, and all waste is organic. No use of cans or plastic was 

observed, food was wrapped with leaves. Therefore, this waste generates a net return to the environ-

ment. 

The fallow period occurs during the slack season and only as a response to water scarcity. Men use 

this period to migrate to the city to find work and to increase their income. Land is left unplanted 

prior to the rainy season as there is nothing to be done while waiting for the rain to allow planting of 

rice. Therefore it is more beneficial to find additional income. The women stay to harvest cassava. 

The fallow is also beneficial to the environment, enabling the soil to rest.  

Therefore while it can be concluded that the current farming system may not be the best suited in the 

long term for the maintenance of natural resources, in the short to medium term  because of cultural 

adaptation it is the most suitable socially to meet food security needs and the livelihood of the local 

people. Although the choice of livelihood strategies is based on socio-economic circumstances, the 
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results are environmentally friendly, in that they minimise the rate of degradation of the environment. 

However, the sheer density of population renders current demands on the environment unsustainabil-

ity. With regard to the physical condition on the landscape, the hypothesis is rejected, but with regard 

to meeting food security needs and livelihood of the local people, the hypothesis is accepted. There-

fore physically the hypothesis is rejected but socially is accepted. Thus as a whole the hypothesis is 

ambiguous. 

7.2.2 Objectives Achievements 

Under this sub-heading the achievements of each objective as stated in Chapter 1 are discussed, 

based on the associated hypothesis discussed above. 

Objective 1: To identify a theoretical basis for measuring the sustainability of resource use in karst 
areas 

Sustainability focuses on the relationship between the environment and people with a view to achieve 

integrity and increasing people’s welfare. The concept addresses a concern for degrading natural 

resources due to overexploitation.  Therefore it is necessary to evaluate whether a resource manage-

ment system is moving towards or away from sustainability (section 1.3). 

Those who directly use natural resources and whose livelihood for most part depends directly or 

indirectly on the exploitation of natural resources are mostly those living in rural areas (section 

1.2.3). Therefore, sustainable development in a rural area, is actually about food security, which is 

often achieved at the expense of environmental degradation. This situation is made worse if the area 

is already poor (limited) in natural resources, because this can speeds up the exploitation process.  

Food is one of the factors that determine why the poor are willing to take the risk. Their adoption to a 

certain farming system shows how they try to balance competing needs to survive. 

Farmers in an agricultural, resource-poor area are faced with the primary need to survive and satisfy 

basic needs. It may be argued that in a resource poor area, environmental degradation is speeded up 

because people need to use the resources to satisfy their basic needs.However, much research (for 

example, Chambers in Saad, 1999; De Waal, 1989; Corbett, 1988; Jodha, 1981, 1978; and Morris, 

1975, 1974) (section 1.2.3), confirm that very often, socio-economic circumstances are more impor-

tant in determining effective conservation methods than the constraints imposed by the physical 

environment. 

Karst areas are often constrainted by limited natural resources. Farmers living in a karst area are 

faced with limited resources for agricultural production including productive soil and water (section 
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3.4 and 3.7.3). Therefore karst is a good focus to investigate the general problem of measuring sus-

tainability, since it possesses biophysical constraints, while people living in the area are very depend-

ent on its resources to survive (section 1.5). Therefore this objective is met.  

Objective 2: To determine key natural resources 

Natural resources in Gunung Sewu Karst consist of land, soil, water and limestone (Chapter 3) in the 

context of a monsoonal tropical climate. Although limestone is abundant, the quarrying of limestone, 

although a potential occupation, currently comprises only 1.66% of major off-farm activity (see 

Table 5.4). On the other hand, stone breaking comprises of 12.64%. Nevertheless, limestone is not 

sold but used for household purposes only, such as for house floors and building terraces (community 

level). Thus it is only a small scale enterprise and carried out during certain times only.  

Land is also abundant, as evident in the average population density of the studied areas, which is only 

401.38 persons/ha compared (Table 2.1) to the whole Gunungkidul, which is around 500 persons/ha. 

Consequently, the key natural resource for the survival of the Gunung Sewu people is associated 

more with food production, since they are all farmers, whether farming is their primary or secondary 

occupation. Since it is the limited farming resources that determine the survival of the people, the key 

natural resources in Gunung Sewu are soil and water. The objective is met.  

