2.4 Frequency of Damaga
2.4,1 Periodicity of Volcanic Eruptions

In érder to determine the frequency of damage, a stud

: y as been made of
the periodicity of the volcanic eruptions on the basis primarily of
those eruptions since 1800 that have been most damaging. (see Table 2) -

Assuming a normal distribution with an average reoccurrence period of
it and a standard deviation of ¢y, 95% of the distribution is in the
vange U - 1.96 ¢/ n vy + 1.96 0 /n. With a reliability of 95%, the
periodicities are as follows: one eruption even 3-6 years and a large
eruption every 9-16 years,

n 1] a Interim Period
Bruption . - 32 4.5 5.0 3 v 6 years
Large Eruption i1 12,5 5.8 9 " 16 years

List of Large Eruptions Since 1800

No. | Eruption Year | Interim Period | No. | Eruption Year | Interim Period
1 - 1822 - 7 1920 16
2 1832 10 3 1930 10
"3 1849 17 9 1954 14
4 1872 23 10 1956 2
5 1888 16 11 1961 5
6 1904 16 12 1969 8
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No.

10
11
12
13
14
15
16
17
18
19
20
21
22
(23) »

24

Table 2 List of Past Eruptions (1)

Year and Date of
Eruptions

1822  July, 23 - 31
23
1845 May, 16 - 18
10 _ ‘
1954  August, 29
1855 Dec., 9
1861 Apr., -
1863  May, 23
1871  Apr., Sept.
1876
1883  Dec.
1885 Nov., 12
1886 May, ‘ 3
1888 Mar.
1889 Mar.
15
1904  Apr., . 18
1805 Nov., 1
18407 Dec., 17
1911  Nov., 2
1913 July
1914 July, 1
1516  Jun,
1917 Jun. 16 - 18
1918  Aug., 13
1919 8 Feb., Marcﬁ

1927  Feb., 5 - 11
. 3 ’

* large éruption

Remarks

K. Pabelan, K. Blongkeng, Lahar

1872 K. Blongkeng, lLahar

1920 K. Blongkeng, K. Batang
K. Senow, Lahar :

CE~12



Na.

. (:)*.

26
27
28
29
€:> *

31

@

33

o

1931

Table 2 List

Year and Date of
FEruptions

1930 ‘May - June 25

1 _
Jun., Apr.
sl
1932 Feb.
2
1934 Apr.
9
1943 Apr.
10

1953 Apr.

1

:1954 Jan.

2
1956 Jan. .
11
1967 Oct., Sept.
2
1969 Jan.

% large éruption

of Past Eruptions (2)

Remarks

1930 - 31 Nuée Ardente

K. Trising, K. Senowo, Nuée
K. Apu

K. Apu.

K. Bloﬁgkeng, K. Krasak

E-13
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ri9. £ 1ne Hange o Flow ot Nue2 Ardents, Lahar and Banjir {1} 1961 1969
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P oo
' [zl Lava of 1931

Hude ardente of 1930

1 Lahar deposit of 1930

Banjir deposﬂ oi ¥
(Damaged area by sand)

Banjir depositot +
(Damaged area by water) }

Fig. 2 The range of flow of Nué Ardente, Lahar and Benjir {2) 1930 1931
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3. HAZARD ZONES

Fig. 1 shows the hazard zones for each of the types of disaster damage

in the area covered by the plan: &
ot desootten y plan: nuée avrdente, lahar, banjir, and sedi-

(1) Hazard zones on the slopes of G. Merapi.
(a) Areas directly affected by nuée ardente.
(b) Areas affected by lahar and banjir.

(2) River area (K. Progo and X. Opak) hazard zones .... Areas
subject to flooding because of sediment deposits in river courses.

3.1 Asea Classification for Nuée Ardente, Lahar, and Banjir
3.1.1 Nuée Ardente Areas
1) Nuée Ardente Areas

As determined on basis of existing information and data and field
surveys, the only recorded information available with respect to
nuée ardente flows is that concerning the southwest slope of the
mountain {Type-1 areas). According to if, the nuée ardente reached
~a point about 9 km from the crater or an elevation of about 700 m
at the time of the 1930 and 1969 eruptions. (See Fig. 2) Judging
from the land use pattern and the results of geological studies,

nude ardente reached to the vicinity of elevation 500 m some 11 km
from the crater on the southeast side of the mountain in past times
of greatest volcanic activity.

2) _ﬁuéé Ardente Areas as determined on basis of topographical
analysis

a) Cohsidefing elevatioﬂ'and distance from the peak of the mountain,
Nuée Ardente areas in which gravity movements are predoninant are
the following:

West slope (Type 1 areas): Above elevation of 900 m.
. South and south east slope (Type 11 and III areas): Above
: elevation of 700 m.

b) Considering riverbed gradient and length of flow course, the
Nuée Avdente areas in which gravity movements atre predominant are

(See Fig. 3):

Hest élope (Type L areas): Above elevation of 900 m.

South and south east slope (Type 1I and III areas): Above
elevation of 800 m.
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3) Nuée Avdente Area

On the basis of the above considerations, the extent of the nuée
ardente area has been defined as follows:

West slooe! Above elevation of 700 m.
South and south east slope:  Above elevation of 600 m,
K. Woro area: Above elevation of 550 m.

The limits on the south and south east slepe and in the K. Woro area
have been defined based on the fact that the volcanic activity has
becoma somewhat less vieorous im recent years than the distance
reached by nuee ardente on the west side.

3.1.2 Lahar Areas

(1) Lahar area as determined on basis of existing 1nfotmation and
data and field surveys.

Table 3 lists clear points where lahar has stopped in recent years:

From past experience it would seem that lahar with a ¢onsiderable
content of volcanic ash and other fine particles flowed still Fur-
ther downstream.

(2) Lahar areas as determined on basis of topographical analysis

It is known that the form of movement of sediment changes at points
where there is sudden change in the riverbed gradient. Table 4 and
Fig. 4 show the boundaries between lahar and banjir based on this
fact. The highest elevation of the boundary is 570 m, at K.
Pabelan, and the lowest {s 370 m, at K. Woro and K. Geandol. The
largest riverbed gradient at the boundary is 0.05 (2.9°), at K.
Boyong, and the smallest is 0.026 (1.5°), at K. Blongkeng, the"
average being about 2°. Furthermore, as determined by a survey,
the characteristics of boulder deposits change at an elevation of
about 500 m in the case of K., Krasak.

3.1.3 Bajir Areas

The banjir area is defined as all areas downstream of the lahar area.

E-18



3.2 Lahar/Banjir Flooding Hazard Zones
3.2.1 Relationship of the Landform and Lahar/Banjir

When Lahar and Bajir are regarded as geomorphic stages of geologi-
‘cal‘processes on the slope of G, Merapi, probable damage areas from
lahar or banjir can be estimated by the geomorphic analysis. The
danger areas of lahar and banjir were determined from the geomor-
phological land condition map that was prepared using photo inter-

pretation (map: 1/25,000, photos: 1/40,000) and field surveys.

According to geomorphological study, there is quite close relation—
ship between the landforms and lahar/banjir occurence.

Rivers generally overflow at the places where they
stream gradients change and become more gentle.
 changes correspond to the geolomical/lithological differences on the
slope of G. Merapi. The landform of the volcanic slope is the result
of the volcanic activity. (See Fig. 4 in Supportine Report A)

turn sharply or
These topographical

Usually lahar/banjir follow old river courses, and small and shallow
valleys. Today's landforms suggest the possible flooding area of
lahar and banjir. The isoclinal slope map, drainage system and flow
direction map have been prepared as the supplementary information.

By field survey, flooding areas and the sand deposits distributed
with them were studied.

According to the survey of the Lahar and Banjir in 1975 and 1976,
the Landfornm overflow points and flooding area resulting from
Lahar/Banjir aré described as follows:

- Ovérflow points

1} The point where the gradient of the riverbed becomes gentle
{downstreanm of the breaking zone)

2) The point where the river course crosses a former river
course.

3) The point where the riverbed is rai;ed by sedimentation.
4) . The river terraces
5}: The point where the discharge area decreases sharply.

6) The point where the river course bends sharply.

E~19



Flooding areas

1) Topographical small undulations and streanms become the
boundary of the ficoding area.

2) The flood flows into a small channel or former river course
after flooding.

3) In case the small channel or former river course does not
havé enough capacity to handle all the volume, the flood
overflows these boundaries again.

4) A lot of sand transported by thezflﬁbd remains along the
small channel.

5) Houses are damaged and livelihoods disxupted 1a the sedi-
ment deposit area.

3.2.2 Distribution map for degree of danger of Lahar and Banjir
flooding

The results of the field surveys have given a rough 1dea of the
relationship between lahar and banjir disasters and topographical
conditions. A map has therefore beeén prepared which shows the
degree of lahar and banjir flooding hazard in different places on
the basts of a land conditions index and the relative height of
banks (see Fig. 6 in Supporting Report A).

Five degrees of flooding danger haVe been determined based on the'
relative heights of river banks. Where there was overlapplng of
area, the higher degree of flooding danger was given priority.
Particularly hazardous points and old viver courses and terraces
lave been marked on a map.

Degrees of Flooding Danger as based on River Bank -Height

E?ggigage Probability of Flooding ' | River RBank Height (m)
3 Very High D -5
4 High : 5 - 10
3 Medium 1¢ - 20
2 Low . 20 - 30
L Very low ‘ over 30

In addition, three Degrees of Floeding Damage have been
deternined as follows.

