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Abstract 

The beaches, mangrove swamps, intertidal areas as well as upstream areas are used for coastal aquaculture. Careful selection of 

environmentally suitable sites is important for the success of aquaculture. This study aimed to analyze and identify suitable sites for 

aquaculture in Raigad District. More closeness of ponds causes spread of disease from one pond to other very rapidly. In the study area 

many aquaculture farms are very close to each other and lead disease spread; finally farming had to close. Hence, the success of a fish 

farming project largely depends on the site selection. Therefore, to identify suitable sites, with considering the local physical 

conditions by using this technique is useful for the development of aquaculture. In addition, the analysis can be used as an effective 

tool to diversify existing clustered farms into suitable areas for the successful shrimp farming. 
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1. Introduction 

Raigad district is one of districts of Konkan region of 

Maharashtra state and due to its geographical location, it has a 

great potential for different residential, recreational, industrial 

and commercial activities (District collector, Raigad 

Maharashtra, 2017). Brackish water fish farming cannot be 

practiced everywhere on the banks of the creek. Only a few 

locations in the study area are ideal and are best suited for fish 

farming. The geomorphology of the coast of Raigad district of 

Maharashtra influences the ingress of tidal water in the 

numerous creeks and estuaries of the region. The tidal range, the 

salinity of the water and the morphology of the intertidal zones, 

all these factors are site specific and create a specific estuarine 

environment. The field studies, it is found that the people are 

preferring the areas of Mhasla creek and Shriwardhan bay areas 

for brackish water fish farming. Therefore, an attempt was made 

to assess the potential and prospect of brackish water fish 

farming in these areas.  

Presently, the rapid growth of aquaculture in unregulated 

manner, excessive and unwanted concentration of fish farms in 

a given location has been responsible for environmental 

problems created in the areas around aquaculture sites. Location 

or the selection of site is the crucial factor in all aquaculture 

practices, especially in the case of brackish water aquaculture. 

The site selection should normally be area specific considering 

the ecology of that region. Therefore, for the assessment of 

potential sites of aquaculture in the study area Analytical 

Hierarchy Process (AHP), developed by Saaty (1980) and 

Multicriteria variable technique are used in the combination. 

The advantage of AHP is its ability to rank the alternatives on 

the basis of their importance over other. Hence, it is an 

important technique used for site suitability analysis by 

following the pairwise comparison and reliable judgements. 

 

 
 

Fig 1: Location map of study area 

 

2. Database and Methodology 

The geomorphic assessment of the Mhasla creek and 

Shriwardhan bay area was done on the basis of field 

observations and satellite image analysis. It’s important to get 

geographical information about the shoreline terraces, slope, 

mangrove cover and road links. For this Landsat ETM 2004, 

2005 and LISS III 2010, 2011 and 2016 satellite data sets and 

Google earth satellite images of the year 2016 have been used. 

The survey of India (SOI) topographical maps 47 – B/15, 47 – 

F/3, 47 – F/4 with scale 1:50000 have been used. The acquired 

satellite images were used for the image analysis and to identify 

increasing aquaculture activities in the study area. 

For the analysis major four criteria variables which are very 

much important in aquaculture has taken into consideration that 

are proximity to mud flats, area of mangrove cover, terrace 
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elevation below 10 meters and road links. With the help of 

image analysis, identification of criteria variables have been 

done which are selected for assigning fish farming priority to 

different sites along the Mhasla creek and Shriwardhan bay 

area.  

 

 
Source: Based on Landsat 8 images 

 

Fig 2: Geomorphology of Mhasla Creek 
 

A grid with the 2 km2 area was superimposed on the satellite 

image of the area. Four major criteria variables given below 

were used to assign suitability count for each grid area (Fig. 3). 

 

 
Source: Google Earth satellite image 2015 

 

Fig 3: Grid of AHP 

 
Table 1: Criteria variables of AHP 

 

Criteria 1 Proximity to mud flat 

Criteria 2 Area of mangrove cover 

Criteria 3 Terrace elevation below 10 m 

Criteria 4 Road links 

 

2.1 Criteria variables of AHP 

a) Proximity to Mudflats (C1): - The inter-tidal mudflats are 

more conducive for the construction of earthen bunds of 

aquaculture ponds. Rectangular ponds can be easily built as 

little space is wasted between the ponds (Landau, 1992) [22]. The 

intertidal mudflats are suitable to pump the water in and to 

discharge it back to the sea. Areas of mudflats are calculated 

using high and low tide lines with the help of topographic maps 

and Google Earth images. 

b) Area of mangrove cover (C2): - Aquaculture should not be 

practiced at the cost of mangroves forest because it can destroy 

nursery grounds for fish and prawns. Moreover, these low-lying 

areas will demand high reclamation costs. The area of mangrove 

cover has calculated by carrying out NDVI analysis. The values 

between 0 to 0.4 have been observed in the study area and 

higher values indicate higher the area of mangrove cover. 

c) Terrace elevation below 10m (C3): - The flat land below 10 

m elevation is found to be most suitable for the construction of 

ponds. The same can be demarcated from topographic maps of 

1:50000 scale. 

d) Road links (C4): - Facility of road links for the quick 

transport of farm fishes is very essential. For the analysis, in 

AHP the distance upto the road is measured from high tide line 

through Google Earth images.  

 

2.2 AHP Methodology 

 

 
 

Fig 4: AHP Methodology 

 

For the assignment of suitability count, first demarcation of high 

tide line, low tide line, mud flats, mangroves, terraces and road 

links have done with the help of Google Earth images of the 

year 2016. NDVI analysis is carried out and the values of the 

year 2016 are used to classify and map mangrove areas. 

