Netherlands Journal of Agricultural Science 39 (1991) 213-224

Re-thinking erosion on Java

W. H. DIEMONT!, A. C. SMIET? & NURDIN?

U Institute for Forestry and Nature Research (IBN-DLO), P.O. Box 9201, NL 6800 HB:
Arnhem, Netherlands

2 School of Environmental Conservation Management, Balai Latihan Kehutanan, Ministry
of Forestry, P.O. Box 109, Bogor 16001, Indonesia

Received 27 February 1991; accepted 17 June 1991

Abstract

Surface erosion from agricultural land, causing loss of agricultural productivity in uplands as
well as off-site accelerated sedimentation, was already an issue on Java in the nineteenth
century. The once denuded unproductive uplands known as ‘dead land’ (tanah mati) are now
terraced or reafforested. But the productivity of food crops is still low and river sediment
loads on Java are still among the highest in the world. It is discussed that (1) low inputs, not
surface erosion, is the main cause of the low productivity of upland food crops and (2) high
river sediment loads in Java are, besides surface erosion, caused by geological morpho-ero-
sion, morpho-erosion from roads and the ‘ngaguguntur’ phenomenon in irrigated rice fields.
Volcanic eruptions can also be a considerable source of sediments. A redirection of soil con-
servation policy, planning and research efforts is suggested.

Keywords: irrigated rice, land slides, river sediment load, soil conservation, watershed man-
agement

Introduction

With 108 million inhabitants and a population density of 840 people per square kilo-
metre, the island of Java belongs to the most densely populated regions of the
world. Large scale conversion of forest into cultivated land started in the middle of
the last century and was instrumental in meeting the food requirements of the rap-
idly expanding population. When this process finally slowed down in the middle of
this century, about 10 million ha of forest or some 80 % of its original area had been
converted (Smiet, 1990). The link between accelerated surface erosion due to con-
version and low agricultural productivity was already discussed by Holle (1866).
Other authors at that time pointed, however, at the intensive cultivation practices
without use of manure as the cause of low productivity (Sollewijn Gelpke, 1901). In
the course of this century deforestation and expansion of agricultural land were in-
creasingly seen as the cause of accelerated surface erosion and high river sediment
loads. With few exceptions (Carson, 1989; World Bank, 1988) other erosion types
. and sediment sources were largely ignored. The present notion of the erosion prob-
lem on Java, reflected in government policies, seems also limited to surface erosion
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from rain-fed agricultural lands (Dames, 1955; Wiersum, 1980; Ambar, 1986; Re-
petto, 1986; Donner, 1987; Booth, 1988; Palte, 1989; Pearce et al., 1990), which is
assumed to be a major cause of low agricultural productivity on rain-fed uplands in
Java (Wiersum, 1980; Repetto, 1986). The annual costs of the productivity losses
(on-site effects) by surface erosion in Java were even estimated at about 400 million
USD. Costs from off-site effects such as increased sedimentation of reservoirs re-
ducing the life expectation of these dams and estimated about 100 million USD, are
also attributed to surface erosion (Magrath & Arens, 1989).

In the last 50 years many efforts have been made to tackle the problem of surface
erosion in rain-fed crop areas in the uplands. The practice of terracing has been
widely promoted, new crops and cropping systems have been introduced and gen-
erally the awareness of the erosion problem has been raised among farmers. Refo-
restation and regreening on both forest and private land have been encouraged.
Results of these campaigns have been impressive and, although many exceptions
occur, the overall impression is that surface erosion in upland agriculture is well un-
der control. Nevertheless, river sediment loads remain high and sedimentation con-
tinues to be a problem.

In the last decennia various watershed management projects such as the
FAQO/UNDP Solo project, the USAID sponsored Citanduy project and the Nether-
lands DGIS sponsored Kali Konto project in cooperation with Indonesian govern-
mental agencies, aimed at reducing surface erosion and at improving upland farm
productivity. As well, these projects aimed to control off-site effects such as in-
creased flood hazards in the lowlands and high sedimentation rates in water reser-
voirs. However, present information shows that aspects of soil conservation in
these projects were different from original expectations. DHV (1990), for exam-
ple, found that high river sediment loads were not matched by a high surface ero-
sion, which had been expected as a result of deforestation and farming practices.
Such findings point to other erosion types and sediment sources, besides surface
erosion from farmland.