Degree Amount of |-

of Damage Damage : Kind of Flooding Damage
3' Large Damage from a lot sand and gravel
2 Medium Damage from less sediment
1 Small Damage from Inundation

E-20



The extent of the lahar areas has been defined on the basis of above
considerations follows in Table 5 and as shown in Fig. 4.

3.3 Hazard Map

On the basis of recoxds of past eruptions and damage the Indonesian
Government has prepared a map of the following hazard zones on the
slopes and frianges of G. Merapi (see Fig. 5):

(1) Off~limits zone {daerah terlarang)
{2) Type-1 hazard zone {daerah bahayé 1)
(3) Type-1I hazard zone (daerah bahaya 11)

The off-limits zone, where no one is permitted to live, is those parts
of the upper slopes of the mountain directly affected by nuée ardente,}
the Type-I hazard zone is where there would be considerable influence
from falllag debris, but no direct influence from nuée ardente, and
the Type-II hazard zone is where damage can be expected from lahar
along the rivers.

The main problems are.as follows:

(a) On the basis of the topographical analyses and field surveys
it can be concluded that although the off-limits zone is perhaps
somewhat more extensive than necessary, the Type-I11 hazard zone
tends to be too small.

(b) Not enough public information regarding the hazard zones or

administrative guidance in connection with them are provided the
residents of such aones.

E-21



Table 3 Elevations where Lahar has stopped in recent years

Year River Elevation (above the sea levéi)
19306 K. Batang 5?0 m
1930 K. Blongkeng 530 m
1961 K. Batang 660 m
1969 K. Bebeng . 500 m
1969 K. Putih 650 m
Table 5 Lahar Areas of Tributaries
No. River Elevation (m)
1 K. Pabelan 570
2 K. Blongkeng 420
3 K. Putih 420
4 K. Batang 420
5 K., Xrasak _ 420
6 K. Boyong 420
7 K. Kuning 410
8 K. Gendol - 370
9 K. HWoro : 360
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4. COUNTERMEASURES

The measures that have already been taken to mitigate and prevent
damage due to flow of volcanic debris from G. Merapi are the designa-
tion of hazard zones, establishment of a warning and evacuvation sys-

tem, and implementation of land erosion and volecanic debris control
works. The following is a descriptien of these measures.

4.1  Warning and Evacuation System
As a result of long years of observation and research on volcanic
activity, and with designation of the hazard zones, it is now possible
to a certain exteant to cope with abnormal volcanic activiiy based on
a lahar/banjir warning and evacuation system and the monitOring sys-—
tem which are described in the paragraph below.
4.1.1 Coping with Abnormal Volcanic Activity
1) Menitoring Volcanic Activity
The monitoring of volecanie activity at the volcanic observation
posts is based on directly observation and seismometer measure-
wents., The following are considered signs of abnormal volcanic
activity:
(1) Successive earthquake readings on the seismonmeter.
{2) Frequent cellapses at the crater,
(3) Rising of the peak of the mountain.
{4) Rumbling of the earth.
(5) Minor eruptions.
(6) Rise in temperature of eruption gases,
{7) Occurrence of nuée ardente.
Whenever any of these abnormal phenomena are observed, an alarm is
sent out by telephone from the volcanic observation posts as
indicated in Fig. 6.
When the volcanie activity gets to be very active, the volecanic
observation posts issues a "Merapi alert" through the nearest
telephone bureau. It is the provincial government, however, that
issues formal evacuatfon orders. :

2) Kuée Ardente Warnings

If nuée ardente 1is obhserved, the residents of the hazard zone are
immediately notified. The warnings are in three stages, depending
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on the proportions of the nuée ardeate: “Caution", "Alert', and
"Evacuation". The warnings are made chiefly by siren, ton-tom,

or other traditional means of communication. The criteria for the
three warning stages are as follows:

1) “Caution” ....... Nuée ardente flow of 3.5 kn/5 min.
2) “Alert" ......... Nude ardente flow of 5.0 kgf5 nmin.
3) "Evacuation" .... Nuée ardeate flow of 6.0 ku/5 nia.

4,1.2 Coplng With Lahar

1) © No definite criteria have been established for predicting
the occurrence of lahar. In the past the schmidt oroposal set the
rainfall criterion for occurrence of lshar at 70 mm/35 min, but
the provincial government and the residents of the hazard zones

are now notified of a possible lahar hazard under the following
circumstances:

(1) - Hourly rainfall of over 60 mm at the Plawangan obsevvation
post.

(2)  Thunderstorms or other heavy rainfall in Type-I lahar
occurrence areas (elevation 1,000-2,000 m) or further upstream.

(3) Actual observation of lahar,
2) Observation Systenm

Tabie 6 and Figs. 7 and 8 indicates the existing lahar observation
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posts and the observation system now in effect. Besides the lahar
observation poéts‘at Plawagan, Babadan, Ngepos, Puntuk, and Salam,
there are vain guages at two other places in Type-II areas.

1t is deslrable that lahar warnings be based on the amount of rain-
fall and the rainfall pattern, but in the area In question the
rainfall as determined on the basis of hydrolegical analysis is
aver very small area of maximum 30 - 50 ka2, :

Since it is important in a warning and evacuation systém that the
forecasts be accurate and timely s0 as teo allow ample time for the
necessary action, it is necessary that the existing observation
system and network, which is not entirely adequate with respect to
determination of the amount and pattern of rainfall, be improved
by, for one thing, increasing the observation density.

3) Warning Systenm

The present warning system for lahar, which is indicated in Fig. 8,
centers oun Type-I areas, where most of the damage occurs.

Normally the warnings are communicated to the G. Merapi office and
the provincial government by the observation posts, the provincial
government then taking whatever action is necessary, including -
notification of the residents of the hazard zones.

In emergencies, however, besides this communication route, the
residents are also warned by tom-tom, siren, or other direct means
of communication. At the preseant time it is chlefly this latter
route that is depeéended on. :

4} Lahar and Rainfall in the Past

Table 1 and Fig. 9 (1)-(9) shows the amount of rainfall and the rainfall
pattern for the nine fnstances of occurrence of lahar during the
period 1973 - 1976, It was assumed that the time of occurrence of
the lahar coincided approximately with the sharp rise in the

curve of the accumulated amount of rainfall, Tables 8 - 10 shows
the frequencies of hourly rainfall, daily rainfall, and two con-
secutive days of rainfall in 1976, 1977, and 1978 at the Plawagan
and other observation posts in order to get an idea of the fre-
quency of occurrence of rainfall of lahar triggering proportions.
The following can be said concerning the velaticnship between rain-
fall and the occurrence of lahar on the basis of such information:

(1) In two of seven recent iInstances of lahar damage (Mar. 5,
1975, and Nov. 25, 1976).the daily rainfall was abnormally
heavy, the heaviest in 50 years in the first instance and the
heaviest in 200 years in the second instance.

(2) When there are considerable unstable 6ep03££s of volcanic

debris as after eruptions, 90 mm of raiufall or more can give
rise to lahar. At Plawagan in the 3-year period mentioned
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5)  Advanced Wavrning Time-

The following are the estimated amounts of timo

f - difiere
stages of the warning process: or the ditferent

1) Collection and checking of data

for forecast of Lahar 30 win,
2) official consultation 10 nin.,
3) Communication of warning 30 min,
4} Evacuation 30 - 60 min,
Total 100 - 130 min,

Since theve is a short amount of time for the lahar to make 1ts
way down the mountain 30 - 50 min. and a considerable amount of
time for the warning and evacuation process to be completed, the
forecasting system must be a véry effictent one. Under the present
system, the data collection need for timely forecasting 1s In~

adequate; hence additional observation posts and facilities are
critical,

6} Main Warhing System Probleuns

1) Since there are only three mailn observation posts for lahar
warnings (Plawagan, Babadan, and Ngepos) at the present time,
it is hard to get a good idea of the amount and pattern of
ralnfall in Iahar hazard areas. There are also automatic rain
gauges operating at two other points in upper Type-T areas,

but both are below elevation 700 m. Considering the rain-
fall characteristics of the area ln question, this observa-
tion network 1is inadequate for highly accurate determination
of the amount and pattern of rainfall and therefore ought to
be improved,

"2) Considering the need for speedy communication of informa-
tion, a possibility that should be studied i3 telemeters and

“other advanced equipment in connection with increasing observa-
‘tion facilities and establishment of additional maln observa-
tion posts in lahar ceccurring areas.

3) Considering the present data system, observation system,
and warning system, it will be necessary to establish a new
warning and evacuation system for the area covered by the plan
in stages.
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Table 6 Present Observation Posts and Information Centers

Observation
Post

Equipment

Radio-Telephone

Telephoane

Rain—gaugeg

of
Merapi project

of _
Kab. Magelang

[
-

|

00 = O WA B oy
.

10.

. CKec.

