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ABSTRACT

Shrimp pond culture revitalization needs an indication of suitable location. This study use
Geographic Information System (GIS) - based multi criteria land evaluation and remote sensing
for delineate recommended location for shrimp pond culture revitalization in Mahakam Delta,
Indonesia. The first step of the study consist of analyzing suitable location. An Analytical
Hierarchy Process was conducted in order to obtain the weight of thematic layers. The thematic
layers used were consisted of soil characteristics theme (pH, texture, and base saturation),
climatic theme (rain fall), topographic theme (elevation and slope), and water quality theme
(water pH, dissolved oxygen, nitrate, and salinity). The thematic layers were analyzed using
ArcGIS 10.1 to develop a series of GIS models. A weighted overlay was realized to delineate the
suitable area for shrimp pond culture. The result indicate that there is some area of highly
suitable and moderately suitable for shrimp pond culture in Mahakam Delta. At the second step,
land cover map, interpreted from Landsat-8 satellite imagery was used to define the constraint
of land utilization. A recommendation map for shrimp pond culture was then could be
developed by overlaying suitability map and land use map.

Keywords: analytical hierarchy process, Geographic Information System, land suitability,
Landsat-8 imagery

1. INTRODUCTION

As an island country, fisheries are one of
the important sectors in Indonesia. Shrimp is
one of the important commodities in this
sector. Indonesian shrimp farming ever
recorded the golden era in the 1980s,
characterized by excellent exports of windu
prawn, accounted for 15% of total exports of
non-oil and gas each year. In the period of
1985-1988 for example, there was an
increase in shrimp exports of 30,800 tons,
valued at 202.3 million USD to 56,552 tones
valued at 499.85 million USD (Grahadyarini,
2014).

However, since 2003, the Indonesian
shrimp industry entered a dark period,
caused by deadly disease. About 60% of the
410,000 traditional farms were destroyed due
to crop failure. To overcome this, since 2005
the government announced an improvements
of shrimp farming as a priority to fisheries
revitalization. There were many challenges,
but slowly the effort continues, among others
by the cultivation of Vaname shrimp. Such
efforts were slowly paid off. The statistical
data of 2011 indicate that the Indonesian
shrimp exports reached 1.3 billion USD, or
about 200,000 tons. The Indonesian shrimp
production in 2011 reached 400,000 tons,
with 260,000 tons of which was Vaname
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shrimp (Anonymous, 2012). In 2012, the
revitalization was done on shrimp farms in 6
regency along the northern coast of Java
Island (Anonymous, 2012).

This revitalization efforts need also to be
done in other areas in Indonesia, including
outside of Java Island. One of the potential
areas for development of shrimp ponds is
East Kalimantan Province.

Mahakam Delta, located in East
Kalimantan Province, is an area with a
dynamic environment, with high land use
change. Originally, the Mahakam Delta
ecosystem is filled with dense mangroves.
Since the introduction of shrimp pond
farming, especially during the Asian
economic crisis during 1997-2000, many
mangrove forests was converted into shrimp
pond culture. Nowadays, there are a lot of
shrimp pond becomes a not-well maintained
environment due to unsatisfactory results.
Thus, it is necessary to revitalize such culture
for economic reason. On the other hand,
shrimp pond culture should be maintained
only in highly suitable area, while the non-
suitable area should be preserved with
mangrove to maintain the environment.

One of the method for site selection for
shrimp pond culture is using remote sensing
and geographic information system (GIS).
The use of remote sensing and GIS can cover
a lot of aspects in planning of aquaculture,
including the characterization of the nature
of land and water, which can then be used to
determine the habitat suitability and zoning
areas for shrimp farming (Hosain and Das,
2009). Furthermore, GIS has been able to
assist the management of shrimp culture
through the identification of efficient areas,
not only in terms of cultivation, but also in
storage, ease of marketing, ease of transport
and others (Aronoff, 1989). A lot of planning
is very necessary, so that its application in
the field can provide good results (Hosain
and Das, 2009).

Multi-criteria land evaluation has been
widely used to evaluate resource utilization
for a particular use. This concept is based on
decision-making that are driven by many

factors. These factors were weighted
according to its role in the context of
decision making. This method has been
widely used for determination of the use of
resources, for example in the case of the
determination of suitable place for waste
disposal (Gbanie, et al., 2013; Effat and
Hegazy, 2012), location for agricultural
purposes (Mendas and Delali, 2012;
Ceballos-Silva and Lopez-Blanco, 2003;
Akinci et al., 2013), forestry development
(Diaz-Balteiro and Romero, 2008), location
for energy development (Rahman et al.,
2013; Rosso et al., 2014), selection of
suitable place for industry (Rikalovic et al.,
2014), location for the airport expansion
(Vreeker et al., 2002), and many other cases
of decision-making.

