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Abstract Catch fluctuation of Sardinella lemuru in the Bali Strait in the period 2007 - 2019 shows a 
significant decrease. The fishermen of this area demanded information on the Potential Fishing Zone (PFZ) 
specifically targeted for Sardinella lemuru beyond their traditional. PFZ will be very helpful, especially 
during the famine years. Identification of a Potential Fishing Zone (PFZ) is highly important for increased 
fishing yields and also reduced fishing time for fishermen. Bali strait is dominated by Sardinella lemuru and 
contributes 16,2% of the total small pelagic fishery production in Fisheries Management Area (FMA) 573. 
Bali Strait also supports the fishing industry in Muncar (Banyuwangi-East Java) and Pengambengan 
(Jembrana-Bali). This study will produce a special PFZ for Sardinella lemuru that is not yet available in 
Indonesia by using remotely sensed and observer data. Here, we apply the Empirical Cumulative 
Distribution Function (ECDF) algorithm approach for Sardinella lemuru detection. ECDF was developed 
using Sea Surface Temperature (SST) and Chlorophyll-a (Chl-a) data from Aqua MODIS and extracted 
according to observer data during 2011-2014. PFZ for Sardinella lemuru in Bali strait was affected by 72,8 % 
Chl-a conditions and 27,2% by SST conditions. The maximum suitable preference for Sardinella lemuru in 
Bali Strait is Chl-a condition at 0,2 mg/m3 and SST condition at 28,38°C in northwest monsoon, while in 
southeast monsoon are 0,97 mg/m3 for Chl-a and 25,61°C for SST. ECDF model result has 69,33% accuracy, 
which shows the result of Sardinella lemuru PFZ has good accuracy.  

1.Introduction 
Bali Strait is a semi-closed water body, so it has relatively 

constant oceanographic dynamics. The upwelling process in 
the southern part of Bali Strait occurred during the east 
monsoon, which is a part of the broader upwelling process 
in the Indian Ocean on the south of Java Island. Bali Strait is 
known to have more upwelled water for longer periods 
(Ghofar, 2005). The upwelling leads to an increase in Chl-a 
concentration that attracts the schooling of small pelagic 
fish groups (Carpenter and  Niem, 1999). Changes in SST 
condition in the Bali Strait also depend on seasonal 
variation, during the east monsoon the SST is relatively 
cooler than in the west monsoon (Ridha, Hartoko and 
Muskanonfola, 2013). The SST of this area was observed to 
increase in November and reached the highest temperature 
in March, then decreased in April with the lowest value in 
September (Susilo, 2015).  

The fisheries potential of FMA 573 is dominated by both 
small and large pelagic fishes, approximately 294,092 
thousand tons/year and 505,942 thousand tons/year, 
subsequently (Republik Indonesia, 2016). The Bali Strait 
itself contributes 16,2% of the total small pelagic fishery 
production in FMA 573. The high abundance of fishery 
resources in the Bali Strait is generally comprised of small 
pelagic fishes that live in groups. Lemuru (Sardinella lemuru) 
dominates with a percentage of 90% of the fish caught, 
followed by a smaller proportion of  Tuna (Auxis thazard), 
Layang (Decapterus sp.), and Tembang (Clupea spp.) 

(Sartimbul et al., 2016). Bali Strait is very unique, the main 
catch that fishermen are looking for is Sardinella lemuru 
(monospecies), fishermen also only use one uniform fishing 
gear (monogear). Sardinella lemuru is important species in 
Bali Strait. Sardinella lemuru is important species in Bali 
Strait. Lemuru is a sardine species found exclusively in Bali 
Strait, which is why its scientific name is Sardinella lemuru, 
which perpetuates the local name of this fish. Sardinella 
lemuru also support fish industry in Muncar (Banyuwangi-
East Java) and Pengambengan (Jembrana-Bali).  

