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SPECTRAL ANGLE MAPPER ALGORITHM FOR MANGROVE 

BIODIVERSITY MAPPING IN SEMARANG INDONESIA 

 

Abstract 

Remote sensing has been proven to map mangrove biodiversity and its distribution 

using spectral reflectance. This study aims to mangrove ecosystem in Semarang coastal 

area using the Spectral Angle Mapper (SAM) method for biodiversity identification at the 

species level. The remote sensing data is SPOT 7 imagery, acquired on 24 December 2019. 

In situ spectral reflection measurements were performed using a USB4000 spectrometer. 

The result from in situ measurement is referred to as the spectral library used for mangrove 

classification. Eight mangrove species were identified from the SAM method in this study, 

dominated by species Avicennia marina in the northen part of the study area where that 

area is the open area that directly faces the sea, according to the original habitat of 

Avicennia marina. The accuracy of the classification results shows a moderate-low number, 

which is 52%. The low value is because some species classes have small patches that are 

biased with other land-use. 

 

1. Introduction 

Indonesia is an archipelago country with the longest coastline after Canada (Dahuri, 

2007). The coastal has a diverse ecosystem, from the marine ecosystem to the mangrove 

ecosystem. It is estimated 18-23 percent of the world's mangrove ecosystem is in Indonesia, 

and 80 percent of the world's mangrove species (Fawzi, 2016; Rusila Noor, Y., M. Khazali, 



 

 

1999). However, Indonesia's mangrove ecosystem faced consequential loss due to 

aquaculture development, urbanization, and agriculture (Ilman et al., 2016). Indonesia's 

annual mangrove loss is only six percent of total forest loss, but the impact is up to 31% of 

carbon emission in the land-use sector (Murdiyarso et al., 2015). Mangroves will become 

extinct and soon become a part of history (Julkipli et al., 2018).  

The conservation of the mangrove ecosystem's high carbon stock is vital to tackle 

climate change in the land-use sector (Alongi, 2020). Supporting conservation needs 

reliable mangrove condition data, including its species and distribution. The main problem 

is the data that had been provided by the government is not up to date and hard to identify 

the mangrove change. Rahadian et al. (Rahadian et al., 2019) stated that mangrove 

biodiversity data is a national problem given the importance of historical mangrove data on 

accurate and consistent. This data is very useful for developing policies in mangrove 

management. In recent years, to fill that gap, remote sensing data has successfully provided 

mangrove ecosystem information (Pham et al., 2019). The mangrove data usually describe 

the only information mangrove and not mangrove, without information of species. Indeed, 

the mangrove species information is important in mangrove management (Atkinson et al., 

2016; Chow, 2018). Land use change that are not in accordance with their designation have 

made the mangrove area degraded increasingly. The reduced area of mangrove land has 

certainly led to the loss of mangrove species in the area. 

The accurate mangrove species mapping relies on the spectral characteristic of 

mangrove species in remote sensing images (M. Kamal et al., 2017; Muhammad Kamal et 

al., 2018). Every mangrove species has its signature of spectral reflection on a different 

wavelength. Hence, using the spectral library for mangrove species data in mangrove 

ecosystem mapping is efficient and cost-saving. In Indonesia, those method has not been 

widely used because requiring in situ measurement. Therefore, Spectral Angle Mapping 



 

 

(SAM) algorithm becomes a reliable method for mangrove ecosystem mapping in a term 

using spectral library data. In application, the SAM algorithm already successfully and the 

best approach for mangrove species mapping (Salghuna & Pillutla, 2017; Su et al., 2019). 

This research aims to map the mangrove ecosystem in Semarang coastal area using the 

SAM method for biodiversity identification 

2. Materials and Methods 

2.1 Study Area 

The research was conducted in Semarang coastal region (6°59′35″ S 110°25′14″ E). 

Semarang city has an area of 373.8 km² with 1.5 million inhabitants. The rainfall 2,800 mm 

per year. This research was conducted in two-site, Mangkang Kulon and Mangunharjo 

Village and Tugurejo and Tambakharjo Village.  The research was conducted in these four 

villages because these villages have different mangrove characteristics. Mangkang kulon 

and mangunharjo have mangrove conditions that are still well preserved, while the other 

two villages are starting to be degraded by other developed land and fish ponds. The 

difference in these characteristics can be used as a comparison material in the classification 

process later. 

