
Introduction

The devastating Indian Ocean earthquake and tsu-
nami that occurred in December 2004 ranks among 
the worst natural disasters ever recorded. In Indo-
nesia’s Aceh Province alone more than 186,000 peo-
ple died, including an estimated 15–20% of fishers 
(~ 10,000 individuals). In addition, the tsunami 
damaged or destroyed over 10,000 small-scale fish-
ing boats, countless items of fishing gear, and asso-
ciated fisheries-related infrastructure (Garces et al. 
2010; Stobutzki and Hall 2005).

Besides the fishermen’s lives that were lost, another 
incalculable loss that resulted from the tsunami was 
the practical professional information possessed by 
the dead or missing fishermen. Prior to the tsunami, 
no scientific observations had been made in the sur-
rounding waters where the fishermen operated, 
hence there was no documentation regarding local 
fishing grounds. Likewise, the local knowledge of 
the fishermen had not been recorded.

In order to augment and complement the knowl-
edge of fishermen, scientific research and survey 
is required in this region. However, most conven-
tional research methodologies are expensive, take a 
long time to accomplish, and require the services of 
experts (Garces et al. 2010), whereas what is required 
is that: 1) research be inexpensive, 2) information be 

easily gathered, 3) data collection involve fisher-
men, and 4) all stages of the research process and 
its outcomes be applied to develop the skills and 
incomes of fishermen.

To accomplish that we used a community-based 
survey as a research activity, in which fishermen 
were involved in collecting the data. The research 
system was set up so that the fishermen could col-
lect oceanographic data at the same time as they 
were engaged in their regular fishing activities. As 
part of the post-tsunami rehabilitation and recon-
struction process in Aceh, fishing boats, gear and 
equipment formed part of the assistance provided 
to fishermen by the Body of Rehabilitation and 
Reconstruction (BRR) in Indonesia. Some fishermen 
were given global positioning system (GPS) sound-
ers with data-logging devices as part of fishing 
equipment installed on their boat. They used the 
equipment to collect and record oceanographic data 
while fishing. Fishermen were trained in using a 
GPS (Fig. 1) and reading the maps produced by the 
data they gathered (Fig. 2). Potential trainers were 
chosen both from among the fishermen and uni-
versity students, and were shown how to train for 
approximately one week. These people then trained 
the fishermen to use GPS. The data obtained by the 
fishermen were collected by the trainer who used 
the information to produce a map. On the boat, the 
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fishermen and trainer discussed daily sea-related 
activities. In the Panglima Laot4 office, the fishermen 
also provided information on the underwater haz-
ards (e.g. coral reefs) they had encountered, so that 
these could be added to the maps. 

The methodology we applied is not new. A few sur-
face currents were recorded in these waters using a 
ship drift method (Cutler and Swallow 1984), which 
is still used as a main reference source (Shankar et 
al. 1996), as well as for model and observation com-
parison (Schott and McCreary 2001; Shankar et al. 
2002), and model validation (Durand et al. 2009; 
Song et al. 2003). However, none of those obser-
vation surveys used fishermen as data collectors; 
rather, a scientific research vessel was used.

The waters around Aceh are bounded by the Indian 
Ocean and the Strait of Malacca, with myriads of 
small islands along the coast of Sumatra (Fig. 2). 
Few oceanographic data have been collected from 
the Malacca Strait and the waters near Aceh. Thus, 
the recording and collection of oceanographic data 
by fishermen is a very useful activity not only for 
fishermen, but also for universities, research institu-
tions and governmental agencies.

For fishermen the collection of oceanographic data 
is of direct importance to their livelihood because 
the purse seine they use can easily be damaged 
by coral reefs. This research provides fishermen 
with detailed information about currents, which 
enables them to avoid coral heads. Mapping ocean 
currents can be done by fishermen themselves at 
very low cost, and because they can use the maps 

4 SPC Traditional Marine Resource Management and Knowledge Information Bulletin #31 – May 2013

Figure 1.  Fishermen being trained to: a) use a GPS and data-logging instrument,  
and b) read a map produced from the raw data they gather.

produced by the data, the benefits of the research 
are immediately obvious. This immediate and 
obvious feedback reinforces the value of partici-
pation in the research.