In recent years, the fishing condition in the Bali Strait is 
highly volatile for several reasons; the first reason is 
influenced by climate and annual phenomena such as El 
Nino or La Nina (Gaol et al, 2004) . The exploitation rate also 
was greater than the optimum exploitation, indicating 
overfishing had occurred because of pressure resulting from 
the high mortality rate and exploitation rate (Wujdi, 
Suwarso, dan  Wudianto, 2012). Catch fluctuation of 
Sardinella lemuru in the Bali Strait in the period 2007 - 2019 
shows a significant decrease. This fluctuation is affected by 
ENSO and IOD phenomena. Means in 2007 - 2011 La Nina 
happened concurrently with negative IOD then the catch of 
lemuru decreased, whereas if there is a positive El Nino and 
IOD phenomenon the catch will be an increase (Saputra et 
al.,  2017). Catch of small pelagic fish increased sharply in 
positive IOD years and decreased in negative IOD years and 
El Nino La Nina years contribute to dramatically Chl-a 
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concentration changes ( Gaol, Arhatin and Ling, 2014). 
Moreover, the fish stock of the Bali Strait is currently 
overfished. Due to this condition, the fishermen of this area 
demanded information on whether their area has an 
oceanographic-based Potential Fishing Zone (PFZ) beyond 
their traditional PFZ. By using PFZ, fishermen will be very 
helpful, especially during the famine years. Identification of 
PFZ is highly important because a previous study indicated 
that the locations of PFZ were consistently changing, and the 
prediction has increased the fishing yields in addition to 
reduced fishing time, thus cut down fishermen's expenses 
for vessel fuel(Tummala, Masuluri and Nayak, 2008). 

Previous PFZ studies have been extensive, with a variety 
of methods and tests conducted on specific fish species, 
each with positive results. The PFZ has mostly explained the 
relationship between the physical parameters of the oceans 
and the presence of fish calculated from statistical models. 
Non-parametric of multiple linear regressions as Generalized 
Additive Model (GAM), which is can estimate a PFZ by 
determining the relationship between Catch per Unit Effort 
(CPUE) and environmental variables   (Hastie and Tibshirani, 
2017). Example of this approach is a study on Rastrelliger 
kanagurta PFZ  in the Exclusive Economic Zone (EEZ) of 
Malaysia with accuracy 75% (Shaari and Mustapha, 2018). 
Data mining approach as Boosted Regression Trees, 
Clustering, or Maximum Entropy can also be used to predict 
PFZ. Boosted Regression Trees is a forecasting model of the 
fishing ground by comparing fishing area with fishing effort, 
which a study performed in the Yellow Sea and the East 
China Sea to predict the location of mackerel and the results 
show that the forecasting model of fishing ground has a high 
prediction performance (Gao et al., 2016). Another study 
about Boosted regression Trees is PFZ Japanese common 
squid in the waters of Japan, which show good model 
performance and the high feasibility of prediction into the 
actual fishery forecasting (Zhang, Saitoh, dan Hirawake, 
2017).  Clustering method for PFZ can be done by computing 
the mean of fish catches for each area, then compare each 
of that means with the threshold. The maximum entropy 
model is another option to generate the PFZ prediction of 
Tuna and has a high value of AUC models  Previous studies 
also using multivariat anaysis for example knowledge-based 

expert system with some rules or feature exploration used 
to generate Tuna fishing zone. Both studies show high PFZ 
accuracy results, which are more than 80%. Last method is 
Empirical Cumulative Distribution Function (ECDF), this 
method has been done by for Thunnus detection in the 
Indian Ocean South of Java using ARGO FLOAT SST data and 
actual Thunnus catch data. ECDF is spatial modeling that 
uses polynomial regression equations based on the spatial 
distribution data of a selected fish species. The results of 
these studies are Thunnus PFZ maps with more than 80% 
accuracy. Our research is a part of PFZ method 
development, means finding a suitable method to improve 
accuracy on PFZ models. There are many methods to 
generate PFZ, we choose to adopt the ECDF method to 
detect Sardinella lemuru. This method is more objective 
than the parametric statistics, becauses not based on a 
mathematical function but it is based on data itself. When 
representing a variable through an empirical distribution, we 
are not making judgements about the distribution, but it 
follows the data. This method has also been proven to 
produce high PFZ and can be applied in Indonesian waters. 
Further, this study will produce a special PFZ for Sardinella 
lemuru that is not yet available in Indonesia.    The 
exsistence of this lemuru PFZ will help fishermen in Bali 
Strait to regarding information where Sardinella lemuru can 
be captured, especially during famine periods. 
 

