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ABSTRACT: A team of scientists from GNS, NIWA and the Indonesian Agency for the 
Assessment and Application of Disaster Mitigation Technology (BPPT) undertook a 
reconnaissance mission to the South Java area affected by the tsunami of 17th July 2006. 
With a shoreline wave height of about 5 m above sea level the tsunami was of a size 
highly relevant to New Zealand. In the worst-affected area there were 430 deaths, 360 
injuries, and 3600 people displaced from their homes. 

The team used GPS-based surveying equipment to measure ground profiles and 
inundation depths along 17 transects across affected areas near the port city of Cilacap 
and the resort town of Pangandaran. The purpose of the work was to acquire data for 
calibration of models used to estimate inundations, casualty rates and damage levels. 

Water depths were typically 2 to 4 m where housing was seriously damaged. Damage 
levels ranged from total for older brick houses, to about 50% for newer buildings with 
reinforced concrete beams and columns, and to 5-20% for multi-storey hotels with 
heavier RC columns. “Punchout” of weak brick walls was widespread. Death and injury 
rates were both about 10% of the population exposed. 

1 INTRODUCTION 

At 3:24 p.m. local time (08:24 UTC) on the 17th July 2006 a shallow earthquake of moment magnitude 
MW 7.7 occurred approximately 240 km offshore of Java, Indonesia. It generated a tsunami that caused 
damage and casualties along a 200 km segment of the south coast of Java, with the worst hit area 
being the resort town of Pangandaran. Early reports suggested that there were about 500 deaths, 400 
injuries, 300 missing and 50,000 displaced persons. The earthquake was sufficiently far from shore 
that it was not felt in the tsunami area, so that the damage and casualties were due to tsunami alone. 

With a reported shoreline wave height of 3 to 5 m above sea level the tsunami appeared highly 
relevant to New Zealand, because estimated 500-year wave heights are in the range 2 to 6 m for most 
coastal cities in New Zealand (Berryman (Compiler) 2005). Hence, a joint New Zealand/Indonesian 
reconnaissance team visited the damage area with the aim of acquiring data for calibrating models 
used to estimate inundations, casualty rates and damage levels. See Cousins et al. (2006) for a full 
reconnaissance report. 

A key activity was the use of dual-frequency GPS receivers for measuring ground profiles and 
inundation depths. The equipment essentially consisted of two GPS receivers, one a base station that 
remained at a fixed point throughout the survey, and the other a rover that was taken to the 
measurement points. Provided the distance between the two units was not too great, i.e. less than about 
15 km, it could be assumed that the satellite signals received by each had experienced the same 
atmospheric conditions, and it was possible to remove atmospheric and other systematic effects from 
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the measurements. Positional accuracies of ±10 mm horizontal and ±30 mm vertical were then readily 
achievable. Those positional accuracies, however, were relative within a particular survey and became 
absolute only when linked to a reference such as a reliable bench mark. We were unable to find any 
suitable benchmarks in the survey areas, and so had to resort to a less precise method using sea level 
measurements and tide tables.  

The rover unit was fitted with a laser range finder that could measure distances and angles to points 
within a range of about 50 m. This greatly simplified the task of obtaining the heights of water marks 
and other depth evidence left by the tsunami. We estimate that accuracies of the measurements with 
the laser unit were about ±30 mm. The interpretation of the depth evidence, however, was sometimes 
less precise. 

2 DAMAGE OBSERVATIONS 

2.1 Damage to buildings 

Most of the buildings in the Pangandaran area could be classified into four main types, viz. timber, 
brick traditional, brick traditional with reinforced-concrete (RC) columns, and RC-frame with brick 
infill walls. The main features of each type, and the observed levels of tsunami damage, are as follows:   

2.1.1 Timber 

Timber post and beam construction, 100 mm x 100 mm posts at about 3 m spacing, posts attached to 
concrete floor/foundation with light metal tags, light and flexible walls, single storey, both houses and 
shops, with shops being regarded as “semi-permanent” construction. (Robust pole-type construction is 
excluded.) Not relevant to New Zealand. Observed damage levels were: 

• < 1 m of water (m above floor level) – light to moderate damage, 

• 1.5 to 2 m of water – 70% destroyed, 30% moderate to severe damage (probably repairable),  

• > 2 m of water – essentially total destruction (Fig. 1). 
 

Figure 1: Typical damage to semi-permanent wooden shops, after inundation to nearly 1 m depth (left) and to 3 
m (right). Only the concrete floors remain in the right image, where prior to the tsunami there had 
been a row of more than 30 shops. 

2.1.2 Brick traditional 

Unreinforced brick construction, often weak, single-skin brick walls often plastered on both sides, 
concrete floor, single storey, houses and shops. Not relevant to New Zealand. Damage levels were: 

• < 1 m of water – light to moderate damage, 

• 1.5 to 2 m of water – 70% destroyed, 30% moderate to severe damage (probably repairable), 
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• > 2 m of water – essentially total destruction, parts of a few buildings remained upright but 
mostly not repairable. Sometimes the concrete floor remained potentially reusable (Fig. 2).  