*babadan
*Plawangan
%Ngepos
**Szlam
*%kPuntuk
emporary Post)
@Xec. Ngluwar
@Kec. Kukun
Srum-
bung
Kab. Mage-
lang
Merapi pro-
ject office

Qielole

OIOICIOoQ

]

[=]

Q

=]

Note: 1. *

2, A%

4. @

Belongs to Volcanology office

Belongs to Merapi project office

**%% Belongs to Merapi project of

rainy season,

Belongs to Kab. Magelang
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Table 8 One Day Hourly-Rainfall for Three Years

from 1976 to 1978

: Times
Degree _
() Babadan Plawangen Ngépos

0-10 29 22 23
10 - 20 91 99 89
20 - 30 35 71 52
30 -~ 40 14 25 22
40 - 50 4 16 12
50 - 60 4 6 7
60 - 70 - 2 3
70 - 80 1 1 3
80 - 90 - - 1
20 - 100 - - -
100 - 110 - - -
110 - 120 - - -
120 - 130 - - 1
Total 178 242 213

Table 9 Two Days Daily-Rainfail for Three'Yeérs
from 1976 to 1978

Times
Degree .

(mm) Babadan Plawangen ~ Ngepos
90 - 110 6 16 7
110 - 120 5 10 )
130 - 150 - 7 8
150 - 170 2 3 3
170 - 190 - 4 2
190 - 210 1 1 1
210 - 230 - - 1
230 - 250 - - -
250 - 270 - - -
270 - 290 - 1 -
290 - 310 - - -
310 - 330 - 1 -
330 - 350 - - L

Total 14 43 28
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Table 10 One Day Dally-Rainfall for Three Years

from 1976 to 1978

Times
Begree — — -
(o) Babadan Plawangen Ngepos

0 - 20 54 51 62
20 - 40 74 115 88
49 - 60 38 34 32
60 - 80 9 17 16
80 - 100 5 13 7
100 - 120 2 3 3
120 - 140 - 4 4
140 - 160 - 1 -
160 - 180 - 2 1
180 - 200 1 - 1
200 - 220 ~ - -
220 — 240 - - 1
240 - 260 - 1 -
Total 183 241 215

£33




Fig s HAZARD MAP
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Fig. 6 Existing Volcanic Activity Warning Service Network
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Fig. 7 Map of Present Observation Posts, Raingage and Information Centers
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4.2 Existing Disaster Prevention Facilities
4.2.1 Summary of Existing Disaster Prevention Facilities
(l) Tributaries® Exist1ng Facilities

In the tributary areas, present disaster prevent1on facilities have
been provided in a rather makeshift fashion, treating, so to speak,
the symptoms rather than the causes. Before 1969, sand pockets and
downstream embankments and revetment works were provided in the
case of K. Woro, but it was not until that year that facilities
began to be provided for the other tributaries (see Table 11 and
Fig. 10).

(2 K. Proge's Existing Facilities

Aﬁproximately 4 km of embankménts wevre provided along the teft bank
downstream of Srandakan Bridge, whlch is about 8 km from the river
mouth.

{3) K, Opak's Existing Facilities

Embankments were provided all along the right bank and at places
along the left bank downstream of approximately the 17 km point
from the river mouth after the flaoding of 1966.

{4) K. Dengkeng's Existing Facilities

The embaunkments of K. Dengkeng were required have been completed
since it is a river with a riverbed that - is higher than the ground
base of the surréunding laad.

4.2,2 Comments on the Existing Facilities

Although the existing facilities were no doubt well desiguned for the
conditions that were present when they were constructed, they now need
to be improved or supplemented as a result of riverbed variation and
other factors. The following are comments on what improvement and
supplementation is needed

1) Required Disaster Prevention Facilities for the Tributaries

1) Embankments and bank protection works are needed upstream
of the dowmstream check dam of K. Krasak Lo prevent bank collapse
and flooding as a result of the sediment depositing at the dam.

{(2) The embankments and bank protection works downstream of
approximately the 3 km point of the natfonal road on K. Krasak
were planned in such a way as to enclose a flooding area where
there is a great deal of depositing of sediment. Under present
ciréumstances this cannoet be helped since it is necessary to
decrease the amount of sediment discharge into K. Prago, but
i{n the. future it will be necessary to lower the riverbed at



section because as things are now 1t will contiaue to rise,
threatening not only this section but also that in the vicinity
of the national road as the rising riverbed progresses back
upstream, Remedial work will entail reduction of the width of
the river at this section by removal of the old intake weirs.
and provision of groin works, embankments, and revetment works.

(3) Since the sediment load works on K. Putih in the vicinity of
the national road present a bottleneck for flood waters owing to
the small cross-sectional area of the river and the fact that
there is a sharp bend thére, a shortcut and other improvements

are necessary.

(4) Although there are two shortcuts at sharp bends on K, Putih,
the river is narrow at these shortcuts, and this has the effect
of adjusting sediment storage upstream. It also inereases the
danger of flooding because there is little difference in height
between the riverbed and the rviver banks upstream. For this
reason it will be necessary to get rid of the bottleneck in the
vicinity of the national road, lower the riverbed to the vicinity
of Ngepos, and improve the lines of the river course.

{5) Although there are flow course works on K. Gendol to about
the 13 km point from the summit making for a stable river course,
there is considerable danger of flooding further downstream for
lack of preventative facilities. It is therefore urgently -
necessary to provide temporary works all the way to the point

of confluence with K. Progc.

(6) Since river fluctuation is very importaant, river variations
must be fully ascertained after temporary works have been con-
structed and before proceeding with permanent works. In this
sense it is very appropriate that the temporary works should be
done with gabion and for concrete lining to follow later. The
check dam works on K. Boyong should be temporarily suspended
upon completion of the foundation in view of the present situa-
tion with respect to sediment discharge.

2) Required River Facilities for K. Progo and K. Opak

(1) The embankments at downstream secticns of K. Progo and K.
Opak where there is danger of flooding should be adequate for
coping with flood waters of the proportions of those of 1966

and 1969, However, it is advisable that improvements such as
fixation of low river courses and provision of river mouth
training levees in order to cope with the threat of flooding
due to future riverbed rise and river mouth blockage be planned.

3} Structure of the ?acilities and Methods Employed in Their
Construction _

(1)  Many of the facilities downstream of check dams and Leon-—

solidation dams are subject to the Scouring action’ by the river
waters. This is ipevitable 1in view of ¢hange in the sediment
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load, the effect of falling water, and other factors. Rivers
characterized by a great deal of sediment discharge have high
riverbeds with steep gradients, and as the discharged sediments
decreases in the future, their riverbeds will get lower and
scouring action will be particularly pronounced in areas such
as thls where the riverbed materials consist of fine particles.
For this reason, it is necessary that check dams and other
works for prevention of scouring be adequately planned for

from the outstart,

(2) Stone mosonry and other top protective works are needed
for check dams and consolidation dams because of the consider-—
blé damage that they have sustained.

(3) Since there is considerable danger of damage to the wings
of check dams from the inpact of the lahar flow, it is advisable
that protective works such as banking and bank protection works
be planned.

(4) Since there have beén cases 6f destruction of revetment
works by secouring action, 1t is necessary not only to give

such works adequate foundations, but also to provide foot
protection works. Moreover, at places where the ziver course:

is pronouncedly unstable, gabion and similar flexible structures
are preferable,

(3) Water regulation works in the downstream section of K. Wore
are to be palings made of bamboo; in other places, rock basket,
stoneé pitching; and concrete blocks should be used. Bamboo and
similar materials should be effective for downstream sections.
The bamboo palings should not be made from split bamboo, but
rather from whole bamboo poles and wood for greater strength.
There is also damage to groln works by scouring action at the
front extremes and at where they are connected to embankments,

- In the case of nonpermeable groin such as those with stone

“pitching, it will be necessary to provide foot protection works
around them as well as revetment works beside thé embankments,
Furthermore, it will be necessary to provide bank protection
works at the stone masonry groln works upstream of the national
road on K. Blongkeng because these works are long in c¢ompalison
with the river width and also .very strong, forcing the river

" water to flow in the direction O6f the opposite bank.

{6) Sihce the attachment part of the arch-type check dams on
K. Pabeélan bear the brunt of the force of the river's flow and
1s 1n danger of collapse, bank protection works are needed.

(7 The surfaces of the embankments downstream of the nationat
road on K. Woro are made of sand and embanked earth and therefore
are apt to collapse quite easily. Presently tests are being
carried out with respect to the kind of vegetation that might
be planted as covering at the higher parts of the embankment if
the slope there can be made more gentle by providing small
terraces. Bank protection works for fixation of a low water
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4)

course are also necessary at this section.

(8) Intake facilities and bridges have also been planned in
association with provision of disaster prevention facilities,
and this has proven to be effective. Accordingly, this practice

should be continued in the future.

{9) There have beéen cases of damage to embankments and bank
protective works owing to the subsequent provision of passages
for people and livestock. For this reasén such passages, wash-
ing and bathing places, and the 1liké should in the future be
planned as integral parts of the desiga of such facilities.

{1¢) Planting experiements are being conducted in the upstream
section of K. Krasak with respect to the legume plant, flemingia
congesta. It is fast growing and ought to be veéry useful for
ground covering to prevent surface erosion and reduce sediment
discharge. It can also be mixed with pine and other trees to
serve as fertilizer. Sengon (acacia) are also fast growing
and could possibly be used for buffer purposes in the vicinity

of sand pocket training levees.

Materials and Construction Methods

Stone and other materials available locally should be used as far

as

20

The rock fill used for check dams are now cut to about

possible.
It would be better, however, to use larger rocks,

cm on a side.

which would be possible if better means could be found to transport
themn.

Furthermore, adequate packing is necessary for close contact

between the rock fill and the concrete; in this connection, it would

be

advisable to use vibrators.