 



 

 

Figure 1. The study location in the coastal area of Semarang City, Central Java.  

 

2.2 Data and Analysis 

The remote sensing data in this research is the SPOT 7 image acquired on 24 

December 2019. SPOT 7 has four multispectral bands and one panchromatic with 6 meter 

and 1.5-meter spatial resolution, respectively (Astrium Services, 2013).  The image was 

corrected geometrically and converted to top-of-atmosphere value (W/cm2.sr.nm). The 

radiometric correction using Fast Line-of-sight Atmospheric Analysis of Hypercubes 

(FLAASH) method.  

Fieldwork was conducted on 14-15 August 2020 at 09:00 – 11:00 in the morning to 

collect eight mangrove species' spectral data. The eight mangrove species is Avicennia 

marina, Rhizophora apiculata, R. mucronata, R. stylosa, Bruguiera Gymnorhiza, Ceriops 

Tagal, Sonneratia alba and Xylocarpus granatum. The measurement used a USB4000 

spectrometer with sensor waveleght at 200 to 1100 nm. The wavelength of spectrometer 

calibrated with the wavelength on SPOT 7 image, with the range within 400 – 900 nm. 

Before using the spectrometer, it was calibrated with white reference and dark reference 

spectra to obtain reference spectrally. Spectral data from the spectrometer calculated 

following this equation to obtain the spectral characteristic of each mangrove species 

(Optic, 2009). 

𝑅𝜆 =
𝑆𝜆−𝐷𝜆

𝑅𝑒𝑓𝜆−𝐷𝜆
× 100%    (1) 

Where Rλ is spectral reflectance (%),  Sλ is sample intensity,  Dλ is the dark 

reference, and Refλ is the white reference. 

The thirty samples were measured during two days of fieldwork. The data converted 

into a spreadsheet for spectral library database input in mangrove classification using the 

SAM method. SAM is an algorithm based on the assumption that a pixel in the remote 



 

 

sensing imagery reflects an object on the earth’s surface (Rashmi et al., 2014). This 

algorithm uses a deterministic similarity measure to compare an unknown pixel based on 

the spectral library (Bertels et al., 2002). A pixel’s spectral reflection can be described as a 

vector in a n-dimensional space or feature space, n is the number of wavelenght.each vector 

must have a certain lenght and direction (Kruse et al., 1993). Classification using SAM 

algorithm is done by calculating the spectral angle between the spectral reflection of a pixel 

and the spectral library. Each pixel will be grouped into a class based on the lowest value 

on its spectral angle. The smaller angle formed, the more suitable it reflects the spectral 

library. The spectral reflection pattern that is further away from the maximum threshold of 

the specified angle is categorized as unclassified (Cho et al., 2012). The SAM method is a 

supervised classification because it uses the spectral library from in situ measurement for 

the training area. The equation that used using the following equation (Jensen J. R, 2005): 

𝛼 = 𝑐𝑜𝑠−1 [
∑ 𝑡𝑖𝑟𝑖
𝑛𝑏
𝑖=1

(∑ 𝑡𝑖2)𝑛𝑏
𝑖=1

1/2
(∑ 𝑟𝑖2)𝑛𝑏

𝑖=1

1/2]  (2) 

Where α is a spectral angle, nb is the satellite image band (four in SPOT 7), t is the 

spectral pixel, and r is the spectral library. The fieldwork data also for accuracy 

measurement using the confusion matrix method. 

3. Results and Discussion 

3.1. Mangrove Spectral Reflectance 



 

 

The result shows that spectral reflectance from field measurement has two peaks at 

the green and near-infrared wavelength. The vegetation has a sharp change in leaf 

reflectance from red to near-infrared or known as a red-edge (Horler et al., 1983). In 

mangrove species, the red The red-edge information can improve species classification 

(Schuster et al., 2012). 

 

  

In Figure 2, the spectral reflection of each mangrove species shows the pattern of 

healthy vegetation. Healthy vegetation has absorbed the wavelength in blue (400-500 nm) 

and red (600-700 nm), and increase in green because of chlorophyll and red edge in near-

infrared (Muhammad Kamal et al., 2018).  