 

Figure 2: The remains of traditional brick houses after inundation to a depth of about 3 m. 

2.1.3 Brick traditional with RC-columns 

Rudimentary reinforced concrete columns, single-skin infill brick walls, often plastered on both sides, 
concrete floor, one and two storeys, houses and shops. Columns ranged from 100 mm x 100 mm with 
4 wires of 3 mm diameter, to 200 mm x 200 mm with 4 smooth bars of about 8 mm diameter. 
Observed damage levels were: 

• < 1 m of water – light damage, 

• 1.5 to 2 m of water – moderate damage (repairable), and 

• 3 to 4 m of water – severe damage (holes punched through 2 or more walls), but building 
upright and probably repairable (Fig. 3). 

 

Figure 3: Two relatively well-made brick villas with rudimentary reinforced concrete columns, after inundation 
to a depth of 3.8 m. Moderate to severe damage, but probably repairable in one case. 

2.1.4 RC-frame with brick infill walls 

Robust construction, houses, hotels and shops, usually two or more storeys, brick infill walls, often 
plastered both sides, reinforced concrete columns of at least 200 mm x 200 mm, at least 6 bars of 12 
mm reinforcement, concrete floors. Relevant to New Zealand. Observed damage levels were: 

• < 1 m of water – zero to light damage to ground floor, 
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• 1.5 to 2 m of water – light to moderate damage to ground floor (repairable), and 

• 3 to 4 m of water – moderate damage to ground floor (holes punched through 1 or more 
walls), but building upright and repairable (Figs 4 & 5). 

• Upper storeys were untouched and so provided refuge to people, and 

• overall damage levels were often very low (< 5 to 10%). 
 

Figure 4: Luxury beachfront villa after inundation to a depth of 3.8 m. It was strongly built with reinforced-
concrete columns (about 250 mm x 250mm), beams and floors, and walls of plastered brick infill. 
Reinforcement detail is shown at right. Overall damage – moderate (estimated damage ratio 15%). 

Figure 5:  Three-storey hotel after inundation to a depth of 3.3 m (left) and gymnasium at a orphanage after 2.5 
m (right). In both cases overall damage was relatively minimal (estimated damage ratios < 5%). 

2.2 Damage ratios for buildings 

Damage ratios, defined as (cost to repair)/(cost to replace), were derived from subjective estimates of 
the proportionate levels of damage to the four main structural elements of the damaged buildings, with 
the four elements being the foundation and floor (estimated 15% of total construction cost), walls 
(50%), roof and ceiling (15%) and fittings & services (20%). The importance of reinforcement was 
very clear – traditional unreinforced brick buildings were essentially totally destroyed (damage ratio = 
1) at an inundation depth of 2 m, but adding minimal reinforced-concrete columns reduced the damage 
levels to one third of that (0.33) (Fig. 6). Multi-storey buildings with substantial reinforced-concrete 
frames suffered relatively very low levels of damage. The zero points for the straight lines are not 
necessarily well defined, and probably are applicable only to the Pangandaran-type buildings which 
lacked soft interior linings likely to be damaged by water. 
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Figure 6:  Estimated damage ratios as a function of inundation depth for various types of Pangandaran 

buildings. The large symbols, some with depth ranges indicated, are for groups of more than 60 
houses, and small symbols are for single or small groups of buildings. A damage ratio of 0.9 indicates 
that the concrete floor was potentially reusable, 1.0 indicates that the area had been bulldozed clear. 

2.3 Damage to infrastructure 

2.3.1 Roads and bridges 

Few instances of physical damage were observed, even though we traversed many kilometres of roads 
that had been crossed by 3 m of water. The most serious instance was probably due to scouring of 
sandy foundation both by the incoming tsunami and by subsequent drainage of water along a river 
channel. We saw no damaged bridges. Most were either too far inland or too elevated to have been 
damaged. 

Clean-up costs are likely to have been significant, however. Given the amount of deposited sand up to 
100 m from the coast, it is probable that the roads near the coast were covered by at least 100 mm of 
sand after the tsunami. The roads had been cleared by the time of our visit. 

2.3.2 Poles (and trees) 

Power and phone poles withstood the tsunami well. A few leaning poles were noticed, but the vast 
majority were upright and appeared completely undamaged. A few coconut palms had been uprooted 
following scouring, but the vast majority of palms and trees appeared unharmed. 

2.3.3 Water supply 

Pangandaran Village appeared to have reticulated water, which was functional at the time of our visit, 
but the outlying villages relied on a combination of wells and rain water. Bottled water was widely 
used for drinking. The wells close to the coast had been contaminated by salt water and were unusable. 
Most wells were surrounded by circular walls about 500 mm high, which in the areas of significant 
structural damage to houses will have been overtopped by 1 to 3 m of water. 