In this paper the information on surface erosion on Java is critically examined. It
is discussed that surface erosion as a result of deforestation of uplands may be low,
in particular on volcanic soils and is only partly responsible for high river sediment
loads on Java. Other sources of erosion e.g. morpho-erosion which may cause high
sediment loads are identified. As in many upland areas the surface erosion rates are
probably not as high as previously assumed, also the causes of a low agricultural
productivity in rainfed uplands are re-examined.

Erosion types and terminology

The process of natural soil erosion or denudation of the land is frequently acceler-
ated by removal of ground cover, which often takes place after deforestation. Defo-
restation causes in general a decrease of the protection of the soil against the ero-
sive force of raindrops as well as an increase of transport of detached soil particles
by an increased run-off. Consequently, erosion rates from a surface area, measured
in experimental ‘Wischmeier’ plots, increase. This type of erosion is surface ero-
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sion. But deforestation does not always result in an increase of surface erosion. For
instance, surface erosion in bunded rice (sawah) cultivation is low. Rates of surface
erosion measured under natural forest are less than 5 t ha™' yr™!, which is equivalent
to a soil loss of about 0.5 mm, whereas on sloping agricultural land with a low yield-
ing tapioca crop soil erosion in Wischmeier plots may be as high as 300 t ha™ yr~! or
30 mm soil loss. Surface erosion rates on agricultural land can be reasonably well as-
sessed by Wischmeier plots and can be modelled by the well known Universal Soil
Loss Equation.

Other types of water-induced erosion such as landslides, stream bank erosion,
and road side erosion may be defined as ‘morpho-erosion’, e.g. active geologic or
accelerated erosion depending on morphological conditions of the land (Meijerink,
1988). We assume that in Java most erosion under natural (forest) conditions is
geology induced morpho-erosion. Landslides, for instance, are a common feature
in the young volcanic mountain areas even under virgin tropical forest such as in the
Gede-Pangrango mountain complex near Bogor. Morpho-erosion is, as surface
erosion, often accelerated by human activities such as road construction, land clear-
ing, and farming practices (see below). There can be no doubt that morpho-erosion
in Java contributes to river sediment loads. The question of how large that contribu-
tion is, is presently not yet answerable.

Surface erosion

The need for adequate terracing in upland agriculture after deforestation was al-
ready recognized in the nineteenth century (Holle, 1866). In the same period forest
management started and the need to manage natural forests for erosion control was
recognized. However it lasted until the 1920s before natural forest management for
watershed protection was effectuated, fuelled by the concern of lowland farmers
and in particular the sugar industry that deforestation might cause a lack of irriga-
tion water (Smiet, 1990). The colonial Forest Law of 1849 declared all forest, in-
cluding teak plantations and natural forest, governmental property. This law was
solely aimed at safeguarding a sustained supply of timber from teak plantation for-
ests. It took another seventy years before the need for watershed protection by for-
est management and reforestation was acknowledged in the Forest Law of 1920.
Since the 1920s forest management for watershed protection was actively pursued
in combination with reforestation to improve watershed conditions. With some lap-
ses as a result of political turmoil, this policy has been actively implemented until to-
day (Smiet, 1990). Despite these efforts, the forested area decreased and the area
of arable land increased between 1900 and 1950 (Figure 1). Reforestation of agri-
cultural land (afforestation) was generally not practised, although it was considered
the only sensible solution for marl and sedimentary areas with shallow soils
(Dames, 1955). These soils cover a substantial part of Java (Table 1) and were pre-
viously known as ‘tanah mati’ (dead land). One of these areas, the Madjalengka re-
gion in West Java, was studied in the thirties by Dames (unpublished report). Pho-
tographs of the area at that time by Dames show a treeless landscape without ter-
races. Nowadays part of the forest land is reafforested and the arable land is ter-
raced.
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Fig. 1. Changes in land use in Java (compiled from van der Eng, 1988 and Smiet, 1990).