Objective 3: To identify farmers’ behaviour in land use and income strategies 

Food security is the key factor that determines why Gunung Sewu farmers spread risk and how they 

finely balance competing needs in order to survive. This is shown by their adoption of a specific farm 

system that defines the way a rural community copes with the environment to produce food (Chapter 

5) and to increase the return from their use of whatever resources are available. 

The struggle to survive encourages farmers to turn to neighbours for support and assistnce and this 

has developed a working relationship among them, known as the principle of conflict avoidance 

(rukun) and respect (hormat) (section 5.21 and 5.2.2) that basically governs their way of lives and 

assists the people to survive on their land. 

Uncertainties in crop yields make farmers realise that despite the help of the community, there are 

things beyond their control. This has developed some myths regarding the important times in a 

farmer’s life, such as evident in religious ritual celebration prior and after rice planting and mass 

prayers for rain (section 5.2.2). 
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The farmers have also developed other means of adaptation to the physical limitations. Adaptation to 

soil infertility is by integrating farming with forestry and livestock. This is known as agrosilvopasture 

to maximize the use of space; the use of manure, inorganic fertilizers and high-yielding variety rice; 

and household waste management, where farmers use their organic household waste as green ma-

nure. Adaptation to diminishing arable land (section 5.3.2) is shown by the use of every available 

space/land to be planted, such as the small patches of vegetables planted around the house, known as 

the homegarden, for subsistence purposes; and the use of limestone pockets. Adaptations to water 

scarcity (section 5.3.3) is demonstrated by the choice of farming system and the selection of plants, 

where the cropping pattern follows the availability of water (Figure 5.5). Fallow is also a way to deal 

with limited water. It is much more economic to find additional income, since the land must be 

cleared before rice planting. Other ways of conserving water are through traditional means of water 

conservation, such as building rainwater tanks, protection of sacred trees and cemented karst ponds. 

Another way of adaptation to resource scarcity is social adaptations (section 5.4) by means of sea-

sonal migration (section 5.4.1), consumption patterns (section 5.4.2), education levels (section 5.4.3) 

and number of children (section 5.4.4). Seasonal migration occurs during the slack season as means 

of finding additional income, since there is not much to do on the land. People are also able to with-

stand drought and times of economic instability, as they can use cassava instead of rice for consump-

tion. 

The farmers’ concern for the future of agriculture is reflected in their concern for their children’s 

education. Instead of providing labour, children consume household resources by attending school. 

Their other concern is in regards to the survival of their family, where it is clear that in areas closer to 

a direct water supply, the number of children increases (Figure 5.10), while in areas with water 

shortages, the average number of children is two. 

With all these adaptations to resource scarcity, farmers’ behaviour identify themselves, therefore the 

objective is met. 

Objective 4: To determine the driving factors affecting farmers’ choice of land use and income 
strategies 

Since the main source of survival and income in Gunung Sewu is agriculture, the farmers have 

developed self-insurance strategies to minimise the risk to their food security and livelihood (chapter 

5). In Gunung Sewu, an important determinant of behaviour is the social influence from other farm-

ers as well as that of family members. In Gunung Sewu, society is viewed as a source of safety, while 

nature is viewed as a means of survival. The principles above are attached by the people to their lives 
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as a means to protect them and to make sure they can place themselves in balance with their envi-

ronment.  Peace and mental balance is the goal in life for a Javanese farmer (section 5.2.2). 

The non-economic value of land, food and water come from the farmers’ philosophy of life that 

forms their key motivation to better manage resources. Only 1.23% of farmers are small scale and 

landless farmers, who would be willing to migrate outside Gunung Sewu and live in other areas, if 

better opportunities arose (section 5.2.2). The majority are happy in their work and home. This shows 

that for Gunung Sewu farmers, physical constraints are given conditions and they have to adapt to 

these. 

As explained in hypothesis 9 above Gunung Sewu farmers have socio-economic considerations in 

mind when determining the type of adaptation they make to resource scarcities. In fact socio-

economic considerations are more important than physical environmental constraints. There are 

traditional means of conserving and exploiting resources to ensure the most efficient use of every 

available resource for food production as justified in hypothesis 7. 