Average measurement of all criteria variables of each grid has 

recorded and all these measurements of each criteria variable 

have been divided into 1 to 5 classes on the basis of minimum 

and maximum values as mentioned below: 

 
Table 2: Classes of criteria variables 

 

C1 (m) C2 (NDVI values) C3 (m) C4 (km) 

5 0-300 1 0-0.1 1 0-2 1 0-0.05 

4 300-600 2 0.1-0.2 2 2-4 2 0.05-0.1 

3 600-900 3 0.2-0.3 3 4-6 3 0.1-0.5 

2 900-1200 4 0.3-0.4 4 6-8 4 0.5-1 

1 1200- > 1200 
  

5 8-10 5 1-above 

 

On the basis of these classes, final weights have been assigned 

to each grid and pairwise comparisons in AHP are performed. 

As per the AHP calculations, ranks have been assigned to each 
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criterion variables and total of the ranks of all four variables 

have been considered as a final rank of each grid. The same 

procedure has been followed for all the grid squares and the 

results have been validated with ground conditions during the 

field visits. Finally, the suitable aquaculture sites along the 

Mhasla creek and Shriwardhan bay area have been demarcated.  

 

3. Results and Discussion 

Type of terrain is an important factor in the selection of 

aquaculture sites. It is a crucial factor in brackish water 

aquaculture (Landau, 1992) [22]. 

Aquaculture farms in the study area are built in the inter-tidal 

and tidal flat areas of the creek or on the nearby terraces. It has 

been revealed from the field survey that there is a twofold 

increase in aquaculture sites since the year 2010. The farm 

owners have hardly considered the parameters of sustainable 

farming and to gain profit unwanted concentration of fish farms 

in a given location has been responsible for environmental 

problems created in the areas around aquaculture sites.  

Selection of such sites is now possible with the use of Google 

Earth image of an area and the multi-criteria locational query 

technique and AHP. The effectiveness of site selection depends 

on the criteria variables used (Saaty, 1980). The criteria 

variables used (Table 3 and 4) and the total count 10, 9 and 8 

suggests the most suitable sites for the aquaculture practices. A 

decrease in the response (count 8 to 1) suggests less suitability 

of the area for aquaculture. Further, the sites are classified on 

the basis of priority. 

 

Mhasla creek and Shriwardhan bay area 

Priority 1 Sites: These sites are the best sites for aquaculture 

and fulfil all the requirements designed by criteria variables. 

Count 10 sites are included in this category. The sites are 

located on the supra tidal flats, mainly on the southern and 

eastern banks of the creek. Along Mhasla creek out of 57 sites, 

18 aquaculture sites (31.58%) (Table 3, 4 and Fig. 5, 6) and in 

Shriwardhan bay area out of 23 sites, 7 aquaculture sites 

(30.43%) are included in this category. 

Priority 2 Sites: The sites with count 9 are included in this 

category. These are most frequent in both of the areas. The 

location of such sites is on the narrow terraces bordering the 

creek and also in mangrove areas. Along Mhasla creek out of 57 

sites, 36 aquaculture sites (63.16%) (Table 3, 4 and Fig. 5, 6) 

and in Shriwardhan bay area out of 23 sites, 12 aquaculture sites 

(52.17%) are included in this category. 

Priority 3 Sites: Most of the sites with count 8 are included in 

this type. These sites have narrow mudflats, covered by 

mangroves but can be used for aquaculture, by properly 

maintaining the salinity and temperature of the pond water. 

Along Mhasla creek out of 57 sites, 3 aquaculture sites (5.26%) 

(Table 3, 4 and Fig. 5, 6) and in Shriwardhan bay area out of 23 

sites, 4 aquaculture sites (17.39%) are included in this category. 

 
Table 3: Suitability count of Mhasla creek 

 

Criteria Total Rank Priority Total count Area % 

Very highly suitable 10 1 18 31.58% 

Highly suitable 9 2 36 63.16% 

Moderately suitable 8 3 3 5.26% 

 

Table 4: Suitability count of Shriwardhan Bay area 
 

Criteria Total Rank Priority Total count Area % 

Very highly suitable 10 1 7 30.43% 

Highly suitable 9 2 12 52.17% 

Moderately suitable 8 3 4 17.39% 

 

 
Source: ASTER DEM and Field work 

 

Fig 5: Aquaculture suitable sites of Mhasla creek 

 

 
Source: ASTER DEM and Field work 

 

Fig 6: Aquaculture suitable sites of Shriwardhan Bay area 

 

4. Conclusion 

The multicriteria, locational query technique with AHP could be 

used effectively for the selection of aquaculture sites. It is found 

that, the computer assisted image analysis and AHP technique 

have many advantages over conventional methods. 

The identification of criterion variables is easier on the Google 

Earth images. Various terrain details could be identified, 

separated, mapped and confirmed in the field afterwards. The 

site selection which is a crucial factor in aquaculture was best 

achieved by using these methods combinely. It also helped in 

assigning the priority counts to the sites.  

Aquaculture is terrain sensitive activity which requires mainly 

mud flats, estuary location, terrace elevation below 10m, no or 

sparse mangroves and road links. There are potential sites on the 

western bank of the Mhasla creek; if the mangrove areas are 
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reclaimed then replantation of mangroves should be done in the 

suitable areas of mangroves. On the eastern bank of the Mhasla 

creek many sites are very close to each other. To avoid disease 

spread, aquaculture with sustainable farming methods can be 

diversified on western bank of the creek.  

On the basis of this analysis, it is suggested that, the Mhasla 

creek area has a great potential (Fig. 5) than the Shriwardhan 

bay area (Fig. 6) for its development as a brackish water 

aquaculture centre in Raigad District. 
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