The Bruguiera gymnorhiza species has the highest spectral reflectance among other 

mangrove species. At the same time, A. marina has the lowest reflectance value in the 

visible wavelength and Sonneratia alba in near-infrared wavelength. Even mangrove 

species have the same pattern of reflectance, but every species has a different signature 

wavelength. So, despite having the same pattern, each species will have a different spectral 

 

 

(a) (b) 

Figure 2. (a) the spectral reflectance of mangrove species from in situ measurement, and (b) 

spectral plot for classification in SPOT 7 image from in situ measurement. 



 

 

reflectance (Arfan et al., 2015; Indarto, 2012). The difference is caused by age, health 

condition, and tree physiology, such as canopy and leaf geometry (Blasco et al., 1998). 

3.2. Mangrove Mapping 

The spectral library from in situ measurement became a reference for mangrove 

species mapping in SPOT 7. The result (fig. 3) shows A. marina dominated in the northern 

place where direct adjacent with the sea with an area up to 30 hectares (Table 1). Avicennia 

has adaptation in high salinity with several adaptations, such as exclude the excess salt from 

metabolic mechanisms (Hogarth, 2017). The distribution followed by Rhizophora with a 

total from three species is 29 hectares. Then getting to the mainland characterize by lower 

salinity. The Xylocarpus granatum and Ceriop tagal dominated mangrove distribution on 

the mainland due to its adaptation to lower salinity. The SAM method also can detect the 

presence of Sonneratia with only one hectare. 

 

 

 

 

  

(a) (b) 

Figure 3. the mangrove species map using SAM algorithm in Mangkang Kulon and 

Mangunharjo Village (a) and in Tugurejo and Tambakharjo Village (b). 



 

 

Table 1. The total area according to mangrove species from SAM classification  

No Mangrove species Area 

(Ha) 

1 Sonneratia alba 0.86 

2 Rhizophora 

apiculata 

5.05 

3 R. mucronata 7.20 

4 R. stylosa 15.56 

5 Xylocarpus 

granatum 

20.02 

6 Ceriops tagal 27.42 

7 Avicennia marina 29.63 

8 Bruguiera 

gymnorhiza 

29.87 

 

The previous research by (Tri Martuti, 2014; Tri Martuti et al., 2019) about the 

composition of vegetation in Tapak village, Tugu district stated that Tapak has 16 

vegetation species, consist of 12 family with dominancy from A. marina and R. mucronata. 

This is suitable with the result of this study that Tapak village was dominated by two 

species, A. marina and R. mucronata. Those species is a cultivation’s species because in 

Tapak village was formed an artificial ecosystem for mangroves. A. marina and R. 

mucronata are the most widely grown crops in these ecosystem. 

The classification results using the Sam method are tested for accuracy by 

comparing them with conditions in the field. The accuracy test was carried out using the 

confusion matrix method. The confusion matrix method to assess accuracy found overall 

accuracy is only 52%.  This means that only half of the classified mangrove area has the 

correct species or according to the conditions in the field. The reason for lower accuracy is 

from the scatter of non-dominated species distribution. Scatter distribution lead to increased 

background noise from land-use around Bruguiera such as ponds and road. The decrease 

in the accuracy value can be seen in the following matrix. In the matrix, there is information 

about producer accuracy and user accuracy of each species. Producer accuracy shows how 

well each species in the field has been classified. If producer accuracy produces a value of 

100%, no pixels from that class are entered into other classes. Meanwhile, if user accuracy 



 

 

produces a value of 100%, the class does not misclassify by not taking pixels from other 

classes (Story & Congalton, 1986). If we look at the matrix below, the highest user accuracy 

is in the classes R. mucronata, R. apiculata and A. marina. Conditions in the field also show 

that these three species dominate the mangrove area at the study site. So the potential for 

misclassification can also be avoided. However, the R. stylosa, X. granatum and Sonneratia 

species have low user accuracy, even up to 0%. It is because the three species do not 

dominate in the research location, their distribution is sporadic and of course does not meet 

SPOT pixels with a size of 6x6 meters. The image used is SPOT with a spatial resolution 

of 6x6 meters, if an object has an area of less than 36 m2, it will produce mixed pixels on 

the pixel meaning that the reflectance value of the pixel is not the value of a single object. 