Strategies for choice of land use are driven more by socio-economic circumstances (social, economi-

cal and cultural needs), which provided the people with some means of adapting to the limited avail-

ability of natural resources (see Chapter 5), while strategies for income are driven by the physical 

environment. The objective is met. 

Objective 5: To determine sustainability indicators for the area 

The sustainability indicators for the area were determined from variables making up the Gunung 

Sewu resource management system (section 6.8). These are soil conservation effort, interest in farm-

ing, education level, births, on-farm income, outmigration, rice consumption and crop consumptions, 

each of which is crammed with sensitive parameters. Most of these sensitive parameters belong to 

the culture sub-system. Therefore sustainability indicators for Gunung Sewu resource management 

are mostly cultural indicators. The objective is met. 

Objective 6: To measure the sustainability of land use practices in the field area 

The sustainability of the present Gunung Sewu farming system cannot be judged from general meth-

ods used to measure sustainability. The farming system cannot be judged as sustainable or unsustain-

able because external factors, in this case political and economical factors that are beyond the control 

of the local people, forced the people into a land-use that involved the over-exploitation of resources 

(section 4.1). This does not reflect on the actions of the people themselves or on their real intentions 

to the environment.  
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There is no evidence that the level of degradation caused by the present farming system would have 

occurred without external political drivers which distorted this system to meet colonial needs. The 

rocky desertification that occurs was triggered by the over-exploitation of resources by the ruler of 

the area, the Dutch and the Japanese, who cleared the forest and put pressures on the land (Table 

4.1). 

On the other hand, local practices established as means of minimising impacts and to secure the food 

supply both have made positive contributions to the environment as through the practice of agrosil-

vopasture (section 5.3.1) and the homegarden where the ground is always covered thus decreasing 

runoff.  The management of household waste also benefits the soil as it acts as green organic fertil-

izer, thus giving nutrients to the soil. Similar cultural beliefs in protecting fig trees and caves (section 

5.33) support environmental sustainability. However, the adaptation to the diminishing area of ar-

able/productive land by cultivating every available space with plants including the use of limestone 

pockets increases the loss of soil, since the soil is always in use. This decreases soil nutrients and 

exhaustion of the soil. This is evident in the chemical properties of soils in Gunungkidul (Table 3.2).  

The highest percentage of the soil composition is clay, which clearly shows the prolonged leaching 

due to intensive runoff.  Figure 4.15 also evidences land scarcities, which suggest an increasing 

intensification of land use, which increased the rate of soil depletion resulting in a diminished area of 

arable land.  On the other hand, the practice of planting trees for future financial urgency, has in-

creased the green covered area of the land. 

Therefore as was concluded previously current land use practices although they may not be sustain-

able for the maintenance of natural resources, are the most suitable socially to meet food security 

needs and livelihood of the local people. Although the choice of livelihood strategies is based on 

socio-economic circumstances, the results are environmentally friendly. They minimise the rate of 

degradation of the environment. However it is not possible to provide numerical evidence to substan-

tiate the environmental sustainability of the current farming system. ``Consequently the objective is 

not met.  

7.3 Contribution of the Research to the Problem of Determining if Land Use 
Practices are Sustainable 

This section discusses the general significance of the research results and explains how the research 

has contributed to the assessment of resource management sustainability. 
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7.3.1 Livelihood Strategies on Areas with Resource Scarcities 

A number of studies on livelihood strategies (Chambers in Saad, 1999; De Waal, 1989; ; Corbett, 

1988; Morris, 1975, 1974 and Jodha, 1981, 1978, 1975) show that households faced with risks to 

their food security will plan strategically to minimise risk. The result of this current research con-

firms findings from previous research, that human adaptation strategies are as important as environ-

mental circumstances in determining the consequences of people’s interaction with the land.  

Land, vegetation and soil reflect the degradation and natural rehabilitation of the Gunung Sewu area.  