53) Maintenance and Repairs

(1) At some places the facilities are in need of mainfénance
and repair work, Such work should be carried cut as soon as
possible if the facilities are to be expected to have a long

effective life.

(2) 1In view of the great amount of - riverbed fluctuation, the
condition of the rivers should be inspected regularly and
restorative repairs should include improvements when possible.

(3) There are cases in which local residents have taken away
foundation stones of bank protection works or used the tops
of embankments for cultivation purposes. .1t is therefore
advisable that efforts be made to make local people aware of
the purposes of these facilities and engender in them the
desire to protect their rivers and disaster prevention

facilties.
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1. GENERAL
1.1 Purpose and Method of Study

The purpose of this study is to evaluate the erosion control plan by
analyzing past and present socloeconomic conditions in the area covered
and forecasting the socioeconomic fmpact that implementation of the
plan will have, :

Qualitative and quantitative analyses have been made regarding land use,
infrastructure, population, labor force, agriculture, and assets on the
‘basis of official natienal and regional statistics, and of information and
data obtained during a deor-to-door socioeconomic survey. With respect

to agriculture in particular, which is and will continue to be, at least
for the near future, the main production sector in the area covered by

the plan. Items were studied from the standpoint of the structure of
industry and employment in order to forecast future regional agricultural
production and indicate the direction that agriculture will take in the
area In question.

Furthermore, with respect to areas that have experienced disaster damage
in the past and are therefore considered to be more problematic than
other areas, a socioeconomic questionnaire was prepared in order to
obtain information on the needs of the residents, their socloeconomic
activities, the type of disaster damage they have actually experfenced,
and s0 on, A total of 19 kelurahan (villages or the smallest administra-~
tive unit) were selected at random for the purposes of this survey: 2-3
each frorp the upstream, middle stream, and downstream areas of the Type-
I and Type-II river areas and from the middle stream area of the Type-III
river areas. 1In each kelurahan a hamlet was again selected at random for
door-to-door interviewing of all of the households in 1it, which repre-
sented 1.5-5% of all of the households in the particular kelurahan. The
‘results were used for cross checking between the macro statistics and

the other statistics and information to the extent that it was possible.

1.2 Economic Background

The area covered by the plan extends over parts of two provinces:

Central Java Province and the Special bistrict of Yogyakarta, It
embraces 1 city, 4 kabupaten, 32 kecamatan, and 259 kelurahan. Table

1 gives GRDP figures for the two provinces. The rate of economic

growth in real terms between 1971 and 1975 was 4.5% in Central Java
Province, 9.6% {n the Speclal District of Yogyakarta, and 8.0% in
Indonesla as a whole., The interregional gap in per-capita income widened
during that period and per-capita income in these two provinces, which
had been 28%7 lower than the national average in 1971, fell to 45% below

the national average In 1975.

Table 2 gives the per-capita GRDP figures for each of the four

kabupatéen {n the area covered by the plan, Because of insufficient data,
it was not possible to provide figures for the same years, It should be
noted that the figure for Magelang, which is primarily located in the
Type~I area, was particularly low.
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1.3 Administrative Divisions

As already mentioned, the area covered by the plan extends over parts of
Central Java Province including Kabupaten Magelang and Klaten and the
Special District of Yogyakarta (D.I1.Y.), including Kabupaten Sleman and
Bantul. The administrative units from large to small are province,
kabupaten, kecamatan, and kelurahan {(village): the last is the smallest
adninistrative unit. FEach kelurahan, or village, is composed of

hanlets (non-administrative units called dukuh) which are in turn. .
composed of households. Table 3 summarizes the administrative units

for the area covered by the plan.
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- Table 1 . GRDP Comparison for Central Java,
D.T. Yogyakarta and Indonesia

Central .Java
GRDP Current

D.I, Yogyakafzé
GRDP Current

Indonesia _
GRDP Current

Per Capita Curr

Per Capita Current (Rp.)

Per Capita Current (Rp.)

(Rp. Bill)
entgﬂRp.)

(Rp. Bill)

(Rp. Bill)

1971 1973 % 1975
483 707 | 1,174
22,064 31,320 ¢ 50,665
§
55 78 | 132
21,969 ! 30,551% | 50,993%
e
3,672 6,753 12,190
30,575 53,556 92,279

Note: =*

Source:

Estimated figure by the Study Team
Java Regional Study; Central Java; JICA:; 1977

Repelita III; D.I. Yogyakarta; 1979

Table 2

Per-capital GRDT for Comparison for Indonesia,

Central Java and Selected Project Areas

Unit: Rupia

Per'Capita GDRP in 1973 Per Capita GDRP in 1976
Indonesia ' 53,560 Indonesia 114,800+
Central Java 31,320 D.I. Yopyakarta 61,070
Kab. Magelang 24,140 Kota. Yogyakarta
Kab. Klaten 36,240 Kab. Sleman 65,700

Kab. Bantul 62,200
Note: # Estimated figure by the Study Team
Source! Repelita. II1; Central Java and D.I.Y.: 1979
~ Table 3 Administrative Units in the Avrea of the Plan
Province Kabupaten Kecamatan Kelurahan
S : Kodya Yogyakarta 14 -
D.1. Yogyakarta Bantul b ; 19
) ‘ Sleman : s _k$§7W7m7
[ m-“"'“m_ o . Ma‘gelang 5 ! 61
Central Java Klaten 6 ; 913




Fig. 1 Map of Kecamatan Administrative Units in the Project Area
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2. POPULATION AND LABOR FORCE
2. Population

Table 4 gives average annval rates of increase in population and
population densities for different parts of Indonesia, and Table 5
and 6 give similar figures for the kelurahan covered by the socio-
economic survey mentioned above.

Approximately 1.3 million persons live in the area of about 800 km2 covered
by the plan., Although the rate of population increase in this area is
lower than that for Indonesia as a whole, (under 1% in the case of more
than 50% of the kelurahan ia the area and under 2% in the case of over

80% of them), the population density is very high 1,584 personslkm?.

The social Importance of this area and the urgency of disaster prevéntton
measutes in it can be appreciated from the population densities of the
nuée ardente danger zones which are 576 persons/kmZ and of Type~I parts
of Zone-3, (where there is frequent lahar/banjir damage) of 1,381
persons!km .

Table 7 gives figures on populatiqn breakdown by age as based on
kelurahan village official statistics. These figurés indicate a basic
statistical distribution shaped like Mt. Merapi, with a high birth rate,
but they also show some signs of population cutflow that is often to be
observed in rural areas,

As for future population Inecrease, the goal for D.I. Yogyakarta is to

keep it below about 1.1% a year during the period covered by Repelfta III;
reduction of population pressure is also one of the main goals for Central
Java Province during that perfied, since the rate of increase rose to

1.7% in 1977 after having been about 1.1%7 since 1971.

Although it should not be too difficult to keep the rate of population
increase in the area covered by the plan within the limit set by
provineial goals considering the present rate of increase, the high
population density that has already been reached means that the increase
in absolute terms will be large in any case, This 15 another factor
emphasizing the growing jmportance of disaster prevention planning.

Tables 8 and 9 show the number of household members and the

breakdown by level of education in the area covered by the plan., The
average family size 1s 4.7 persons, with the largest distribution in the
range 4-6 persons. A total of 54% of the persons have not attended
school at all,

2.2 Structure of Employment
Table 10, which is based on statistics provided by the village
offices, gives breakdowns by type of employment for the population aged

10 and over, and Table 11 gives breakdowns by type of employment for
the heads of the households.
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The overall percentage breakdown for the heads of households is 80%
farming (70% farming exclusively), 5% commerce, and 7% wage earners}
however the figures indicate considerable employment of surplus famiiy

labor in commerce and construction work.

2.3 Labor Force

The socioeconomic survey made in the area covered by the plan shows that
almost all of the economically active population, 1.e., thosé at least
10 years of age, work more than 200 days a year. A comparison of the
necessary amount of labor as calculated on the basis of average labor
input at the kabupaten level with the amount of labor that each of the
19 kelurahan can supply, however, shows that apart from 2-3 kelurahan
which have a labor shortage and have to hire farm workers from neighbor-
ing villages, the rest have considerable labor surpluses of varying

proportions.

The existence of unproductive surplus labor is also substantiated by.
statistics of the D.I. Yogyakarta which show that 40% of the residents
fall below the living standard for rural communities of 240 kg of rice
per amum per person. Furthermore, Repelita III of Central Java
Province envisages the need to create néw employment opportunities for
425,000 persons in the agricultural sector, 188,000 persons in the
industrial sector, and 310,000 persons in the service sector in the
next five years: another reason to expect ccnsiderable unemployment of

both apparent and latent (see Table 12).