Table 1. Distribution of sedimentary soils and volcanic soils in 10° ha (and in %) in Java for various
slope classes (calculated from data by Magrath & Arens, 1989).

Slope (%) classes

0-8 8-30 >30
Alluvial 3.2(25) - -
Acid sedimentary rocks - 0.6(4) 1.9(15)
Marls/limestone - 1.5(12)
Old volcanic soils - 1.7(13) 1.0( 8)
Young volcanic soils - 03(2) 1.7(14)
Complex - - 0.8( 6)

It is likely that large-scale deforestation led to an increased surface erosion, as
was presumed by analysing sediment loads of the Cilutung river, which increased
from 0.9 mm ha™! in 1912 to 1.9 mm ha~' in 1937 and a further increase up to 5 mm
ha™! was recorded in 1975 (Ambar, 1986). However, besides surface erosion other
factors than deforestation may have been involved such as landslides, road con-
struction and increased stream bank erosion. Undoubtedly a positive correlation
exist between deforestation and on-site soil loss in a watershed. But the relationship
is probably unique as many factors such as soil type, topography, land management
practices and farming system interfere. The latter factors affect the sediment deliv-
ery period needed to transport sediment from the upland to the river, which may
take several decades (Trimble, 1981). Thus, it is not likely to find a general rela-
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Table 2. Areas according to slope class in Java. The class >30% includes 200.000 ha volcanic cones;
source: FAO Agroecological Date Base (cited in World Bank, 1988).

Slope class (%) Area (10° ha)
0-8 4 604
8-30 4817
>30 3796
total 13217

tionship for various watersheds as claimed by Ambar (1986).

It was previously suggested that 50 to 60 % of the deforested steep land with
slopes over 8 % (Table 2) was seriously affected by erosion (recalculated from de
Haan, 1952), but this estimate was not substantiated. The need for a comprehen-
sive quantitative assessment of (surface) erosion for an overall erosion policy
(Wiersum, 1980) was acknowledged by the Directorate General of Reforestation
and Land Rehabilitation (RRL) in the Ministry of Forestry, which recently has ac-
complished a quantitative assessment, based on the Universal Soil Loss Equation
(USLE), for the wole of Indonesia. Estimates based on this data set (Diemont un-
published) show that 5 % of all land with slopes over 8 % (Table 1) may be con-
sidered as ‘critical’ land. However, the estimate still lacks a definition on what is
considered as ‘critical’ land. Thus there is still scope for improvement of definitions
and methodology for the assessment of surface erosion on Java. At the request of
RRL (Directorate General for Land Rehabilitation and Reforestation) critical wa-
tershed on Java have been studied by the School of Environmental Conservation
Management in Bogor. USLE estimates for surface erosion in one of these water-
sheds, the Ciliwung watershed, yielded an annual surface erosion rate of 200 ton
ha™!, whereas the rate calculated by the Morgan model was 30 ton ha™!. The latter
estimate seemed more in agreement with measured river sediment loads (Man-
naerts & Nurdin, 1988) and is therefore considered more realistic. Most of the dif-
ference between the results of the two models is caused by the fact that the Morgan
model takes into account the infiltration rate of a soil, which may be extremely high
in young volcanic soils. This is not new. Early studies on Java (Rutten, 1917; van
Dijk & Ehrencron 1949) showed already that river sediment loads in volcanic areas
were about 5 to 10 times lower than in sedimentary areas. While the impact of mor-
pho-erosion cannot be distinguished from surface erosion in river sediment, mor-
pho-erosion was excluded in studies using small experimental sub-watersheds
(Gonggrijp, 1941) or using Wischmeier plots in experimental deforestated sub-wa-
tersheds (Bons, 1990, DHV, 1990; Rijsdijk et al., 1990). These studies show that
even on steep slopes (>45 %) the surface erosion is very low in young, volcanic
areas. Surface erosion on young, volcanic upland soils is probably low as a result of
the high soil permeability i.e. a high water infiltration rate, which easily absorbs a
shower intensity of 50 mm h™!. But results are not univocal: soil loss on a volcanic
soil near Bogor was rather substantial (Kurnia et al., 1984), which may be attrib-
uted to an older age of that soil.
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The estimates on areas affected by surface erosion are still weak and, as a result
of various methods applied and lack of definition, it is not possible to conclude that
surface erosion has decreased in time. However, our rough estimate is that proba-
bly 75 % of all cultivated uplands (no statistics are available) in Java is terraced at
present. Surface erosion on Java must also have decreased, because the rice culti-
vation on irrigated terraces has increased at the expense of rain-fed agricultural
land (Figure 1).