This study aimed to evaluate the land
suitability of Mahakam Delta for shrimp
pond culture using multi-criteria land
evaluation (MCLE), especially using the
physical criteria. Delineation of shrimp
revitalization area will then be done by
integrating suitable map with land use/land
cover data resulted from remote sensing
analysis.

2. MATERIAL AND METHOD
2.1 Study Area

Mahakam Delta is located in East
Kalimantan Province, Indonesia, in between
117°15’-117°45’E and 0°15-0°45’S. The
study area includes the area referred as fan
alluvium, going to upstream to the relatively
more undulated, covering the area of 43,722
ha (Figure 1). According the data of local
meteorological station, the climate of this
region is monsoon, with annual rain fall
ranging from 2,500 to 4,000 mm.year-1. The
climate can be classified as Afw according to
Koppen climate classification. This type of
climate has a tropical rain fall with relatively
isothermal hot temperature. Maximum rainy
season are April-May and December-
January.

The geological overview of the region,
observed from geological map (1: 250,000)
sheet of Samarinda (Supriatna et al., 1995)
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indicate that the Mahakam river basin
consists of 5 geological formations, however
Alluvium (Qa) formation is the most widely
spread in Mahakam Delta.

Figure 1. Study area of the Mahakam Delta, East
Kalimantan Province, Indonesia

2.2 Data

Data used for this study can be classified
into 4 themes, each was consisted in criteria:
soil characteristics theme (pH, texture, and
base saturation criteria), climatic theme (rain
fall criteria), topographic theme (elevation
and slope criteria) and water quality theme
(water pH, dissolved oxygen, nitrate, and
salinity criteria). A survey was conducted in
2011 for soil and water sampling. Soil was
analyzed at the Laboratory of the Dept. of
Soil Science & Land Resources, Bogor
Agricultural University using routine
laboratory methods (Tan, 2002). Climatic
data was extracted from the spatial data of
Indonesian Land Resources Map
(Ambarwulan et al., 2006). Topographic data
were obtained from Shuttle Radar
Topography Mission (SRTM) at accuracy
level of 30 m. Water quality data were
obtained from laboratory analysis of water
samples.

2.3 GIS and Weighted Procedure

The procedure used to create suitability
map is illustrated schematically in Figure 2.
The data were classified and weighted
according to their contribution to shrimp
growth environment. Classification was

based on the bibliographic study and
judgment of the authors, classified into 3
levels: 3 (highly suitable), 2 (suitable), and 1
(not suitable) (Table 1).

In the next step, the weighting was
performed on each criteria and then theme.
This procedure is the main procedure in
MCLE (Voogd, 1983; Ceballos-Selva and
Lopez-Blanco, 2002). Weighting is done by
using the Analytical Hierarchy Process
(AHP), a concept of Saaty (1988). Although
some of the other procedures are available,
but this procedure is the most commonly
performed in MCLE (Eastman, 1995). The
comparison is done by comparing the
relative importance of two criteria involved
in determining the suitability (Eastman et al.,
1995). Ratings were consisted in 9 interests
scale, from 9 to 1/9. The value of 9 indicates
that line has relatively significantly more
important than the column, while the value
of ninth show that line has significantly less
important than the column. If two variables
are equally important, they are given a value
of 1. In estimating the weights, an expert or
group of experts are asked to compare the
matrix in pairs. In this study, the pairwise
comparison was developed (Table 2), the
consistency ratios (CR) of 0.0–0.09 for the
table was well within the ratio of equal to or
less than 0,10 recommended by Saaty
(1988), signifying a small probability that the
weights were developed by chance.

2.4 Land Use and Land Cover Analysis

Land use and land cover was obtained
from analysis of Landsat-8 imagery of 2013.
Image analysis was done using a supervised
classification using ERDAS imagine
software. Land cover classification used the
standard classification of the Ministry of
Forestry (BAPLAN, 2012). Land cover data
was not used in the preparation of land
suitability map, but it is used in the final step
to develop and delineate the recommended
area.
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Figure 2. Research methodology structure

Table 1. Suitability levels of themes (soil characteristic, climate, topography and water quality) for shrimp pond
culture in Mahakam Delta