Creation of work opportunities will have to be put on a more permanent
footing in order to be able to absorb the increase labor surplus that
is expected. In the meantime, disaster prevention works in the arvea
covered by the plan will help to a certain extent.
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Table 4 Average Annual Rates of Increase in Population
and Population Density

~— Population Density| Average rate of Paopulation
\H"“\\\\;\ (persons/km?) Increase per anaum (%)
Indonesia - 68 (1978) 2.3 (1974 - 1978)
Java., Te44 {1978y n.a. _
| Central Java 679 (1977) .15 (3971 - 1977)
D.I. Yogyakarta 828 (1976) 1.19 (1971 - 1976)

Source: Repelita ¥1I, 1979

Table 5 Area,'Populainn and Population Density in the
Project Area (1976)

Pla;;:;g ?;;ae | No. g:’!l:('&lti:x;ihan Area (km?2) Popu!atior.:_ il {P:%?gjl;gl:g);
core 1 E‘:déznte 26 136 78,298 576
| Type 1 c27 78 107,689 1,381
zone 3| Type IT | 50 147 194,978 1,376
type 11| 8 n 56,900 801
zone 4| - s 414 902,000 2,179
Total or 225 | au6 1,339,865 1,584
Average '

Annual Rate of Increase in Population

Table 6 Average _
o {1966 v 1976)

(Unit: No. of Kelurahan)

Typ =3 | T g | T e T e [T | oo | Totar
Zone _ B o Co -
io;erl i:jznte- - : 12 7 > 1 - E?
Ty#e I _ - 4/7 ié 9 1 1 - 27
|zone 3 Type 11 13 14 s | 3 14 43 L]
Type 111 - 6 1 - - - 71
Zone 4 - 6 | 30! 32| 13 30 3 % 1/
T Total 24 76 | 59 22 4 197

1/ data not available for

all Kelurahans




Table 7 Population Breakdown by Age
Kelura=
\ han )
Sex Kemiren Merdikorejo Sukorini Muruh -
Age Male | Female| Male Fgmale Male | Female |Mael | Female
0~ 4 53| 56 | 33& | 306 | 304| 319 [150} 159
540 9 46 | 52 312 | 308 | 151 162 | 143 | 145
16 ~ 14 44 | 36 303 { 309 | 106| 118 | 1451 146
15 % 19 40| 41 262 | 302 | 169 115 | 147 | 145
20 v 24 30| 30 203 | 233 | 13| 115 | 104 109
25 v 29 45| 49 183 | 197 | 105| 110 | 103 | 106
30 v 39 30| 37 215 | 305 | 108 102 | 102 | 104
40 v 49 25| 19 225 | 246 | 121| 120 | 100 103
50 ~ 59 26 | 28 173 | 165 39 52 | 00| 103
60 191 24 226 | 315 20 35 59 80
Table.8 Family Structure in the Hazard Area
Loca.| Numbes_ ‘ o B _ Ovel l\'o _ .
yee | ion ;’tfl‘:‘l’;““‘ 1 2 3 ./ S 6 7 |8 9 |10 Lnowers | Tota!
A [meefle 17 (4 J1s J12 |6 |3 fo |r |2 o | so
| % |0 |14.0] 8.0|30.0)|24.0{12.0| 6.0 0 [2,0]| 4.0] 0 ] 100
L | g [mberofln J1l (13 |8 J1i1 {1 [ 8 (2 jo |2 |0 | 67
| | % |1.5]16.4)19.5[11,9]16.4[16.4]|11.9( 3.0{0 - |'3.0] 0 | 100
o [ombeefia |5 f a4 9o [7 11 ]2 1|1 oo 31
% | 3.2]16.1{13.0|29,0|22.6| 3.2| 6.5| 3.2|3.2]/ 0 | o | 100
A |meeffo [ 3[4 f14 fr0 F7 p5 13 1|1 fo 48
B o | 6.3 8.3{29.1|20.8|14.6]|10.4| 6.312.1]| 2.1| 0 | 100
g |hombetofly [ 8 16 (18 |12 |19 |15 s |4 3 /1 | 102
2 Z | 1.0| 7.8/15.7|17,6|11.8[18.6|14.7| 4.9|3.9| 3.6] 1.0| 100
o |Mumberoflg {3 t 2 [o 17 |17 [6 |5 |2 [1 |0 | s0
%" |lo | 2.0 4.0]18.0]14.0]34.0|12.0{10.0|4.0| 2.0l 0 | 100
3 Numberofl 3 J10 fr2 |14 |25 [18 [ 9 |9 |3 |1 [0 [ 102
¢ | 1.0 9.8(11.8)13,7|24,5/17.6| 8:8] 8.8/3.06] 1.0} 0 | 100
Fort | Nemeerof| 4 l45 [55 (87 84 |79 {48 25 J12 | 10| 1 | 450
% |0.9]10.0{ 12.2{19.2[18.7{17.6|10.7] 5.6{2.7] 2.2{ 0.2| Leo
(Note) A: Upper stream B: Middle stream C: Downstream




Table 9 Level of Education in the Hazard Area

| Levelof INon- | Graduated |Graduates
Type | Locatioq education EG“IE !%':’1:"6 &;?T,“-J“e, g‘r)aiu?ltg\ Gr;:_?:r:‘ted Doctor § No Answer| Total
cated glci::nogly J\g\:g:)::tsh School  |University
Number
A of answers 28 15 6 1 0 0 0 50
7 .
Numbe ‘ :
1 B of“:zsw;rs 33 28 4 2 0 _ 0 g 67
c oty 15 15 0 1 0 0 0 31
A fotamewes{ 361 11| o0 o | o 0 1 48
> | s Eﬁmggu 61 35 2 4 0 0 0 102
¢ |otemwes | 24 20 4 1 1 o | o 50
3 Sromgwers [ 47| 39 [ B 8 | o 0 o | 102
Totl  |oronoess | 264 ] 163 | 24 17 1 0 1 450
4 54,2 36.7 5.4 3.8] 0.2 0,2 100
(Note) A: Upper stream B: Middle stream C: Downstream

Table 10 Types of Employment of the Population Aged
10 and Over in the Hazard Area

é;;I;;EEHF*“‘i“‘Eiggiifiji’ Kel. Sukorini | Kel. Muruh
prsns| . % prsns %
Farmer 325 26.1 196 25,0
Agricultural Labourer 638 51.2 298 36.6
Industrial Labourer 5 0.4 52 6.4
Construction Labourer - - 150 18.4
Merchant 242 19.5 5 0.6
Transportation - - 56 6.9
Civil Servant/Military 30 2.4 56 6.9
Pensioner 5 0.4 2 0.2
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Table 11 Vocation of Family Head

Farming | com \'.’ E .
Type Location Vocation l;"?;‘n;ing '(1‘1(;1::\; e‘::ﬁg;s Others &i:;iasls earaf:':rs Oihe;'.s an?wer Tolal.
Number of ' (
| Smestias f1o L1 4o fo do3 [0 Jo | s
; 90.0 [2.0] 2.0] 0 | 0 6.0] 0 |o 100
o | Nmeetlay 1 |1 [ 4 s fe 7 o | 67
1 % 64.2 1.5 | 1.5| 6.0 7.4} 9.0} 10,4} 0 1100
Numb. f ‘
¢ |Smmetos o Jo | oz 10 o] =
% |90.3 |0 0 o | 6.5] 3.2 0 |0 | 100
. Nemberof | 4o 11 0 1|1 1 2 | o 48
o % |87.5(2 ] o 2.1 2.1| 2.1] 4.1] 0 100
Number of ) '
" umbetotl 73 |4 2 7 (3 ]} 3 | |o 102
2 % 711.6 |3.9| 2.0] 6.9 2.9] 2.2} 9.8| ¢ 100
c Numberof b 56 0 0 7 15 3 s |1 50
% 52.0 |0 0 4.0l 10.0] 6.0 16.0] 2.0] 100
Number of - ' ' :
3 eeas | 62 2 4 5 5 16 | 5 |3 | 102
Z 60‘8 2.0 3-9 4.9 llag ].5.7 4.9 2.9 . 100
ot Nwes 319 Jo |8 | 24 |21 |33 32 Ja | aso
% 70,9 {2,0| 1.8} 5.3 4.7] 7.3] 7.1f 0.91 160
(Note) A: Upper stream B: Middle stream = C: Downstream
Table 12 Estimation of Increase in Labotr Force im
Central Java Province (1979/80 4 1983/84)
Age Sex 1979/80 (%) 1983/84 (%)
10 - 24 Male 2,164,326 2,277,950
Pemale 1,283,373 ' 1,378,131 _
Total 3,447,699 | 35.7 3,655,262 34.5
25 - 39 Male 1,787,815 2,198,081
Female . 977,813 1,054,697
Total 2,765,628 | 28.6 | . 3,252,778
40 - 54 Male 1,642,147 1,625,145
Female 908,366 985,834 _
I Total 2,550,513 | 26.4 2,610,978 24.7
55 — Male 620,362 744,554
! Female ; 280,656 326,628
| Total | 901,018 9.3 1,071,182 | 10.1
Total | Male 6,214,650 6,845,738
i Female 3,450,208 : 3,745,290
| 7Total 9,664,858 | 100.0 | 10,591,028 | 100.0

Source: Repelita IIT of Central Java Province
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3. SOCIOCECONOMIC INFRASTRUCTURE
3.1  Production Infrastructure

3.1.1 Land

Land 1s an {ndispensable production factor. This erosion and volcanic
debris control plan aims, for ome thing, at protecting valuable land
from lahar and banjir. Especially considering the fact that there is
high population density and a high level of development of land use in
the area covered by the plan and even in danger zones within it, the
area will cuffer a great loss if more land is lost to lahar. Approxi-
mately 11,400 ha of land are in fact more or less faced with this
unpleasant possibiliey.