Since the World War II additional confusion regarding rates of surface erosion
has arisen by sedimentation problems in water reservoirs. Anticipated erosion rates
in feasibility studies for various water reservoirs for supply of irrigation water and
power generation have been incorrect. Feasibility studies for water reservoirs
throughout Java (Wonogiri, Karangkates, Selorejo, Tokol) assumed a river sedi-
ment load equivalent to 0.25 mm ha™' yr~! denudation of the entire watershed
(Bettes, 1987), although earlier studies (van Dijk & Ehrencron, 1949) showed that
the denudation rate, even under natural forest, is equivalent to at least 0.5 and 4
mm ha~! yr~! for volcanic and sedimentary areas, respectively. Thus, sedimentation
rates in these reservoir studies were grossly underestimated in feasibility studies.
Therefore, the lower than anticipated life-times of reservoirs should not be attrib-
uted to an increase of surface erosion, but rather to unrealistic assumptions in the
feasibility studies.

The conclusion from this section is that, although surface erosion has been se-
rious in the past as a result of deforestation, it may presently be not as dramatic as
generally assumed. In particular on terraced volcanic soils, surface erosion is low.
The variability within volcanic soils with respect to surface erosion, which is proba-
bly related to age of the soil, should be studied in more detail.

Morpho-erosion

River sediment loads in Java as summarized by Ambar (1986) are sometimes very
high, but it is generally far from clear where this sediment originates from. The Ci-
lutung river in the Cimanuk watershed shows sediment loads equivalent to a soil
loss of about 10 mm ha~! yr™!, in an area with predominantly sedimentary rocks and
marls in West Java. River sediment loads in the Merawu river (Central Java) with
sedimentary rocks were equivalent to about 35 mm ha™! yr!, a world maximum till
that date (Meijerink, 1977). Although surface erosion is high as compared to volca-
nic areas, morpho-erosion such as land slides may also be important. Frequent land
slides were also observed in the sedimentary Cilanang catchment area (Meijerink,
personal communication). However, also in volcanic areas rivers like the Cimun-
tur, a tributary of the Citanduy river in West Java, can have high sediment loads
equivalent to 31 mm soil loss (Sub Balai RLKT Ciamis, personal communication).
In general surface erosion and morpho-erosion are both involved. Morpho-ero-
sion not only includes landslides and incising rivers, but also roadside erosion and
volcanic activity (lahars and ash rains) which affect sediment loads. A special
source of morpho-erosion is found in valleys with irrigated rice areas, which may
considerably contribute to sediment loads. It is called ‘ngaguguntur’ in Sundanese,
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which can be described as accelerated hillslope retreat (Trustrum, personal com-
munication). Ngaguguntur is a term used by the population to denote all activities
where running water in a manmade canal is used to remove and transport any sur-
plus of soil. A temporary ditch, divided from a rivulet, may be dug to a new house
plot in order to remove the surplus of soil derived from levelling the plot. This meth-
od is also used in road construction, in places where the natural slope has to be cut.
No special care is taken to restore the former slope angle. As a result of such desta-
bilization the slope collapses and the excess soil is tranported by water in the man-
made canal. Farmers in Java also actively enlarge sawahs in valleys by excavating
the toe of the valley in the rainy season (Figure 2). The surplus of soil is thrown in
the irrigation canal which is always located in the most elevated part of the valley,
e.g. near the valley side toe, in order to be able to irrigate the sawahs by gravity. In
such cases all excavated soil is instantly delivered to the drainage system of the
area, so the so-called sediment delivery ratio is 100%.