2.3.4 Sewage disposal 

There was no sewer system in the area. The main method of disposal was septic tank. We observed a 
few septic tanks that had lost their coverings, but only in locations where houses had been destroyed. 
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2.3.5 Storm water disposal 

There was no piped system for disposal of storm-water. In Pangandaran there were surface channels 
up to 1 m wide by 1 m deep along a few roads. They were being emptied of sand during our visit. 

2.3.6 Sea walls 

There was a 3 m high sea wall along the eastern beach of the Pangandaran Peninsula. It had failed in a 
few places, but the damaged length probably amounted to less than 5% of the total length. 

2.3.7 Rail 

There were no rail facilities within 1 km of the coast in the areas that we visited. 

2.3.8 Ports 

The major port of Cilicap was within the tsunami zone, but had been screened from the tsunami by an 
island. 

3 GROUND PROFILES AND INUNDATION DEPTHS 

Ground profiles perpendicular to the coast were measured at 17 locations, and inundation depths were 
able to be obtained along 13 of them. Two examples are shown in Fig. 7. The localities visited were 
generally very flat, and typically followed the profile of Fig. 7, viz. gently sloping beach with a 1 m 
step at the upper edge, relatively flat sand dune 200 to 400 m wide (bearing houses and coconut 
palms), then steep descent to lower-lying paddy fields. 
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Figure 7: Ground profiles and estimated water levels (10) through a village of traditional brick houses (Fig. 2) 

and (11) in front of three beachfront luxury villas (Figs 3 & 4). The two profiles were 100 m apart. 

Figure 8 is an attempt to summarise the depth attenuation results. It was obtained by superimposing 
the inundation depth results for all transects, then moving each transect group along the horizontal 
(distance) axis to give the best visual match. The attenuation appears to follow an exponential decay, 
but this is likely to be somewhat illusory because at depths above 2 m the water was mostly flowing 
through and damaging buildings (with consequent high friction factor and attenuation rate) whereas at 
depths below about 1.5 m it was mostly flowing through paddy fields or along roads between 
buildings (low friction factor and attenuation rate).  Nevertheless, the overall trend seems well defined. 
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Figure 8: Attenuation of water depth – visual summary.  

4 CASUALTIES 

Detailed statistics on casualties and damage in the Ciamis District had been collected by the 
authorities, and were kindly provided to us. The Ciamis District includes the village of Pangandaran 
and the four other smaller villages that we studied. The data did not include the daytime locations of 
people, hence we had to make assumptions as to the occupancy rates of buildings that had been 
seriously damaged or destroyed, and also for numbers of people outdoors and at risk. One feature of 
the area that was very helpful, however, was the tendency for villages to be long and narrow and 
aligned parallel to the coast. Thus the water depth tended not to vary greatly across the four small 
villages. Fig. 9 compares the death and injury rates from the five villages and the whole Ciamis district 
with rates from other tsunami. 
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Figure 9: Death and injury rates as functions of water depth.  The trend line is fitted to the death data from prior 

events (Saunders (compiler) 2006). 
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5 CONCLUDING REMARKS 

The reconnaissance mission achieved all of its objectives. The surveying equipment, though 
cumbersome to transport, worked well in the field and has given data that we believe is unique and 
which will prove invaluable for calibrating tsunami inundation and loss models. Analysis of the data is 
ongoing and further results will be published in due course. 

The one significant difficulty we encountered was in obtaining suitable reference points for the 
elevation measurements. There were many benchmarks in the areas that we visited, but obtaining 
reference geoidal elevations for them was difficult. GPS elevations are based on an ellipsoid (i.e. an 
idealised elliptical model of the earth) and not the geoid (a gravity-based model that is closely related 
to sea levels and tides). Deviations between the two models can accumulate to several metres over 
horizontal distances of 10 - 20 km, and indeed did in the vicinity of Pangandaran, which meant that we 
were unable to use an accurately known tide gauge at the Port of Cilicap as a reference for our 
transects.  

The presence of knowledgeable local scientists was vital to the success of the mission. They were able 
to take us directly to areas of interest, were aware of bureaucratic requirements and local customs, 
knew where to find accommodation, and were able to converse with the local people.  

The scale of the disaster was about right. It was large enough that the damage was potentially relevant 
to New Zealand, but not so large as to make travel difficult in the affected area. Viewed as a whole, 
the town of Pangandaran was not severely damaged. It is true that there was total destruction along the 
beach fronts where hundreds of semi-permanent shops had been obliterated, and in nearby villages of 
fragile brick houses, but once the wave encountered the robust commercial buildings of Pangandaran 
the damage levels attenuated very rapidly. The robust buildings then “sheltered” other buildings 
behind so that structural damage extended no further than about 50 m from the beach. 

The timing of the visit, about 12 days after the event, also was about right. Although a great deal of 
clean-up had taken place before our arrival, the delay meant that the state of emergency had been 
lifted, visitors were permitted, most of the local populations had returned home and were back at 
work, and accommodation and support were available. 
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