3.1.2 Irrigation Conditions

Irrigation on the periphery of G. Merapi nas a long history. Tiere avre
innumerable irrigation systems along the tributaries of the Progo, Opak
and Dengkeng vivers, which receive water from that mountain. These
irrigavion facilities are particularly important because of the fact

that agriculture and especially cultivation of paddy is the main industry
of the area. The following points were revealed by a survey on the dis-
tribution of jrrigation facilities in the area covered by the plan on the
basis of information obrained from Magelang, Royolali, Kiaten, and
Yogyakarta public works and the K. Progo irrigation project:

(1) Classifigétion of Irrigation Areas

The_irrigatich areas within the area covered by the plan can be
classified as follows according to theix .facilities, their organiza-
tion and operation, and their functiens:

a) Technical areas: areas in which the intake facilities and
primary and secondary channels are constructed and managed by the
national government and those on the tertiary or lower levels
channels are managed by the villages (kelurahan).

B) Semi-technical areas:  areas in which the intake facilities are
constructed and managed by the national government, but all of the
channels are managed by the villages.

c)-rﬂonhtechnical areas! areas in which the intake facilities and
all channels are constructed and managed by the villages., A break-
down of the areas covered by such irrigation systems is given in
Table 13.
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() Distribution of the Irrigation Areas and Scale 6f'Ifr1ga£ién

The most important irrigation system of the area is the Mataram
system, irrigating an aréa of 15,000 ha (see Table 14), which is
dividsd fnto two parts that along the upstream part of the main
channel and that along the downstream part.

Kab. Bantul and Kota Yogyakarta are located on the south side of the
main channel of this system. The irrigation facilities there have
been developed considerably, since most of the areas there are
technical and semi-technical areas; only about 13% of the irriga-
tion land in Kab. Bantul are still nontechnical areas.

This area is important in terms of agricultural production.

On the north side of the main channel of the Mataram system, located
in the pertphery of G. Merapi, the level of provision of irrigation.
facilities is still low as a whole; 58% of the irrigated land 1n -

Kab. Sleman, for instance, is still nonte¢hnical areas. Consequently
it is necessary to provide more irrigation facilities there. Since,
however, as revealed by the results of the social survey, these
nontechnical 1rrigation aréas are very small, usually under 10 ha
each, it would be bétter to give priority to potentially outstanding
farming areas rather than to provide irrigation facilities evenly '
throughout., . '

As for the distribution of intake facilities, the main ones are on
rivers with stable courses; those on rivers in Type-I areas with
unstable courses due to lahar mud flows are primitive natural intakes
except for those at erosion control dams. Therefore;'as'fUture dis-
aster prevention works make the courses of these rivers more stable
it should be possible to increase the number of intakes on them and
stabilize the amount of water supply from such intakes.-

3.2 Utility Infrastructure

Except for Kota Yogyakarta, there is no electrification or water 3upply
or sewage networks In the area covered by’ the plan.

A survey of the sources of water of the 19 kelutahan“indicates'that 11
depend on wells and 5 on springs. In the upstream part of the Type-Il
area, people depend on rainwater for the water used in everyday life,
and during the dry season some people have to travel a distance of
several kilometers everyday to fetch water from reservoirs (see Table

16},

Nearby rivers and other waterways sexve as sewage systems and are also
fmportant for washing clothes and bathing, When thexre are no rivetrs

or channels nearby, ponds are dug in yards for such purposes. From the
standpoint of both greater ¢onvenience and better sanitation, 1t 1s
desirable that there be a more reliable way of providing the water that
the people need in their everyday lives.
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3.3 Transpostation Infrastructure

The hierarchy of roads in Indonesian is as follows:

Road Hierarchy:

national Jalan negara
provincial jalan propinsi
country jalan kabupaten
town/village jalan desa

The main roads in the area covered by the plan are: a national road
linking Yogyakarta and Klaten via Prambanan in an east-wést direction,
another natfonal road linking Yogyakarta and Magelang via Sleman and
Tempel in a north-south direction, a provincial read running approxi-
mately 25 km from Yogyakarta to Kaliurang near G. Merapi via Pakem, and
three other provincial réads running from Yogyakarta in the direction
of Wonosari, Bantul, and Wates, respectively, 1In addition there is a
road from Kalasan to Pakem via Ngeémplak, a road between Yogyakarta and
Turi via Ngaglik, and a road linking Muntilan and Dukun, all of which
run in the direction of G. Merapi from the two national voads. The
"only road linking them crosswise is a road from Paken to Tempel via Turi.

Table 17 shows thé results of a survey conducted June 12, 1978 by the
the Ministry of Public Works on the amount of daily traffie¢ on major
roads, and Fig.2, based on the same results, shows in graphic¢ form

the relative VOlumes of traffic in both divection on the roads in
question, 2-wheeled traffic excluded, As will be apprectated, the main
roads in the areéa covered by the plan have quite a bit of traffic,

This 18 because there are no good harbors near the area on the Indian
Ocean side for coastal shipping. 1In spite of the fact that the
southern trunkline railroad passes through the area, it does not have a
very {important role in terms of short and middle distance transporta-
tion because of the low fréequency of the trains, etc. Furthermore, the
branch raiiway from Semarang, which has a port and is the capital of
Central Java Province, to Yogyakarta via Magelang is out of commission
because of damage to the girders of its bridge across K. Krasak caused
by earth flow from G, Merapi which have not as yet been repaired. Under
such circumstances, there is no choice but to rely almost entirely on
road transportation, Therefore, improvement of its road network and
protection of it from disaster damage coming from G. Merapl has great
importance to the socioeconomic activity of the area.

In the survey of those in the area that have experienced disaster damage
stenming from G. Merapi considerable méntion was made of the desire

for more road and bridge construction for both emergency evacuation and
access o markets, there is a particular need for roads running cross-
ways across the periphery of the mountain for evacuation purposes,

Table 18 gives figures on the lengths and densitles of roads of
different classes in the area covered by the plan., ©Of particular
significance in terms of the need for disaster prevention planning is
the faet that the highest road density occurs in Type I areas, which
are the most hazardous.
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3.4 Social Infrastructure

3.4.1 Cultural Assets

Yogyakarta is a city with an old cwltural heritage, and many cultural
assets in its vicinity. Particularly important in this respect ate the
monuments of Prambanan and Borobudur, which attract a large number of
visitors from both home and abroad as major tourism assets. Table

19 gives figures on the number of visitors to Borobudur in recent -

years.

Although the number of foreign tourists is declining, the number of
domestic tourists is increasing sharply. The increase in domestic
tourists was 6.5% over the period 1975-76 and 18.9% over the period
1976-77. Furthermore, almost all of the visitors to Borobudur can also
be expected to visit Prambanan which is conveniently located in terms of

_transportation,

Considering the importance of tourist income from these two groups of
monuments to the regional economy, studies have carried out in the
last few years reparding ways of promoting tourism developument in this
area.

2.4.2 Other Social Facilities

Other kinds of social facilities that are very important are educational
facilitjes, medical facilities such as hospitals, clihics, and health
offices, sports and recreational facilities, mosques and other religious
facilities, and public facilities such as public meetlng places and

halls.

In the survey of areas that have experienced disaster damage stemming
from G. Merapi it was determined that the people concerned want school
buildings that can also serve as shelters at times of disaster.

Table 20 gives the number of educational facilities (elerentary,
middle, and high schools, universities and specialized schools)
presently existing in the area covered by the plan. As can be seen,
there are far fewer schools in the nuée ardente zone, which is the most
hazardous, than in the other zones of the area. This is an indieation
of how inadequate social facilities are in that zone,

Table 21 gives the number of hospitals in the area covered by the

plan. Again, it will be noted that there is not a single hospital in the
nuée ardente zone, Moreover, there is a low hospital/person ratio (only
one hospital for an average of about 19,000 residents) and a low
hospital/area ratio (one hospital for an average of about 12 km2).
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Fig. 2 Sectional Daily Traffic Volume kJune 12, '78)
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Table 13 Irrigation Area in D.1.Y

Unit: ha(®)

Irfigation Area
: Seni- Non-
Kabupaten |Technical | technical | Technical | Total
Kab, 3,500 13,135 2,498 | 19,133
Bantul (18.3) (68.7) (13.0) (100).-
Kota, _ 700 _ 700
Yogyakarta {166) {100) -
Kab. 5,000 10,724 21,566 37.290
Sleman (13.4) (28.8) | (57.8) (100)
Total 8,500 24,559 24,064 57,123
(14.9) (43.0) (42.1) {100)
Source: Public Work of Yogyakarta
Table 14 Mataram Irrigation Systém
Area (ha) Design Discharge
River System Uphill Below Discharge | Duty
offtake Mataram m3/sec £/s/ha
a —|K. Konteng 12 1,319 1.70 1.29
8 ElK. Bedog 47 3,796 2.65 0.70
3 # K. Winongo - 1,686 1.35 0.80
8 2K, Code - 1,337 1.49 1,11
Overall 59 8,138 5.00 1,11
~|K. Code 149 20 0.06 3.00
g =IK. Belik - 300 0.52 1.70
@ 8K, Buatung 90 1,595 2,50 1.55
3 @ [K. Tambakbayan 31 1,698 1.217 0.75 .
f 2K, Runing 192 644 - 1.26 1.95
K. Opak/Gawe 166 2,569 4,17 1.60
Overall ' 628 6,826 3.00 Q.45
 Qverall 687 . 14,964 5,00 0.32
Source: Kali Progo Basin Study _
Table 15 Irrigation‘Syétems Between
K. Boyong and K. Opak ~  nit: ha
Tech, and Semi-Technical Non-Technical
No. of Area No, of Ar
_mfystems Systems ea
K. Boyong - 18 229.4
- 83 530.2
K. Belik
K. Buntung _ .
K. Tambakbajan 26 1,375.8 191 1,541.5
K. Kuning 10 712.3 .59 810.3
3 156.0 130 668.5
K. Godjahwong 25 1,031.0 108 1,050.0
K. Tepus 4 298.6 78 1,517.4
K. Wareng 2 79.8 19 294.8
K. Bening 1 21.3 12 236.0
K. Pete 5 159.1 . 142.7
K, Opaklcowe 2 131.3 136 1,712.0
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Table 16 Surveyed Sources of Domestic Water