2. The Methods 
Study Area 

Our investigation was directed in the Bali Strait with the 
coordinate boundary of 8,07° - 8,94° S and 114,16° - 115,27° 
E (Figure 1), which was focused in the selected red box 
area  . This boundary was assigned based on the catch 
activity of the Bali Strait fishermen, in which the fishing 
locations were compiled from several zones, from the north 
Blimbing sari to the south Jimbaran area. The Bali Strait is a 
semi-closed strait that separates Java and Bali Islands. This 
strait is included in the Indonesian Fisheries Management 
Area (FMA) of 573 so its characteristics are still influenced 
by oceanographic conditions of the Indian Ocean on the 
southern part of Java.  

BALI STRAIT‘S POTENTIAL FISHING ZONE  Dinarika Jatisworo, et al. 

Figure 1. Bali Strait Area 
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Data 
Satellite-derived environment variable  

Environmental variables used in this study were SST and 
Chl-a concentration. These variables were derived from 
Aqua MODIS daily and monthly satellite data with a spatial 
resolution of 4 km from 2011 to 2014. Aqua MODIS data 
obtained from Ocean Ecology Laboratory, Ocean Biology 
Processing Group for providing Moderate-resolution 
Imaging Spectroradiometer (MODIS) Aqua 11µm Day/Night 
Sea Surface Temperature Data; 2018 Reprocessing. NASA 
OB.DAAC, Greenbelt, MD, USA on https://
oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/
L3M/SST/2014 for SST and Imaging Spectroradiometer 
(MODIS) Aqua Chlorophyll Data; 2018 Reprocessing. NASA 
OB.DAAC, Greenbelt, MD, USA on https://
oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/
L3M/CHL/2018 for Chl-a datasets. The satellite data were 
then matched with the location and date of observer data. 
Both data are used to develop the ECDF algorithm of 
Sardinella lemuru PFZ in the northwest monsoon and 
southeast monsoon.  
 
Observer Data 

The observer is a specific fishing vessel personnel who 
monitors fishing activity onboard and also records all details 
regarding catch information i.e. fishing ground coordinates, 
fish biology data, oceanographic data, total catch, length-
weight of fish, and type of fish. All data recorded by the 
observers are called observer data. The observer data of Bali 
Strait were recorded continuously from 2011 to 2014 from 
observers of purse seine fishing vessels. Daily recorded data 
were based on the dates of boarded vessels. In this study, 
the main information taken from observer data was fishing 
ground coordinates and the total of catches. Each fishing 
ground coordinate is used for the extraction of SST and Chl-
a from satellite images. In total, there were 247 observer 
stations during 2011-2014, of which we used 70 % of the 
data for model development and 30 % of the data for model 
validation. Figure 2 showed the distribution of all observer 
data recorded in 2011-2014 in  northwest and southeast 
monsoons.  

 
Methods 

This study will calculate the contribution value of SST 
and chlorophyll-a data to the catch of lemuru. The result of 

the contribution value will determine the peak of the 
probability value of each parameter in the ECDF polynomial 
graph.  The ECDF algorithm will produce the values of f(t), g
(t), and d(t). f(t) represents the frequency of fish occurrence, 
g(t) represents the frequency of fish abundance, and d(t) 
represents the suitable area preference of fish. The PFZ 
generated from this research also needs to be seen for its 
accuracy. Therefore, it is necessary to test the performance 
of the model. Model performance test is carried out using 
the confusion matrix, which is the expected accuracy value 
is more than 50%.  

The Main data used is MODIS, so the SST and Chl-a  data 
obtained are surface information.  The data are then 
juxtaposed with the occurrence of the fish. There is thus a 
difference in information between the presence of fish and 
the physical parameter. This difference is not significant due 
to the lemuru found in the homogeneous layers of water. 
Sardinella lemuru is a small pelagic fish that lives grouping at 
depths and found at depths of less then 60 meters (Susilo, 
2015). In the waters, there are usually homogeneous layers, 
as well as in the Bali Strait. Mixed layer depth forms a 
homogeneous layer to a certain depth (Ryandhini et al., 
2015) In the west monsoon the homogeneous layer has a 
thickness of approximately 100 meters, while during 
upwelling in the east monsoon the homogeneous layer 
becomes thinner, which is less than 30 meters (Ilahude, 
1978; Ryandhini et al., 2015). Therefore, with information 
on the water surface, conditions in vertical waters tend to 
be the same as on the surface. 
 