Table 2. A pair-wise comparison matrix for assessing the relative importance of criteria and themes for shrimp
ponds culture (numbers show the rating of the row theme relative to the column theme)

pH Texture Base Saturation Weight
Soil Characteristic
pH 1 1/2 1/3 0.164
Texture 2 1 ½ 0.297
Base Saturation 3 2 1 0.539
Consistency ratio (Cr) 0.01

Rainfall Weight
Climate
Rainfall 1 1
Consistency ratio (Cr) 0.0

Criteria Unit
Suitable Range and Score

ReferencesHighly suitable
(3)

Suitable
(2)

Not Suitable
(1)

Soil pH - 6 – 8 4 – 6 , 8 – 9 <4 , >9 New (2002) Hossain & Das, 2010
Texture - Clayey loam Sandy clay Loam, sand Hossain & Das, 2010
Base Saturation % >75 50 – 75 <50 Present study
Rainfall mm <2000 2000 – 2500 >2500 Purnomo, 1992
Elevation meters 0 – 10 10-30 >30 Wiradisastra et al., 2004
Slope % 0 – 2 2 – 3 >3 Wiradisastra et al., 2004
Water pH - 6 – 8 4 – 6 , 8 – 9 <4 , >9 Boyd & Zimmermann, 2000
Salinity 0/00 10 – 20 20 – 35 <10 , >35 Wiradisastra et al., 2004
Dissolve oxygen mg/l 4 –7 2.5 – 4 <2.5 Boyd & Zimmermann, 2000
Nitrate-N mg/l <0.3 0.3 – 0.5 >0.5 Present study
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Elevation Slope Weight
Topography
Elevation 1 1/2 0.333
Slope 2 1 0.667
Consistency ratio (Cr) 0.0

pH water Nitrate Dissolve Oxygen Salinity Weight
Water Quality
pH water 1 1/2 1/3 1/9 0.198
Nitrate 2 1 1/2 1/7 0.060
Dissolve Oxygen 3 2 1 1/5 0.132
Salinity 9 7 5 1 0.610
Consistency ratio (Cr) 0.06

Soil characteristics Climate/ Rainfall Topography Water Quality Weight
Theme requirement for assessment of site suitability for shrimp pond culture
Soil characteristics 1 3 1/4 1/4 0.072
Climate/ Rainfall 1/3 1 1/3 1/3 0.073
Topography 4 3 1 1 0.381
Water Quality 4 3 1 1 0.474
Consistency ratio (Cr) 0.09

3. RESULTS AND DISCUSSION

Results of suitability analysis based on
soil characteristics theme is presented in
Figure 3. In this figure, each step of soil
characteristic theme classification according
to each criterion is presented. Soil is the base
matrix for ponds and become the initial cost
in pond construction. According to soil pH,
the area of Mahakam Delta is classified as
suitable. Meanwhile, according to soil
texture, the majority area (73%) is classified
as suitable, while 26% of the area is
classified as highly suitable. The suitable
texture for ponds construction is fine texture
(Hosain and Das, 2010; Hardjowigeno and
Widiatmaka, 2007). According to base
saturation, 18% of the area is classified as
highly suitable, 25% is classified as suitable
and 57% is classified as not suitable. When

the weight is applied according to AHP
results, in terms of soil characteristic theme,
25% of the area is classified as highly
suitable, 75% of the area is classified as
suitable and no area of unsuitable for shrimp
pond culture (Table 3).

The same process was done for other
themes: topographic theme (with the criteria
of elevation and slope), water quality theme
(with the criteria of dissolve oxygen, salinity,
water pH, and nitrate), and climatic theme
(with criteria of rain fall) respectively, to
obtain the suitability based on each theme.
Due to page limitations in this paper, resulted
maps of such themes are not presented. Maps
are presented directly for the end-product of
the suitability map for shrimp ponds (Figure
4).

Table 3. Soil characteristic theme-based areas (ha) and different suitability levels (%) of lands for shrimp pond
culture

Criteria
Highly Suitable Suitable Not Suitable

Ha % Ha % Ha %
pH - - 93,226.84 100.00 - -
Texture 25,151.44 26.98 68,075.41 73.02 - -
Base Saturation 16,860.34 18.09 23,137.43 24.82 53,229.07 57.10
Sub-overall 23,498.52 25.21 69,728.33 74.79 - -
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Although the theme maps are not
presented, to give a brief description
however, it can be stated that according to
climatic theme, 98.5% of the area is
classified as not suitable. This suggests that
shrimp pond culture depend more on water
availability from rivers and sea water than
from rainfall. According to topographic
theme (elevation and slope criteria) >95% of

the area is classified as highly suitable for
shrimp pond culture. Based on water quality
theme (pH, dissolve oxygen, and nitrate-N),
most of the area (>80%) is classified as
highly suitable, while according to salinity,
53% of the area is classified as not suitable.
In sub-overall water quality theme, 47% of
the area is classified as highly suitable and
53% of the area is classified as suitable.