(Unit: No. of Kelurahans)

Area Loca- Reser—
Type tion | Rivers|Springs|{Welld voirs [Rain
A 2 2
1 B 2
C 5} 1
A 2
2 B 1 1 3
C 1
3 1 2
Total 19 1 5 11 - 2

At Upper-stream B: Middle-stream C: Down-strean
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Table 19 Number of Visitors to Borebudur
- (Unit: Persons)
Year Domestic Foreign ~ Total Annual
o : _ . Growth (%}
1975 350, 285 49,014 399,359 -
1976 373,293 46,025 419,318 5.0
1977 443,880 45,122 489,002 16.6
1978 187,691 20,069 207,760 -

(Up to June)

Table 20 Number of Schools in Project Area

_ No. of Schools| No. of Persons | No. of Schipals
Area Type No. of Schools | o Kelurahan ! per School per kmh‘?
Nuée Ardente 36 1.4 2,175 0.26
Type T 92 3.4 1,171 1.18
Type 1I 135 2.8 1,444 0.92
Type 1II 56 7.0 1,016 0.79
_Type 1V 561 5.7 1,608 1,36 |
Total or 880 4.2 1.523 1.04
Average _ L
Table 21 Number of Hospitals in Project Area
Avea Type No. of Hospilals N:;fég:;?&?s km? per Hospital
Nuée Ardente o 0 - -
Type 1 4 26,922 .19.5
Type Il 11 17,725 13.4
Type I11 1 56,900 71.0
Type IV 55 16,400 7.5
Total or
Avorage 71 18,871 11.9
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4. AGRICULTURE

4.1 Land Use and Farmland Holdings
4.1.1} 1land Use

-The area covered by the plan has favorable natural conditions, including
pleatiful rafnfall (1,500 ~ 4,500mm anoually), generally gently sloping
tand (70% with a slope of 0-3° and 88% with a slope of 0-8°), and
fertile soll. Almost all of the cultivable land is being used. The
main feature of the land use pattern is that 86% of the land {s taken up
by farmland (62%) and hamlets (242). Furtherwore, approximately 70% of
the farmland consists of rice paddy fields, which for the most part
yield three crops a year--one of paddy and one or two of some other
field crop--although the number of crops depends on the particular
frrigation conditions. During the rainy seagon almost all of the paddy
paddy fields are used for paddy production (see Table 22},

4.1.2 Farmland Holdings

Aceording to the agricultural census of 1973, 83% of the farm households
in Central Java had farm holdings of less than 1 ha, accounting altoge~
ther for 52% of all the farmland, and only 0.4% had more than 5 ha,

accounting for 5% of the total. The average was 0.6 ha per farm house-
hold, '

The socioeconomic survey made in the area covered by the plan showed
that farmland holdings are even smaller on the average than for Central
Java as a whole (see Table 23): a full 96% of the farm households
having less than 1 ha of farmland and nearly 50% having less than 0.2 ha
(nearly 60% in Type-I areas). .

Table 24 gives breakdowns of the number of farm households for the .
categories of independent farmer (84.27%) owmer-tenant farmer (3.6%2),
and tenant farmer (10.2%). 1In Type-I areas, however, the tenancy rate
is somewhat higher, Considering the fact that the percentage of
agricultural workers and the structure of employment is high, it would

appear that in many cases members of farm households are employed by
other farm households.

" Tenancy fee payment is in cash in about 50% of the cases and in kind 1in
other cases, (see Table 25). 1Imr the case of cash payment the apmount
varies considerably, from about Rp.50,000 to about Rp.300,000 per year,
depending on the condition of the land, frrigation conditions, whether

or not the persons involved are relatfves, and other factors. 1In the case
of payment in kind the tenancy fee 1s usually half of the crop. In

Type-1 areas payment in cash is wore usual, in Type-II areas payment in
kind is move usual, and in Type-III areas the situation i{s about midway
between these two extremes. :
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4.2 Cropping Pattern

The cropping patterns in the different kabupaten of the area covered by
the plan are as listed below on the basis of agricultural statistics and
surveys carried out at the kelurahan level.

1) Kab. Magelang (5 kelurahan)

Rice is grown here in paddy fields prlmarily in the wet season.

The range of annual frequency of use thereof is 0.93-1.51 crops and
the average, 1.24 crops. The usval second crops are malze, gweet
potdatos, cassava, and groundnuts, in descending order of frequency.
Soybeans are also cultivated, but not much.

2) Kab. Sleman

The range of annual frequency of use of paddy fields here is 1.08-
2.57 crops, with a high average of 1.84 crops. The three major
second crops in descending order are cassava, grounduuts, and maize;
sweet potatos and soybeans are also grown considerably.

" 3) Kab. Klaten {6 kelurahan)

The range of annual frequency of use of paddy fields here is 1,15-
2.02 crops, with an average of 1,35 crops. The major second crops
in descernding order are maize, groundnuts, and cassavaj there is
also some cultivation of sweet potatos and soybeans.

Table 26 shows the amount of hectarage devoted to each of - the main

crops in the different kecamatan, and Table 27 gives exanples of
cropping patterns based on a survey of selected kelurahan.
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4.3  Agricultural Production
4,3.1 Agtdecdndmic'Analysia
| ) Stability of Agriaultural Production

Besides the level of agricultural production, its stabllity is also
of general importance, particularly in view of the strong influence
of natural conditions. The level of production of rice and

othet c¢rops is relatively high in Central Java, where the area
covered by the plan is located, in view of the high intensity of
crop management resulting from the small amount of arable land per
agricultural worker and a relatively high level of agricultural
technology. 1In 1976, for instance, the wet land paddy yield in
b.I. Yopyakarta was nearly 20% higher than the national average,
Other factors contributing to this are the richness of the soil and
favorable irrigation conditions., Given such a high level of pro-
duction, the main problem is that of the stability of such argirul-
tural production.

In this study, the yield fluctuation coefficients were calculated
for the main crops (irrigation paddy, dry paddy, maize, peanuts,
 soybeans, cassava, and sweer potatos) grown in the different kecamatan
of the kabupaten in the area covered by the plan on the basis of .
production statistics for the period 1967-1976, (kecamatan being the
. smallest administrative unit for which such statiscics are
. available)}.

Except'for a very few kecamatan, irrigation paddy production was
. quite stable, with a fluctuation coefficient of 15% or less in each
kecamatan (overall average 11%).

On the other hand, the fluctuation was rather high in the case

of dry rice in almost all of .the kecamatan at over 20%, and although
the yields of soybeans and sweet potatos were ¢omparatively stable
{16%), the fluctuation in the case of malze and cassava was greater
(20%), the reason in the case of cassava probably being the fact that
this crop is not managed as well as, say, rice and is grown on
marginal farmland

2) Land:Productivity'
Ia are¢as such as:this'in-which-the ratio of the area of farmland to
the - amount of labor input is low, 1t is necessary to raise the land
productivity as much as possible since this will also mean higher
labor productivity, as explained in the following equatfon:
P/l = P/A X A/L
.Where P: Amount of agricultural production
Lﬁ ~Labor ' _
A: Avea of farmland
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In other words, labor productivity (P/L) is theipfoducf of land
productivity (P/A) and the amount of farmland per agricultural worker
(A/L). When A/L is small, P/L can be Increased by increasing P/A.

Normally land productivity is ¢onsidered in terms of the yield per
unit of area when only a single kind of crop is given in the area in
question. In actuality, however, such areas are very uncommon} the
usual case being one of production of a number of different kinds

of crops in the same area, and in such caseés the overall land pro-
ductivity is what matters. That is why crop yield indices have been
used for the different kinds of crops in the case of this study.
Furthermore, in order to get an idea of the dynami¢ change in land
productivity, calculation was made for the different kabupaten and
kecamatan for the years 1971 and 1976 for the purpose of comparison.
The results, based on the figures given by the Central Statistics
Bureau for the standard ylelds for different crops in Central Java
and D.I. Yogyakarta (index = 100), were plotted as sectors on the
four quadrants of a graph, with classification of indices with above
and below 100 for each year. . This resulted in the following pattern!

Sector Productivity | 1971 Index | 1976 Index | No,

' ' :n kecamatan
1 Low below 100. | below 100 | - 7
2 Rising below 100 above 100 | 7

3 Declining above 100 below 100 11

4 High above 100 ‘above 100 |: 18

In Kabupaten Magelang, cOmprehenéive land produqfivity:was particuiar—
1y low, all of its kecamatan below 100 in 1976 and even lower than
that in 1971.

In case of Kabupaten Klaten and Sleman, however, the indices were
over 100 in both 1971 and 1976, and furthermore, there were more
kecamatan in them than in Kabupaten Magelang (see Table 27 and Fig.
3 and 2). ' : -

3) Degree of Speciélization of Agriculturai Production -

The direction that has been taken im the modernization of agricul-
tural production is to specialize in a profitable crop that is best
suited to local conditions. To consider the dynamic change in the.
degree of specialization, the six secondary crops (malze, cassava,
sweet potato, groundnuts, soybean and sugar cane) were consldered.