Conditional Permutation Importance  

The permutation Importance function was selected to 
calculate the feature importance of an estimator for a given 
dataset. This step was used to calculate the percentage 
contribution from environmental variables to the amount of 
catch in observer data. Following the statement of(Strobl et 
al., 2009), a variable that is correlated with a relevant 
predictor variable can receive a high importance score. 
Percent Contribution (PC) in this step is fully carried out 
using R package version 3.4 (R Core Team, 2018). To develop 
a PFZ algorithm based on ECDF analysis, it is necessary to 
calculate the percentage contribution of SST and Chl-a, to 
find out which variables that have higher contribution values 
than other variables.  
 

Indonesian Journal of Geography, Vol 54, No 2 (2022): 254-262 

Figure 2. Distribution map of observer data obtained during 2011-2014 in the Strait of Bali in Northwest monsoon (left); South-
east monsoon (right). Observer stations are presented by red dots. 

https://oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/L3M/SST/2014
https://oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/L3M/SST/2014
https://oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/L3M/SST/2014
https://oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/L3M/CHL/2018
https://oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/L3M/CHL/2018
https://oceancolor.gsfc.nasa.gov/data/10.5067/AQUA/MODIS/L3M/CHL/2018
https://jurnal.ugm.ac.id/ijg/issue/view/4860
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Empirical Cumulative Distribution Function 
ECDF analysis was applied to the data of SST and Chl-a. 

SST and Chl-a data were extracted according to observer 
date and location. The presence of fish in the observer data 
was represented by the frequency (modus) of t. The t value 
is obtained from the extracted environmental variables 
from satellite images at each observer location. The 
frequency of fish occurrence was then analyzed based on 
the distribution curve of the function f (t) as follows: 
 
l(xi) = 1, if xi ≤ t 
           = 0, otherwise                                                                  (1) 
 

where f(t): empirical cumulative frequency distribution 
function, t: observed oceanographic variable from lowest to 
highest value, n is the number of observer data, l (xi): 
function indication, xi: the value of oceanographic variable 
extracted from each observer data. The frequency of fish 
abundance that represents a suitable preference of SST and 
Chl-a of each fishing ground was analyzed using the 
distribution curve of function g(t) :  

 
                                                         (2) 
 

 
where g(t): catch-weighted cumulative distribution function, 
yi: volume of fish catchment at each observer data, and ȳ: 
average of the fish catchment. The suitable preference of 
PFZ was developed based on the function of d(t) as follows: 

   
                                                               (3) 
 

Where d(t): the absolute value of the difference between 
the curve f(t) and g(t) at any point of t. 
 
PFZ performance test 

One method of measuring model performance is the 
confusion matrix or usually called the error matrix. A 
confusion matrix summarizes the classification performance 
of a  classifier concerning some test data and contains a two
-dimensional matrix, indexed in one dimension by the true 
class of an object and in the other by the class that the 
classifier assigns (Ting, 2017) . This method was chosen 
because observer data in northwest monsoon are very few 

and the total observer data used for validation in this study 
is measly, it is not quite right to use regression to calculate 
the accuracy. PFZ results are classified into the value of 
probability from 0-1 (low-high) and will be compared with 
fish catch volume in kilograms. Classification of PFZ 
probability differentiated P > 0,5 (high) and P < 0,5 (low) as 
predictive values. On other hand, actual values were 
presented by catch volume in the same location of PFZ. 
Catch volume was also classified into two class V > 1000 kg 
(high) and V < 1000 kg (low). Representation of the 
confusion matrix results is True Positive (TP), True Negative 
(TN), False Positive (FP), and False Negative (FN). The 
performance metrics that we will get from the confusion 
matrix are sensitivity (recall), specificity (precision), and 
accuracy(Kohavi and Provost, 1998). The equation for each 
performance metric is as follows: 

 
                       (4) 
 

                                            
                                       (5) 
   

 
                     
                           (6)                                                                                          
 

3. Result and Discussion 
Spatio-temporal variation of SST and Chlorophyll-a 

Monthly average conditions of SST and chlorophyll-a in 
the Bali Strait during the period of 2011-2014 showed 
fluctuating patterns with temperatures ranging from 24 ° C 
to 30 ° C (Figure 3). The pattern observed from these data 
showed that the increase of SST was followed by Chl-a 
decrease and vice versa. During the selected period, the 
highest average temperature occurred in February 2011 and 
the lowest in September 2011, while Chl-a was the highest 
in August 2012 and the lowest in December 2014.  