The impact of ngaguguntur has not yet been studied systematically, which seems
somewhat surprising as ngaguguntur is integrated in Javanese farming practices.
Since 23% or 1 million ha of the sawah area is located in upland areas with predomi-
nantly slopes of over 30%, the contribution of ngaguguntur to river sediment loads
may be considerable. Some examples may give an idea of the possible impact of
ngaguguntur on river sediment loads. In the Citanduy watershed the Cimuntur riv-
er has carved out a dendritic pattern of small valleys formed in deep volcanic soils.
To widen the valley bottom for sawahs, all valley sides have been truncated up to
the bazalt rock up to a depth of some 20 m. In many places the exposed rocks are
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Fig. 2. Ngaguguntur or accelerated hillslope retreat.
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even mined for road construction. Surface erosion in the upland of the Cimuntur is
low (only 1.3 mm ha™! yr™! according to an experimental basin study in the Citanduy
II project), but the river sediment load is equivalent to 31 mm ha™! yr~!! The same
phenomenon can be seen in the Cimandiri watershed in an area with sedimentary
rocks overlaid by some volcanic deposits near Gunung Walet (Sukabumi). In these
areas the width of the valley was expanded at least a few times over.

Unpaved road networks, but also not well maintained paved roads, should also
be considered as a serious source of sediment. Data from the US (Amimoto, 1978,
as quoted in FAO, 1989) suggest that a road density of 20 m ha™! may produce some
500 m® yr! of sediment. The paved road density in Java is about 20 m ha! (calcu-
lated from Anonymous, 1987, p. 423). The unpaved road density is probably at
least similar. Thus, sediment production from roads cannot be a priori omitted. Pre-
liminary results reported from the Kali Konto watershed in East Java consider sedi-
ment from road erosion as the major source of sediment (Rijsdijk et al., 1990).

The impact of volcanic eruptions on river sediment loads on Java is occasionally
impressive. Historical accounts (Scidmore, 1899) report that the eruption of the Sa-
lak volcano in 1699 caused the silting up of the old harbour of Batavia (Jakarta)
through sediment delivered by the Ciliwung river. A new harbor was therefore con-
structed in Tandjung Priok. The eruption of the well known Krakatau volcano in
between Java and Sumatra was one of the most impressive ones recorded. About 18
km® of material was blown away. In the period after 1900 records show 6 eruptions
with an export of material of more than 0.1 km® (Table 3). A total volume of 500
million m® in 90 years or an annual mean of about 5 million m* has had a profound
local impact. The eruption of the Galungung produced about 6.9 million t volcanic
debris and ash in 1982. This event doubled the sediment load in the Cimanuk river
(EXSA International, 1989).

The conclusion of this section is that even in cultivated, volcanic areas with a low
surface erosion the river sediment load can be high as a result of other sediment
sources. In landscapes where ngaguguntur is widely practised, sediment loads may
become extremely high. Also volcanic eruptions may occasionally increase sedi-

Table 3. Estimated volume of deposited material from volcanic eruptions on Java since 1900, modified
after Kusumadinata (1979).

Location Year Volume (10° m®)
Krakatau 1963 0.3
1973 12.0
Bromo 1972 1.4
Kelud 1901 2.0
1951 200.0
1966 90.0
1990 50.0
Merapi 1973 4.5
Galungung 1982 150.0
Total 510.2
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ment loads. Substantial methodological refinement is necessary to adequately facil-
itate conclusions about erosion, let alone its components.