To validate the data, we compared the collected 
data with the results of numerical modelling (Rizal 
et al. 2012). The goals of this research were to 1) 
establish interaction between the university and 
the fishermen, and 2) increase the fishing commu-
nity’s knowledge of its environment.

Materials and methodology 

Participation of fishermen. Data were collected 
daily for 36 days, using 45 purse-seine boats. The-
oretically, data should have amounted to 1,620 
units; but because some boats did not operate on 
all 36 days, the actual amount of data collected is 
856 units. Most fishermen who participated in this 
research have their fishing ground in the north-
ern waters of Banda Aceh. As a result, the ocean 
current data described here are for the northern 
waters only.

The data collection requires no special or extra 
effort by the fishermen. They deploy their net 
when they spot a school of fish, and later haul the 
net back into the boat (as they normally do). It is 
during this regular fishing activity that we identify 
and measure the ocean current by analyzing the 
boat track. 

Boat and fishing gear. The size of the purse-
seine boats involved in this data collection is 

4 In Aceh Province the Panglima Laot institution dates back to the 17th century (Nurasa et al. 1987). The term refers to both the institu-
tion and those elder men elected from among the senior boat captains to lead the fishermen in the immediate area. The duties of 
the Panglima Laot include enforcement of traditional fishing regulations, control of access to key areas, resolving disputes between 
fishermen, and organizing sea rescues for vessels in distress (Wilson and Linkie 2012).



about 27–30 gross tons. The boats are wooden, 
with a round bottom, and powered by a 150–230 
horsepower diesel engine. Twenty-two fishermen 
(including a skipper) were onboard for each fish-
ing trip. Figure 3 shows the activity when the bot-
tom of the net is closed.
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Figure 2.  The study area 
(red box) at the northern 
tip of Aceh. Aceh waters 
are bounded by the Indian 
Ocean to the west, and the 
Malacca Strait to the east. 
Banda Aceh is the capital of 
Aceh Province.

Figure 3.  A purse-seine boat closing the bottom of the net. 

Most purse seines used by these local fishermen are 
about 1,200 m long and 80 m deep. This gear acts 
as a giant drifter that starts with the closing of the 
bottom of the net and ends when the net is hauled 
as shown in Figure 3. The net is hauled manually, 
which takes approximately 30–40 minutes.



Track analysis. To collect raw data, the standard 
operational procedure is as follows:

a. The boat goes to point A, and to point B.
b. From point B, the boat follows a circular course 

(only once) that ends at point B again. At point 
B, the propeller must be stopped

c. From point B to point C, and until reaching point 
D, the boat starts drifting, and is moved by the 
ocean current only. 

d. At point E, the work is finished and the net is 
hauled into the boat.

Figure 4 shows the steps of the standard operating 
procedure. From Figure 4, we measured the dis-
tance B–C–D (zB-C-D). From this information, using 
the following formulas, we determined the current 
velocity (|v|) and its direction (α), with time being 
the time needed by the boat to go from B to C to D; 
y the distance of B–D projected on the longitudinal 
axis, and x the distance of B–D projected on the lati-
tudinal axis.

|v| = zB-C-D/time (1)

α = tan-1(y/x) (2)
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Figure 4.  Tracking of a purse-seine fishing operation. In this example the data used to estimate the current  
velocity and direction were collected from point B to C and to D, as the boat drifted.

Analyzing tides. Figure 5 shows the location of two 
tide stations — Ulee Lheue, by the Malacca Strait 
and Pulau Rusa, by the Indian Ocean — used to cat-
egorize the data. For each station the exact timing of 
the four tide categories was determined as shown 
in Figure 6: (a) rising, (b) high (local maximum sea 
level is reached), (c) falling, and (d) low (local mini-
mum sea level is reached). 