Figure 3. Combining soil quality criteria to asses suitability for shrimp pond culture in Mahakam Delta

Figure 4. Combining themes to asses suitability for shrimp pond culture in Mahakam Delta

Final suitability map for shrimp pond
culture presented in Figure 4 is presented
together with Table 4. Such final result show
that 47% area in Mahakam Delta is highly

suitable for shrimp pond culture, while 53%
of the area is suitable for shrimp pond
culture. There is no area of unsuitable for
shrimp pond culture.
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Table 4. The overall theme based areas (ha) and different land suitability area (%) for shrimp pond culture

Theme
Highly Suitable Suitable Not Suitable

Ha % Ha % Ha %
Soil Characteristic 23,498.52 25.21 69,728.33 74.79 - -
Climate 1,373.18 1.47 - - 91,853.66 98.53
Topography 93,031.37 99.79 195.47 0.21 - -
Water Quality 43,721.53 46.90 49,505.32 53.10 - -
Overall Suitability of Site 43,721.53 46.90 49,505.32 53.10 - -

Results of the Landsat-8 imagery analysis
show 10 kinds of land use/land cover in the
Mahakam Delta: primary and secondary
mangrove forest, secondary swamp forest,
swamp, shrub/swamp, mixed dry land
agriculture, bare land, settlement, pond, and
water bodies. Of such various land use/land
cover, some can be defined as land use that
allowed for shrimp pond culture, while some
others are not allowed. Therefore, by
overlaying the suitability map for shrimp
pond culture with the land use map resulting
from imagery analysis result, a
recommendation map can be developed
(Figure 5). In this recommendation map, the
classification area is done as follows: (i) area
not recommended for pond culture; such area
include area where it’s land use does not
allow the construction of shrimp pond (e.g.
settlements), or because it is not allowed in
the context of environmental conservation
(forest area), (ii) the most recommended

area; this is the highly suitable area
according to its suitability and its land use
allows for shrimp pond culture, and (iii) the
recommended area; this is the area where the
land use allow to development of pond and
its land suitability is suitable. The
recommendation is presented in Figure 5 and
Table 5.

Figure 5. Recommendation map for shrimp pond
culture

Table 5. Comparison of land use/ land cover data against the suitability obtained from model and its
recommendation

Land use Suitability Ha % Recommendation
Primary Mangrove forests Highly Suitable 143.84 0.15 Not Recommended
Primary Mangrove forests Suitable 38.85 0.04 Not Recommended
Settlement Suitable 71.60 0.08 Not Recommended
Bared Land Highly Suitable 50.68 0.05 Most Recommended
Bared Land Suitable 232.85 0.25 Recommended
Water Body Highly Suitable 2,804.25 3.01 Most Recommended
Water Body Suitable 4,988.01 5.35 Recommended
Secondary Mangrove forests Highly Suitable 6,383.61 6.85 Not Recommended
Secondary Mangrove forests Suitable 11,674.11 12.52 Not Recommended
Secondary Swamp forests Suitable 5,339.38 5.73 Not Recommended
Shrub/Swamp Highly Suitable 2,142.29 2.30 Most Recommended
Shrub/Swamp Suitable 4,538.99 4.87 Recommended
Mixed Dry land Agriculture Highly Suitable 0.36 0.00 Not Recommended
Pond Highly Suitable 32,196.20 34.54 Most Recommended
Pond Suitable 22,621.53 24.27 Recommended
Swamp Highly Suitable 0.29 0.00 Most Recommended
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4. CONCLUSION

The study was conducted in the Mahakam
Delta, East Kalimantan Province, a region
where in the past has been widely used for
ponds culture, but then suffered a setback, as
other shrimp farming area in Indonesia. The
study shows that GIS can be used to
delineate areas at various levels of suitability
for shrimp pond culture. The analysis shows,
that 47% of the Mahakam Delta area is
highly suitable for shrimp pond culture,
while 53% is suitable. Overlay analysis of
suitability area with using remote sensing
data show, 39% of the area can be defined as
most recommended for shrimp pond culture,
35% is recommended, and 26% is not
recommended for shrimp pond culture.

During the analysis, it is appeared that the
results of the analysis using the MCLE are
highly dependent on the quality of the data
used. In this study, topographic aspect for
example, seems not very sensitive in terms of
accuracy. Further studies with more detailed
and accurate topographic data are so
suggested.
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