In the field, the three non-dominated objects at the time of measurement have an area of 

less than 36m2, the pixel value at the location is heavily influenced by the reflectance of 

other objects such as roads, ponds and pond embankments. Conditions like this will 

certainly lead to a large potential for misclassification (Choodarathnakara et al., 2012). 

The largest contribution of user accuracy values was only for the species R. 

mucronata, R. apiculata and A. marina. In contrast, other species did not contribute a large 

accuracy value and even reached 0%. This of course, causes the overall accuracy value to 

be low, and the resulting value is 52%. However, research on classification using the 

spectral library with the SAM method still produces an accuracy value that is not too high. 

Similar studies such as by (Muhammad Kamal et al., 2018) regarding the classification of 

mangrove species on Karimun Java Island resulted in an accuracy value of 62%, then 

research on the classification of seagrass habitats using the SAM method on Tunda Island 

resulted in an accuracy value of 35.6% (Aziizah et al., 2016). The research resulted in a 

low accuracy value. This research has its own factors that cause low accuracy, one of which 



 

 

is not meeting the area per pixel of the image used for a species, resulting in mixed pixels 

and ambiguous classification results. The same factor also occurred in this study.       

  



 1 

  Classified Value 

  B.gymnorhiza C.tagal R.stylosa X.granatum R.mucronata R.apiculata A.marina Sonneratia User 

accuracy 

(%) 

T
h
em

at
ic

 

B.gymnorhiza 1 0 0 0 1 0 0 0 50 

C.tagal 0 1 0 0 1 0 0 0 50 

R.stylosa 0 0 0 0 0 0 2 0 0 

X.granatum 0 0 0 0 1 0 1 0 0 

R.mucronata 0 0 0 2 0 0 0 0 100 

R.apiculata 0 0 0 0 2 0 0 0 100 

A.marina 0 0 0 0 0 2 0 0 100 

Sonneratia 0 0 0 0 2 0 0 0 0 

 Producer 

Accuracy (%) 

100 100 0 0 28.6 100 40 0 52 

2 



3.3. Mangrove Ecosystem in Semarang 3 

The interpretation results obtained that the mangrove area in the four coastal 4 

villages in Semarang is around 172.79 ha, of which most are located on the coast of 5 

Mangunharjo Village of 69.47 ha and on the coast of Tugurejo Village of 62.69 ha. Most 6 

of the mangroves in this location have a longitudinal distribution pattern on pond 7 

embankments and river borders. Still, there are also some mangroves that have clustering 8 

patterns such as in Mangunharjo Village and Tugurejo Village (Dukuh Tapak). 9 

Mangroves that are currently growing are the result of planting carried out by the 10 

community with edutourism programs, government agency programs (DLH and DKP 11 

Semarang City), universities through community service activities and companies through 12 

Corporate Social Responsibility (CSR) programs. Only a small part of the Semarang City 13 

area has mangroves that grow naturally because they are dominated by mangroves resulting 14 

from the rehabilitation process between local residents and related parties. The following 15 

tables and figures present information related to mangroves on the west coast of Semarang 16 

City, both spatially and in terms of their appearance in the field. 17 

No Village Mangrove Area (ha) 

1 Mangkang Kulon 15,52 
2 Mangunharjo 69,47 
3 Tugurejo 62,69 
4 Tambakharjo 25,11 

Total 172,79 

  Source: Visual Interpretation of SPOT 6 & Field Survey 18 

Mangroves are seen as an essential ecosystem because they affect many other 19 

ecosystems as well, then how is the condition of mangrove sustainability on the coast of 20 

Semarang? The sustainability of an ecosystem consists of 3 main aspects: social, 21 

environmental and economic or policymakers (Dayan, 2020). An ecosystem can be 22 

categorized as sustainable if these three aspects are met. From direct observation in the 23 



 