The northwest monsoon was represented by the 
average data of December, January, and February, while the 
southeast monsoon was represented by the average data of 
June, July, and August. The SST of the southeast monsoon 
was relatively colder than during the northwest monsoon, 
with the average SST in the southeast monsoon being 26,4°
C, while the northwest monsoon is 29.5°C. The SST was 

Figure 3. Monthly variability of SST and Chl-a derived from Aqua MODIS in the Bali Strait during 2011-2014 
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increased in the northwest monsoon starting in September 
and then decreased in April. The Chl-a variability was 
opposite to SST variability, as Chl-a was high in the 
southeast monsoon with an average reached 1,99 mg/m3 
and was decreased in the northwest monsoon with an 
average of 0,21 mg/m3. Chl-a was increased in the 
southeast monsoon starting in April and decreased in the 
northwest monsoon of November. A spatial comparison of 
Chl-a and SST conditions in both monsoons can be observed 
in Figure 4. The condition of Chl-a as presented in Figure 4 
showed that the water of Bali Strait was always fertile 
despite different seasons. The chlorophyll-a values in both 
seasons were ranging from 0.1 to 2.0 mg/m3. Referring to 
the average environmental condition of Indonesian seas, 
these values of chlorophyll-a were suitable for fisheries. 
From the data above, it can be inferred that during the 
selected period, the Bali Strait is an area that has a high 
potential to catch fish throughout the year. The difference 
in Chl-a values between the northwest and southeast 
monsoons was ranging from 0.2-2.0 mg / ml3, with 
homogeneously lower distribution in the middle of Bali 
Strait. High Chl-a in the coastal area is predicted due to the 
inflow of recently upwelled water from the Indian Ocean. To 
avoid errors due to high Chl-a in the coastal area or near 

shore, the Chl-a range 0.1 to 2.0 mg/m3 is used as the upper 
and lower threshold for the selection of Chl-a values, so it 
will not be in the miss interpreted area.  
 
Percentage contribution of SST and Chlorophyll-a and ECDF 
analysis 

The result of Conditional Permutation Importance is 
shown in Table 1. Indicated that Chl-a percent contribution 
was greater than the SST variable. Chlorophyll-a was the 
main driver of Sardinella lemuru's environmental 
preferences, which has a 72.8% effect on lemuru. While SST 
is the second parameter because only 27.2% of the 
contribution has affected the occurrence of Sardinella 
lemuru. These values were used to determine the 
proportion of influence of each variable on the ECDF 
algorithm. 

Variable Percent Contribution (%) 

Chl-a 72,8 

SST 27,2 

Table 1. Value of Percent Contribution 

Source : Data Processing  

Figure 4. Spatial distribution of (a-b) Chl-a and (c-d) SST in the Northwest and Southeast Monsoons 

Indonesian Journal of Geography, Vol 54, No 2 (2022): 254-262 
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Primary production (PP) can be estimated from marine 
planktonic, while in remote sensing total Chl-a 
concentration is used to proxy phytoplankton biomass 
because it is colored, specific to, and shared amongst all 
primary producers (Huot et al., 2007). The fact of Chl-a as 
the main variable for PFZ is highly influencing the presence 
of pelagic fishes in the Bali Strait. The reason why the 
percent contribution of Chl-a was the dominating variable is 
closely related to the food chain process. The Chl-a 
condition was suitable for planktivorous fish as the 
consumers, whose position in the food chain process is not 
too far from the primary producer (phytoplankton). The 
growth of lemuru in Bali Strait has tended to follow the 
phytoplankton abundance, this condition following an 
increase in Chl-a up to September and followed by an 
increase in zooplankton abundance as food for large fish 
(Gaol et al., 2004). These small and planktivorous fishes thus 
play a crucial role in the trophic dynamics of marine 
ecosystems, either by top-down controlling planktonic 
organisms or bottom-up controlling predators. The 
concentration of Chl-a reaches a peak in the southeast 
monsoon (June to August) because along the southern 
coasts of Java southeasterly wind generates upwelling, 
bringing cooler waters and nutrients to the surface, whereas 
conditions are reversed during the northwest monsoon 
(December to February)(Ningsih dkk., 2013).   