The low landholding size reflects the increased size of the population as well as decreasing soil 

fertility.  Due to human activities, the area of vegetation degradation has increased as shown on the 

land use maps for 1969 (Figure 4.9), 1989 (Figure 4.10) and 1995 (Figure 4.11).  The impact of 

human exploitation increases the rate of degradation of the vegetation cover. Forest shown on the 

1969 map had by 1989 totally disappeared and been replaced by settlements and this forest area had 

further decreased by 1995. This is further stressed in the conversion of hilltop forest and scrub to 

cultivation as shown in Figure 4.7.  Chemical analysis of the soil (Table 3.2) also revealed the low 

level of nutrients available for crop growth, and that clay is the major component of the soil in the 

valleys.  The clay content reflects the effect of runoff, which suggests high erosion from hillsides. 

Because of the extensive rocky desertification that has occurred, it seems impossible to return the 

karst to its original landscape condition.  However, there are many efforts aimed toward better man-

agement of natural resources in the area.  The practice of regreening and plantation of teak on hill 

slopes, although with cultural as much as future possible financial need in mind, nevertheless, will 

have positive impacts on the land.  Furthermore, with respect to the low interest of the younger 

generation in taking up farming, this may well result in more people planting trees. Teaks that have 

been planted are generating good natural seedlings as found in the past (Figure 4.2). 

However, the ability to decrease degradation in Gunung Sewu depends on how people use natural 

resources, as they are very nature-dependent. This research has shown that cultural factors, including 

attitude, play an important role in the choice of household strategies to cope with resource scarcity. 

In areas with resource scarcities, nature is viewed as a source of survival, while the society or com-

munity is viewed as a source of safety. Socio-cultural values influence people’s behaviour and shape 

their perception of land, soil and water. Both their perceptions of the economic and non-economic 

values of land, food and water form their key motivation to better manage resources. 
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Severe physical conditions are not seen by the population in the Gunung Sewu Karst area as con-

straints. In dealing with these, the people have established local adaptations, culturally, physically 

and socially that although with socio-economic circumstances in mind (not environmental), benefit 

the environment. These include: (a) more ground cover through the practice of agrosilvopasture; (b) 

increasing filtration and slowing surface runoff by planting trees on hillsides where erosion is great-

est; (c) planting trees for future financial emergency; (d) use of a fallow period, which lets the soil 

rest; (e) use of livestock and household waste as organic fertilisers that are harmless to the environ-

ment and increase soil fertility. Although these practices cannot reverse the degradation that has 

occurred, they are able to slow down degradation by giving a greater return to nature. 

7.3.2 Sustainability indicators 

The concept of sustainable development addresses concerns for degrading natural resources. Until 

recently, most research on sustainability indicators reflected pressure on the environment, and so 

focused on environmental impacts (biophysical and economic). Thus sustainability is judged on the 

severity of the degradation and whether a system actually increases environmental degradation. The 

indicators produced are biophysical and economic. On the contrary, this current research has shown 

the need to focus on the causes that underpin the dynamics of the system, not the effects (impacts). 

Indicators should be produced to judge how much a certain land use practice benefits the environ-

ment. 

In practice, the underlying causes of environmental problems have been rarely addressed. Since 

solving problems requires eliminating their causes, it is crucial that we understand the fundamental 

conditions which give rise to nonsustainability.  A major policy focus has been on changing the 

farming system, instead of changing the perceptions or cultural reasons that lie behind the system and 

perpetuate unsustainable practices.  Since environmental degradation involves interactions between 

people and natural resources as users and managers of the resources, the motivations that underlie 

people’s behaviour with respect to resource management should be considered. This research con-

firmed that in an area of resource scarcity, social and cultural indicators are more important consid-

erations in determining the sustainability of the system than the constraints imposed by physical 

conditions. Recognition of this fundamental interrelationship between land use practices and culture 

should serve as a basis to develop cultural indicators for sustainable resource management systems. 

Understanding the underlying causes is the first step to understand current condition and those local 

issues concerning resource management practice and provide the basis for developing a system 
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approach to the design of sustainability indicators (Chapter 6).  There are three ways in which indica-

tors constructed using a system approach (section 6.4), could be used to measure sustainability.  