Upland productivity and surface erosion

A most pressing problem in the humid tropics is the assessment of agricultural pro-
duction losses. All over the world many denuded landscapes are proof that erosion
should be taken as a serious problem. However, the scientific evidence for produc-
tion losses on Java by surface erosion is poor (Magrath & Arens, 1989). The sugges-
tion to correlate production losses with organic matter losses or nitrogen instead of
soil loss may be helpful (Young, 1989).

For Java many old as well as recent studies, cited in the introduction, attribute
the low productivity of upland crops to surface erosion. It was even suggested that
erosion caused farmers to change to crops such as cassave which are better adapted
to lower — erosion induced — soil fertility levels (Magrath & Arens, 1989). The
yields in upland agriculture in Java are indeed low, but have been increasing in the
last decade (Figure 3; van der Eng, 1988; Pearce et al., 1990). This increase shows
that surface erosion at least does not hamper agricultural productivity to a degree
that any increase of inputs (fertilizers, improved crop varieties, pesticides) is frus-
trated. However, it is possible that without surface erosion the growth rates ob-
served might have been higher. Proof has yet to be produced though. Assumptions
as made by Magrath & Arens (1989) of a linear annual decrease of 2 to 5% for all of
Java cannot be accepted without verification.

The major cause of low production levels in upland food crops is probably the low
input level. In particular on sedimentary soils and marls, productivity and financial
return are low. This probably reflects more the low natural fertility status and soil
depletion by repeated cultivation with low inputs, than a high surface erosion. An
overall increase of inputs in upland agriculture is needed to improve productivity,
which may also lead to a reduction of erosion by improved ground cover. Soil con-
servation should not be a separate activity, but should be incorporated in efforts to
generally improve the productivity of upland agriculture (Hudson, 1987).

The conclusion from this section is that the low productivity of upland farming
systems is in the first place caused by low inputs and not surface erosion. The major
problem in rain fed upland agriculture is to improve productivity of small farmers,
which should be given the appropriate governmental incentives (Pearce et al.,
1990).

Research and watershed policy implications

Many discussion items presented above can only be resolved by research. Research
priorities should change from assessing surface erosion in cultivated uplands to
analysing other sources of sediment, notably (accelerated) morpho-erosion. With
regard to the productivity of upland agriculture the major problem is to introduce
improved farming systems, to increase fertilizer inputs and to improve the efficien-
cy of fertilizer uptake by upland crops. Such research findings may have far reach-
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Fig. 3. Changes in productivity of several upland crops in Java, West Java and in the Cimandiri water-
shed (West Java).

ing consequences for watershed policy. The main issue in watershed management
policy on Java at present is (and has been) reforestation and soil conservation in
upland agriculture. If, as has been discussed in previous chapters, surface erosion
nowadays contributes relatively little to river sediment loads (as a result of soil con-
servation policies) and has little effect on agricultural yields, watershed policy must
be redirected. Priorities should be changed i.e. other sources of sediment must be
taken into account and control measures should be designed accordingly. Where
natural morpho-erosion contributes significantly to sediment loads, only repeated
construction of check dams can control the sedimentation. Where this is not practi-
cal or in case it is cheaper to remove sediment from irrigation canals, sedimentation
problems should be accepted as a reality in lowland regional development planning.
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Conclusions

High river sediment loads in Java cannot only be attributed to surface erosion from
upland rain fed agriculture. Ngaguguntur can locally cause high river sediment
loads. Roadsides, built-up areas and occasional volcanic eruptions may also con-
tribute significantly to sediment loads, particularly since sediment from these
sources directly enters the river system. This may have an important bearing on
present efforts of the Indonesian governement to counteract erosion. More efforts
should be directed towards the control of erosion from other sources, for example
within the domain of civil engineering, i.e. planning and maintenance of roads,
roadsides, and other built-up areas. Since sediment loads in many rivers on Java are
also determined by uncontrollable events such as volcanic eruptions and morpho-
erosion in geologically unstable landscapes, engineering designs for lowland struc-
tures must simply take high river sediment loads into account.
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