As the result above, i  t is quite possible to produce PFZ 
using Chl-a as the main variable for the prediction of small 
pelagic fishes. There is a positive correlation between small 

pelagic production and chlorophyll-a concentration( Gaol et 
al., 2004). Small pelagic species like Sardinella lemuru, lived 
above the thermocline, it would distribute shallower, and 
possible to detect their habitat from satellite data.  

The condition of SST between the two seasons showed a 
non-significant change. The difference between both times 
was homogeneous in all parts of Bali Strait, which was 
around 2.0 - 2.5 ° C. The smaller percentage of SST to 
influence the PFZ has changed our previous assumption of 
PFZ production in this area. SST was generally the least 
important variable because the relationship between SST 
and fish presences varied considerably, especially for fish 
that had the largest range and variation in SST (Lanz et al., 
2009).  
The suitable preference of SST and Chl-a based on a 
calculation of fish occurrence and fish abundance in both 
monsoons using ECDF analysis was presented in Figure 5.  
The maximum of suitable preference of Chl-a at 0,2 mg/m3 
and SST at 28,38°C in northwest monsoon, while in 
southeast monsoon is 0,97 mg/m3 for Chl-a and 25,61°C for 
SST. This value following higher Chl-a concentration and 
colder SST results in southeast monsoon.  
 
PFZ of Sardinella lemuru 

The spatial distribution of PFZ in the Bali Strait has 
changed in both seasons, were provide in Figure 6. Areas 
with medium-high potency in northwest monsoon 
concentrated in the southern part of Bali Strait. This 
condition change in southeast monsoons, medium-high 

Figure 5. Suitable preference Chl-a and SST in Northwest Monsoons (upper) and Southeast Monsoons (lower). d(t) is pre-
sented by blue dots, blue solid line is the trendline of polynomial regression orde 3. 
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potency wider and spread along in Bali Strait from north to 
south. Ignore high potency in other areas of Bali Strait, like 
the Bali Sea (north of Bali Island) and also seas in southern 
of East Java (Indian Ocean). ECDF analysis taken from 
observer data only at Bali Strait (Figure 2), it is possible PFZ 
in the outside area of Bali Strait have false value with high 
error. 

PFZ in Bali Strait above is generated using ECDF analysis, 
an algorithm in both monsoons provided in Table 2, where 
SST and Chl-a are data from the satellite.  

In the northwest monsoon, PFZ is formed in the 
southern part of Bali Strait, far from Muncar (Banyuwangi) 
and Pengambengan (Bali).    Fishermen will be closer if 
departing from Kedongan (Bali).  This condition is related to 
the pattern of water mass circulation in Bali Strait, that the 
surface water mass enters the Bali Strait from the Indian 
Ocean (South-Southeast) towards the Bali Sea (North-
Northwest) (Pranowo and Realino, 2006). The southern part 
of the Bali Strait is the inflow and outflow of water from the 
Indian Ocean. It affects primary productivity. In the Norwest 

Figure 6. PFZ in the Northwest and Southeast Monsoons. PFZ value from 0-1 which means low to high 
potency and presented by blue-red color according to potency value as shown in the color bar. 