Firstly, indicators should be constructed based on issues of local concern (section 6.3).  The interrela-

tionship between the variables making up a sub-system will show the interrelationships between 

indicators and help diagnose cause and effect.  Secondly, indicators should be able to assess the 

status of an area, thus should show the limitations of the biophysical environment as well as the 

current status of human welfare.  Thirdly, indicators should act as a causative agent for human re-

source development.   

7.3.3 Measuring sustainability  

Judging whether the present farming system in an area is sustainable or not is particularly challeng-

ing when the area has been undergoing degradation caused by previous external factors such as 

politics and economics and increased by natural constraints. This has been shown to have been the 

case in the study area (section 4.1 and Table 4.1). The farming system in Gunung Sewu cannot be 

judged as sustainable or unsustainable, because in the past the people were forced to adopt a land-use 

that involved over-exploitation of resources, and consequently the current system does not reflect 

their real intentions concerning the environment. However, if sustainability were measured by how 

much the people are currently returning to the environment, it would then be easier to judge. There-

fore, sustainability should be measured through indicators that reflect the underlying cause of a 

resource management practice. In other words, sustainability should be measured not at the end of a 

condition, i.e. measuring impact of past events but should be measured in terms of future conditions, 

i.e. indicators should be used to judge the future sustainability of the current farm system.  

This research has shown the importance of understanding the factors affecting the choice of a re-

source management practice.  Understanding the key factors behind the choice of land use practices 

in Gunung Sewu, show that environmental degradation is often triggered by external social factors 

such as population growth, politics and economic problems, as much or more than by the limitations 

imposed by biophysical factors.  However, in communities where nature is the source of the essen-

tials for survival, communities develop strategies/adaptations to resource scarcities, which reduced 

the rate of the exhaustion of the resources, by giving more returns/benefits to the environment (Chap-

ter 5).  Improvements are seen in the increased number of trees planted in the area, and increased use 

of organic fertilizers (green manure and compost) instead of inorganic fertilizers (section 5.3).  
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7.4 Future Research 

To ensure that resource management practices are sustainable, it is necessary to understand why 

people adopt certain agricultural practices, so that if necessary, they can be encouraged to modify 

their practices to ensure better environmental outcomes.  Therefore one needs to have some under-

standing of the culture behind the actions and these must be incorporated in the indicators by which 

change in resource management can be measured. 

Several issues require further research:    

1) The cultural dynamics of a community.  

2) The importance of devising the means to measure the impacts of cultural indicators on the 

sustainability of a system. 

3) The use of cultural indicators as a research tool to test models of cultural impact. 

4) Measures of quality of life and cultural indicators particular to karst areas. 

5) Study of the impact of social and cultural factors on human development.   

6) The development of cultural indicators that provide individuals, institutions and communities 

with reliable feedback about the sustainability of their choice and actions. 

.  
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Technical Terms 

Aquifer   A water-bearing body of rock or sediment capable of storing water 
and yielding a water supply.  

Bare karst  Karst with much exposed bedrock.  

Bedding plane A surface separating two beds of sedimentary rock, usually planar. 

Bedrock  The rock that underlies the surface. In karst, the bedrock is limestone 
or other soluble rock (e.g. marble, gypsum etc.). 

Blind valley A valley which ends at its lower point in a ridge or wall of limestone. 
It has (or had) either a perennial or intermittent stream flow that 
escapes underground at the lowest point. 

Calcium carbonate 
CaCO3. 

The main chemical constituent of limestone and marble. 

Cave A natural cavity in rock, large enough to be entered by people. May 
be water-filled. May also be blocked partly or fully by sediment or 
ice. Commonly formed by solution in limestone. Caves also form in 
many other rock types, and by many other processes (e.g. lava caves, 
sea caves). 

Cave system  A collection of caves linked by enterable passages, or linked hydro-
logically, or a large cave with extensive complex of chambers and 
passages. 

Cone karst  Karst of tropical areas, visually dominated by its projecting residual 
relief of conical hills, rather than by its closed depressions. Similar to 
Chinese term ‘Fengcong’. 

Covered karst  Karst where the bedrock is mainly covered by soil or superficial 
deposits. 

Discharge  The flow of a river or spring. 

Doline  A closed depression draining underground in karst, formed by solu-
tion and/or collapse of underlying rock strata. Shape is variable, but 
often conical or bowl shaped. 