Specialization was particularly high in the case of {rrigation rice,
forty kecamatan having an index of over 1.0 in both years and one
having an index of under 1.0 in 1971 but over 1.0 in 1976. Other
crops with a degree of speclalization are sweet potatos and groundnut.
Maize, on the other hand, can be cited as a crop with a low degree

of specialization.
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4) Trend of Incvease in Yield

With respect to the future of agricultural productfon in Java, :
the point of saturation was examined with the concept in mind that
where it would be extremely difficult to increase the amount of

land under cultivation, the possibiifty for the advancement of agri-
cultural preduction must be by further intensification, f.e., in-.
creasing the yield per unit of area. Accordingly, in this analysis
the possibility of increasing the yield per unit of area has been
studied on the basis of the tendency in yield fluctuation over time,
using a 3-year moving average., The crops considered in this analy-
$is were the most basic ones-~irrigation paddy and dry paddy. The
regression equation used was of the first degree type: ¢ = a + bt
where ¢ is estimated yield and t {s the year, The present produc-
tivity level indicated by a results of the calculations showed that
in the caseé of irrigation paddy 37 kecamatan have a continuing
tendency of increase in yield. For them b has a positive value.
Only seven of the kecamatan had a negative value for b, For example,
the trend line for Kacamatan Manisrenggo in Kabupatan Klaten is
analyzed as follows:

© where y = 49.30 + 2.66t (t was 1972 = 0) r2 = 0.84

What this'méané:is that the jiéld is increasing by 2.66 quintal per
hectare each year.

The calculation was made only for kecawatan for which a moving a
average of seven years of move was obtainable, The results showed
that in the area in question there is still the possibility of
inténsification of cultivation of irrigation paddy, i.e., increasing
its yield per unit of farmland (see Table 28 and Fig. 5). The opinion
of experts at Gadjah Mada University also was that a 40% increase

in yield was feasible for the area in question.

'5) Correlation Between Land Productivity and Rate of Land Use

. Usually land productivity is measured in terms of the worth of the
'_agricultural production on a unit area of the land. Since, however,
the worth of the agricultural production depends on price and price
will be: lower with higher yields {production), this is not really
a very good way of indicating land productivity. Consequently, the
crop yield index used in this analysis,

As for the rate of use of the land, it 1s expressed as the ratio of
the total amount of land under cultivation to the total amount of
cultivable land, including both paddy fields and dry flelds., Only
in the case of Kabupaten Sleman and Klaten was a positive correla-
tion obtained between land productivity and the rate of use of the
land, and even those correlations were very low: 0.19 and 0.36,
Although the reliability of the data used may be questiOned it is
safe to say that {n the case of crops other than rice there is no
necessary direct connection between the degree of use of the land
‘and gselection of crops with high land productivity. This is further
substantiated by the fact, as we have just noted, the specialization
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coefficient is not particularly large for crops other than rlce.
In other words, there is still room for guidance of farmers with
respect to more advantageous crop selection.

6) Classifications of Irrigation Areas and Productivity

The productivity of the different classifications of irrigation
areas {(techniecal, semi-technical, and non- technical) was found as
desceribed below on the basis of comparison in terms of ¢rop yield and

rice productivity.

The technical irrigation areas tend to have productivity considerably
higher than that of the other irrigation area classifications. In
terms of crop yield indices, over 90% of the farmland in such areas
is characterized by either a high level of productivity or rising
productivity, and the gap between productivity tn such areas and

that in other areas ls widening to about 1119

Although productivity is rising in semi-technical and non-technical
areas, it is at a lower level than in technical areas. In terms of
crop yield indices, 63-79% of the farmland in semi-techmnical and non-
technical areas is accounted for by either high productivity areas

or areas in which productivity is rising, but in both semi- technieal
and nontechnical areas, 20% of the farmland is represented by low
productivity areas, which is an indication of how great the
possibility is for improvement. In 1376 rice productivity in these
areas was only 96-37% of that in technical areas, and this gap is
expected to widen to 87-82% by 1981 (see Fig. 6 - 9).

Technical areas have higher productiVLty than other areas. Since .
much of the periphery of G. Merapi consists of non- technical areas,
it is important that the irrigation systems in the area covered by
the plan be improved for greater stability and amount of water intake
in order that the level of agricultural production rise and greater
apricultural production stability be attained.

As things are now, it will not be possible to increase the irrigaw
tion water supply on the periphery of G. Merapi very considerably;
however, if the courses of the rivers involved are made more stable,
it will be possible to use rivers that have hitherto not been _
possible to utilize, converting temporary weirs to permanent welrs,
and upgrading nontechnical and semi—technical areas to technical
areas (see Table 29 and 30) :

7) The Direction of Promotion of Agricultural Praduéfiqn"

Concerning future policy for promotion of agricultural production,

the main crop in this area is and will continue to be rice. Since '
rice is an indispensable food crop for the whole natfon, one of

the main policles of Repelita -11T is that of raising the rate of
self-sufficiency in 4it. In populationudense Java in pareleular,.

it 1s important that the capacity to support more peaple be increased.
Tncreasing the production of rice and the possibility of introducing
more advantageous market crops are also important in terms of .
increasing agricultural income and in bringlng about an economic
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surplus for capital accumulation. In other words, as T.W. Schultz
has said, Indonesia's problem is not a farm problem, but a food
problem at this stage of its development. Hence, top priority should
be placed on the increasing the amount of production.

Rice production can be increased in two ways:! by cultivating it
more intensively and by increasing farmland acreage by converting
other land té farmland and opening up new land that is not now
being used. Both possibilities still seem to exist. It is neces-
sary in particular to increase the number of paddy fields in which
it is possible to grow a second crop by improving the production
infrastructure, particularly in terms of disaster preventioun and
irrigation works, and increasing the supply of ivrigation water and
the stability of such supply. Furthermore, if the supply of
irrigation water is improved, it will be possible to convert some
of the present dry fields to paddy fields, and it is therefore
desirable that a survey be made of the extent to which this will be
possible. It will also be neécessary to establish and popularize
the technical means of impeoving agriculture on the basis of more
rational drrigation, including the introduction of new impraved
varieties and consideration of what areas can use conventional
varieties to the best advantage. A local survey revealed that the
farmers in the area are still strongly oriented toward rice produc-—
tion. :

The next potential is that of the cropping pattern. Fo¥ the purpose
of preventing depletiOn of so0il fertilicy through repeated consecu-
tive growth of paddy rice (which would not bé a problem in areas
where the soil is of heavy clayish composition), the introduction

of green manure crops as a- seécond crop is a possibility. Further-

‘ more, if the- production infrastructure is further improved, there

is the possibility of crop rotation together with cash crops such

as maize and groundnut, and soybeans and tobacco. Legumes such as
groundnut ‘and soybean are particularly recommendable from the addl—
tiOnal standpoint of increasing soil fertility.

At high elevations where the farmland is not suitable for paddy
fields, it is possible to pear agricultural production more to the
ntarket by cultivating cucumbers and other fruit-like vegetables, and
lettuce and other leafy vegetables favored by the temperature varia-
tion at such high elevations. As the demand structure for food
changés with farther economic development, the demand for vegetables
should -inc¢rease considerably. In other words, the demand for vege-
tables has a high income elasticity. Fucthermore, considering the
fact that Yogyakarta City has a population of 2.5 million, the pro-
ject aréa can become a major supplier of fresh foods for that urban
population with agricultural production tailored to that function.
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4.3.2 Agricultural Inéome

1} Input

Table 31 shows the varleus kinds of inputs presently being used
for the cultivation of major crops based on agricultural statistics
and information obtained in the socioeconomic survey in the area
covered by the plan. '

Since detafled data was not available for different varieties of paddy
and for the dry and wet seasons separately, only average high yield
variety (HYV) inputs were estimated. Furthermore, the labor input

for paddy harvesting was not considered in view of the faet that

the traditional method of cutting with "aniani" knives is prevalent
and the number of participants is always uncertain. '

2) OQutput

Table 32 gives the estimated average yieldé per hec¢tare of main
crops at the kabupaten level based on agricultural survey by
kecamatan, - : .

Although ﬁhe yield per hectare of paddy is fairly high in compari-
son with the average for the whole country, in the case of maize,
cassava, groundnut, and soybean the yields are lower than the

national averages.

As for variation within the area covered by the plan, although the
paddy yield is lower in Kab. Magelang than in the other kabupaten,
there is hardly any difference between the three with respect to -
the yields of the other crops. T%Then again, the questionnaire survey
in hazard areas showed that the yield of paddy per uonit of farmland
was 10-50% lower than the average at the Kabupaten level which is
an indication of the fnstability of agricultural production there
owing to repeated disaster damage. Unless the disaster prevention
works are carried out, the yields in other neighboring areas that
are presently up to par with the average can be expected .to decline
as well, . : S

3) Production Costs for Main Crops

Table 33 gives the production costs‘fof the main croﬁs in the _
area covered by the plan, using 1972 unit prices on the basis of
agricultural survey and price statistics,

4) Production Returns for Main Crops
Table 34 shows the average net income per hectaré for the
different major crops, also using 1976 unit prices on the basis of

agricultural survey and price statisties.

Table 35 shows the net income per Income from farmland in each
kabupaten as summarize below.
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