 

field, several aspects of mangrove sustainability can be seen at the research site. Mangroves 24 

on the coast of Semarang are growing well because of the community's participation who 25 

can maintain the ecosystem and continue to expand the mangrove ecosystem. Many people 26 

also depend on mangroves to meet their daily needs. However, there is another problem, 27 

will the mangroves survive in the long term or not? The issues faced by mangroves on the 28 

coast of Semarang are tidal flooding, garbage, confusion over the ownership of mangrove 29 

land and various other coastal problems (Kesemat, 2021). The results of interviews with 30 

the community in Mangkang Kulon show that the problem of ownership of mangrove land 31 

is one of the crucial problems. Mr. Sururi as an activist for the mangrove ecosystem, said 32 

that several years ago, his group was forced to remove the mangrove land that the group 33 

had been developing because the landowner would use the land for other uses. Then their 34 

group returned to rehabilitate the land west of the old land to develop a mangrove 35 

ecosystem. It is feared that such a thing will happen again, considering that the new land 36 

currently used is not 100% owned by the community. If this happens again, they will have 37 

to move the mangrove land to another location. Even though the rehabilitation of mangrove 38 

land takes a very long time and of course, it will make it challenging to increase the area of 39 

mangrove land on the coast of Semarang City. Problems like that then cause the mangroves 40 

in Semarang City to be said to be unsustainable. Of course, the sustainability of mangroves 41 

in the Semarang Coast requires more profound research.    42 

5. Conclusions 43 

Mangrove biodiversity mapping using the SAM method has been proven to show 44 

better results in Semarang coastal. Eight species dominated the study area. Fieldwork 45 

measurement using spectrometer found mangrove species also have a red-edge effect in 46 

near-infrared wavelength. Despite the opportunity to map mangrove distribution, our 47 



 

 

research only has 52% accuracy. In the future, need improvement image processing to 48 

increase map accuracy. 49 

 50 
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Abstract 207 

Remote sensing has been proven to map mangrove biodiversity and its distribution 208 

using spectral reflectance. This study aims to mangrove ecosystem in Semarang coastal 209 

area using the Spectral Angle Mapper (SAM) method for biodiversity identification at the 210 

species level. The remote sensing data is SPOT 7 imagery, acquired on 24 December 2019. 211 

In situ spectral reflection measurements were performed using a USB4000 spectrometer. 212 

The result from in situ measurement is referred to as the spectral library used for mangrove 213 

classification. Eight mangrove species were identified from the SAM method in this study, 214 

dominated by species Avicennia marina in the northen part of the study area where that 215 



 

 

area is the open area that directly faces the sea, according to the original habitat of 216 

Avicennia marina. The accuracy of the classification results shows a moderate-low number, 217 

which is 52%. The low value is because some species classes have small patches that are 218 

biased with other land-use. 219 

 220 

1. Introduction 221 

Indonesia is an archipelago country with the longest coastline after Canada (Dahuri, 222 

2007). The coastal has a diverse ecosystem, from the marine ecosystem to the mangrove 223 

ecosystem. It is estimated 18-23 percent of the world's mangrove ecosystem is in Indonesia, 224 

and 80 percent of the world's mangrove species (Fawzi, 2016; Rusila Noor, Y., M. Khazali, 1999). 225 

However, Indonesia's mangrove ecosystem faced consequential loss due to aquaculture 226 

development, urbanization, and agriculture (Ilman et al., 2016). Indonesia's annual mangrove 227 

loss is only six percent of total forest loss, but the impact is up to 31% of carbon emission 228 

in the land-use sector (Murdiyarso et al., 2015). Mangroves will become extinct and soon 229 

become a part of history (Julkipli et al., 2018).  230 

The conservation of the mangrove ecosystem's high carbon stock is vital to tackle 231 

climate change in the land-use sector (Alongi, 2020). Supporting conservation needs reliable 232 

mangrove condition data, including its species and distribution. The main problem is the 233 

data that had been provided by the government is not up to date and hard to identify the 234 

mangrove change. Rahadian et al. (Rahadian et al., 2019) stated that mangrove biodiversity 235 

data is a national problem given the importance of historical mangrove data on accurate 236 

and consistent. This data is very useful for developing policies in mangrove management. 237 

In recent years, to fill that gap, remote sensing data has successfully provided mangrove 238 

ecosystem information (Pham et al., 2019). The mangrove data usually describe the only 239 



 

 

information mangrove and not mangrove, without information of species. Indeed, the 240 

mangrove species information is important in mangrove management (Atkinson et al., 2016; 241 