In the example shown in Figure 5, data from Ulee 
Lheue station was used, as it was the closest station 
to the recorded boat’s track (in green). 

Results and discussion 

Figure 7 summarizes the ocean current direction 
and velocity calculated from data provided by 
fishermen. Figures 8, 9, 10 and 11 show the ocean 
currents observed during the period 25 November 
2007–31 December 2008 for locations 1, 2, 3 and 4.   

In order to validate the data, all observed and ana-
lyzed current velocities (in the u component, the 
east–west vector component) were plotted on model 
figures obtained and derived from numerical model 
results (see Rizal 2000, 2002; Rizal et al. 2012). 
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Figure 5.  Tide station selection. In this example, Ulee Lheue station was chosen  
as it was the nearest one to the boat’s track.

Figure 6.  Tide type categorized using a day’s worth of data. The red lines in each figure correspond  
to the start and the end of each tide type: (a) rising, (b) high (local maximum sea level reached),  

(c) falling, and (d) low (local minimum sea level reached).
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Figure 7.   Ocean current direction and velocity calculated from data provided by fishermen. Location 1 is the Aceh 
Islands and surrounding waters; location 2 is offshore of Lhok Nga; location 3 is offshore of Leupung; and  

location 4 is offshore of Glee Bruek. Most observations were recorded within the waters of the Aceh Islands  
and offshore of Leupung; few observations were made offshore from Lhok Nga and Glee Bruek.
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Figure 8.  Ocean currents observed 
around the Aceh Islands by 
fishermen (see corresponding 
location and legends in Fig. 7).
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Figure 9.  Ocean currents observed 
offshore of Lhok Nga by fishermen  

(see corresponding location  
and legends in Fig. 7).
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Figure 10.  Ocean currents observed 
offshore of Leupung by fishermen  

(see corresponding location  
and legends in Fig. 7).

Figure 11.  Ocean currents observed 
offshore of Glee Bruek by fishermen 

 (see corresponding location  
and legends in Fig. 7).



Figure 12.  
Comparison between 
fishermen’s observations of 
currents around the Aceh 
Islands (Fig. 8) and model 
results during December 2007. 
Solid black line indicates values 
extracted from the model; 
circles correspond to values 
extracted from observations.
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Figure 13. 
Comparison between 
fishermen’s observations of 
currents offshore of Lhok Nga 
(Fig. 9) and model results 
during December 2007. Solid 
black line indicates values 
extracted from the model; 
circles correspond to values 
extracted from observations. 

Figure 14. 
Comparison between 
fishermen’s observations of 
currents offshore of Leupung 
(Fig. 10) and model results 
during December 2007. Solid 
black line indicates values 
extracted from the model; 
circles correspond to values 
extracted from observations.

Figure 15. 
Comparison between 
fishermen’s observations of 
currents offshore of Glee Brueh 
(Fig. 11) and model results 
during December 2007. Solid 
black line indicates values 
extracted from the model; 
circles correspond to values 
extracted from observations. 
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As can be seen in Figures 12, 13, 14 and 15, most 
velocity values extracted from data collected by the 
fishermen agree well with the model results. 

Conclusions 

The involvement of fishermen was highly success-
ful, and they willingly shared their data, which 
they regard as being of importance to both them 
and the researchers. Because daily data collection 
was done by the researcher on each boat returning 
from a fishing trip, fishermen and the researcher 
were able to interact and transfer their knowledge 
about using the GPS sounders with data-logging 
device, and share data results and other experi-
ences. The fishermen were interested to know the 
results of the data that they collected. 

From the results described above, it can be con-
cluded that the observation and collection of data 
by fishermen is an effective and low-cost way to 
gather abundant observations, and can be used to 
facilitate knowledge transfer between researcher 
and fishermen. 

The observations and model results of cur-
rent velocity agree well for this region. This 
collaboration demonstrates the importance of 
observation by fishermen, in collaboration with 
a researcher can yield fruitful results, both for 
observation and for validation with the model. 
These experiments achieved successful results 
despite the limited budget.
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