Doline karst  Karst dominated by closed depressions that perforate the surface. 

Dry valley  A valley without surface flow of water. In karst, the talweg of such a 
valley may undulate with many closed depressions, and there may no 
longer be a distinct channel. 
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Epikarstic   The upper layer of karstified carbonate rock in the unsaturated zone, 
immediately below the soil. Also known as the subcutaneous zone. 

Erosion  The process of wearing away of bedrock or sediment by mechanical 
and chemical actions of natural agents, eg rain, runoff, rivers, wind, 
glaciers. 

Evapotranspiration  The process of water loss from a catchment by the combined action of 
evaporation of water from wet surfaces and transpiration from plants. 

Facies  Part of a rock body as differentiated from other parts of the same rock 
body by appearance or composition, often as a result of changing 
depositional environments. 

Fault  A facture separating two parts of a once-continuous rock body with 
relative movement along the fault plane. 

Fissure  An open crack in rock or soil. 

Formation   In geology, the fundamental unit in rock stratigraphic classification, 
consisting of a distinctive mappable body of rock. 

Groundwater  Water below the level at which all voids in the rock are completely 
filled and saturated. Phreatic water in the saturated zone below water 
table can be distinguished from vadose water in the aerated zone 
above.. 

Sinkhole  A general term of American origin used to describe dolines and sites 
of sinking water in a karst area.  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

222 



  

 
 

 

Appendix 1 
Questionnaire 

 
A. Respondents characteristics 
1. Date: ………………………………………………………… 
2. District: ……………………………………………………… 
3. Village: ……………………………………………………… 
4. Hamlet: ……………………………………………………… 
5. Age: ………………………………………………………… 
6. Number of persons in the household: ……………………… 
 
B. Agriculture 
1. Types of crops planted: ……………………………………………………….. 
2. Crops sold and percentage: ……………………………………………………. 
3. Use of yield (household consumption / sale / seed) and percentage: …………. 
4. Agricultural system: ……………………………………………………………. 
5. Animal husbandry (type of animal and total owned): …………………………. 
6. Rice production:  

• Source of seed: ……………………………………………………………… 
• Fertilizer used: ………………………………………………………………. 
• Pesticides used: ……………………………………………………………… 
• Labours: …………………………………………………………………….. 
• Irrigation: Yes / No 
• Machineries used: …………………………………………………………… 
• Total area planted (ha): ……………………………………………………… 
• Total yield (tonnes): ………………………………………………………… 

 
C. Water: 
1. Source of water: ………………………………………………………………… 
2. Quality: ………………………………………………………………………….. 
3. Utilization of water according to source: ……………………………………….. 
4. Water supply: ……………………………………………………………………. 
5. Water bought: …………..   tanks for …… (number of months) 
6. Price of water: ……………………………………………………………………. 
7. Intensity of use: ………………………………………………………………….. 
 
D. Trees 
1. Species of trees planted: …………………………………………………………. 
2. Location: …………………………………………………………………………. 
3. Utilization of tree (manufacture / sale / others): …………………………………. 
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E. Social services: 
1. Level of education: ……………………………………………………………….. 
2. Extension programmes: …………………………………………………………… 
3. Meat consumed: …………………………………………………………………… 
4. Garbage: …………………………………………………………………………… 
 
F. Poverty 
1. Total land owned (ha): ……………………………………………………………. 
2. Location from home: ……………………………………………………………… 
3. Main source of income: …………………………………………………………… 
4. Main occupation: ………………………………………………………………….. 
5. Side occupation: …………………………………………………………………… 
6. Use of technology: ………………………………………………………………… 
 
G. Soil and water conservation 
1. Type of water and soil conservation effort: ……………………………………….. 
2. Farmers organization: ……………………………………………………………… 
 
H. Farmers perception: 
1. Opinion on use of fertilizers: ……………………………………………………… 
2. Opinion of limestone: ……………………………………………………………… 
3. Quality of environmental surroundings: …………………………………………… 
4. Willingness to change occupation: ………………………………………………… 
5. Migration: ………………………………………………………………………….. 
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Appendix 2 
 Powersim Equation  
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