Monsoons Algorithm 

Northwest (-60,331 xchl-a
2 + 24,132 xchl-a - 1,6832)+( -0,0618 xsst

 2 + 3,5084 xsst - 49,515) 

Southeast (-1,9618 xchl-a
2 + 3,806 xchl-a - 1,1159)+( -0,2153 xsst

 2 + 11,021 xsst - 140,8) 

Table 2. PFZ Algorithm in the northwest and southeast monsoon, xchl-a = Chl-a, xsst = SST  

Source : Data Processing 

Table 3. Confusion Matrix of PFZ Model, actual values are catch volume (kg), predicted value are PFZ potency 

  Actual Values   

  High (> 1000 kg) Low (< 1000 kg)   

Pre-
dicted 
Values 

High (> 0,5) 26 7 Sensitivity =  

Low (< 0,5) 16 26 Specificity =  

= 78,79 % 

Total (∑) population = 75 42 33 Accuracy =  

= 69,33 % 

Source : Data Processing 

Indonesian Journal of Geography, Vol 54, No 2 (2022): 254-262 
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monsoon, the highest chlorophyll-a distribution occurs in 
the open sea, that is in southern part of the Bali Strait. So in 
the Northwest monsoon the PFZ is formed in the Southern 
part of the Bali Strait. This condition changes with the 
change of monsoons, upwelling in Indian Ocean occurs 
more intensely during the Southeast monsoon, which 
causes indirect upwelling in the middle part of Bali Strait. 
Therefore, in the Southeast monsoon, PFZ will form and 
spreading in the middle part of the Bali Strait. That is the 
reason when Southeast monsoon, PFZ is formed mostly 
close to Pengambengan rather than Muncar. This condition 
is very profitable for Pengambengan fishermen because a 
closer catch route will consume less fuel. The PFZ locations 
of both seasons showed that Sardinella lemuru fishes were 
always present and scattered around of Bali Strait.  

 
PFZ model performance 

Combination prediction values and actual values using 
confusion matrix provided in Table 3, model performance is 
determined by overall accuracy in percent. From Table 3 we 
have 4 combinations, there are High actual values - High 
predicted value (True Positive), High actual values – Low 
predicted values (False Negative), Low actual values - High 
predicted value (False Positive), and Low actual values – Low 
predicted values (True Negative). Total True Positive and 
True Negative is 52 samples from 75 validation sample, so 
we have at least 23 samples that do not fit with the model. 
All plot distribution of validation data in a cartesian diagram 
is also presented in Figure 8. Performance metrics that we 
get from the calculation of the confusion matrix are 
sensitivity 61,90%, specificity 78,79 %, and overall accuracy 
69,33%. 

False Positive (FP) and False Negatif (FN) are the number 
of interpreting errors in the model. Means, prediction 
results do not match with actual conditions(Sokolova and 
Lapalme, 2009). The result of performance metrics shows 
False Positive value is 7 and FN value is 16. Thus, the error in 
model prediction is relatively small.  

Using sentitivity, we can assess how well our model is 
able to identify the actual true result. The resulting PFZ 
model is also a fairly good one because it has a sensitivity 

value over 50%. Overall accuracy in this PFZ model is 
69,33%, the value is above the minimum threshold accuracy 
value.   Minimum threshold accuracy value is on 0.5 or 50% 
and perfect in 1.0 or 100% (Phillips and Dudík, 2008). Lastly, 
the performance test for the produced PFZ model was still 
using the old and measly observer data, thus it would be 
better if there is a more recent Bali Strait observer data to 
validate the PFZ model. This ECDF method can be applied in 
other areas based on actual data on fishing in that area, so 
that the PFZ algorithm for each waters is actually built based 
on the condition of the fish in these waters, not just taking 
the existing algorithms for granted. The weakness of this 
research is the lack of real fisheries data that contain 
coordinated information. If supported by large and 
comprehensive coordinated fishing data, then this method is 
very good and will have a better accuracy.  
 

4. Conclusion 
ECDF model had a great performance for detection of 

Sardinella lemuru in Bali Strait. ECDF method also give fairly 
good accuracy result for Sardinella lemuru detection, which 
is above 50%. Area with medium-high potency in Bali Strait 
wider and spread along Bali Strait at southeast monsoon, it 
means southeast monsoon is the best time for capture 
Sardinella lemuru. Furthermore, according to percent 
contribution values, Chl-a is the most important variable to 
generate PFZ with influence until 72,8%, but this percentage 
may change if applied to other small pelagic fish and located 
in other regions. The maximum of suitable preference of Chl
-a at 0,2 mg/m3 and SST at 28,38°C in northwest monsoon, 
while in southeast monsoon is 0,97 mg/m3 for Chl-a and 
25,61°C for SST.  
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