Chow, 2018). Land use change that are not in accordance with their designation have made 242 

the mangrove area degraded increasingly. The reduced area of mangrove land has certainly 243 

led to the loss of mangrove species in the area. 244 

The accurate mangrove species mapping relies on the spectral characteristic of 245 

mangrove species in remote sensing images (Kamal et al., 2017, 2018). Every mangrove 246 

species has its signature of spectral reflection on a different wavelength. Hence, using the 247 

spectral library for mangrove species data in mangrove ecosystem mapping is efficient and 248 

cost-saving. In Indonesia, those method has not been widely used because requiring in situ 249 

measurement. Therefore, Spectral Angle Mapping (SAM) algorithm becomes a reliable 250 

method for mangrove ecosystem mapping in a term using spectral library data. In 251 

application, the SAM algorithm already successfully and the best approach for mangrove 252 

species mapping (Salghuna & Pillutla, 2017; Su et al., 2019). This research aims to map the 253 

mangrove ecosystem in Semarang coastal area using the SAM method for biodiversity 254 

identification. 255 

The interpretation results obtained that the mangrove area in the four coastal 256 

villages in Semarang is around 172.79 ha, of which most are located on the coast of 257 

Mangunharjo Village of 69.47 ha and on the coast of Tugurejo Village of 62.69 ha. Most 258 

of the mangroves in this location have a longitudinal distribution pattern on pond 259 

embankments and river borders. Still, there are also some mangroves that have clustering 260 

patterns such as in Mangunharjo Village and Tugurejo Village (Dukuh Tapak). 261 

Mangroves that are currently growing are the result of planting carried out by the 262 

community with edutourism programs, government agency programs (DLH and DKP 263 

Semarang City), universities through community service activities and companies through 264 



 

 

Corporate Social Responsibility (CSR) programs. Only a small part of the Semarang City 265 

area has mangroves that grow naturally because they are dominated by mangroves resulting 266 

from the rehabilitation process between local residents and related parties. The following 267 

tables and figures present information related to mangroves on the west coast of Semarang 268 

City, both spatially and in terms of their appearance in the field. 269 

 270 

 271 

2. Materials and Methods 272 

2.1 Study Area 273 

The research was conducted in Semarang coastal region (6°59′35″ S 110°25′14″ E). 274 

Semarang city has an area of 373.8 km² with 1.5 million inhabitants. The rainfall 2,800 mm 275 

per year. This research was conducted in two-site, Mangkang Kulon and Mangunharjo 276 

Village and Tugurejo and Tambakharjo Village.  The research was conducted in these four 277 

villages because these villages have different mangrove characteristics. Mangkang kulon 278 

and mangunharjo have mangrove conditions that are still well preserved, while the other 279 

two villages are starting to be degraded by other developed land and fish ponds. The 280 

 



 

 

difference in these characteristics can be used as a comparison material in the classification 281 

process later. 282 

Figure 1. The study location in the coastal area of Semarang City, Central Java.  283 

 284 

2.2 Data and Analysis 285 

The remote sensing data in this research is the SPOT 7 image acquired on 24 286 

December 2019. SPOT 7 has four multispectral bands and one panchromatic with 6 meter 287 

and 1.5-meter spatial resolution, respectively (Astrium Services, 2013).  The image was 288 

corrected geometrically and converted to top-of-atmosphere value (W/cm2.sr.nm). The 289 

radiometric correction using Fast Line-of-sight Atmospheric Analysis of Hypercubes 290 

(FLAASH) method.  291 

Fieldwork was conducted on 14-15 August 2020 at 09:00 – 11:00 in the morning to 292 

collect eight mangrove species' spectral data. Sampling with purposive random sampling 293 

method as many as 30 samples. Samples are taken according to the number of species 294 

contained in the study area. In the study area there are 8 species of mangroves then all 295 

species must be covered, where each species is taken 3 to 4 times in different locations. 296 

The sampling location follows the ease of accessibility, measurement using a spectrometer 297 

requires a enough. In addition, samples are taken only on vegetation that gets optimal 298 

sunlight. Each measurement at the sample point, recorded coordinates also to facilitate 299 

identification at the time of processing using SPOT imagery. space because there are cables 300 

connected to the spectrometer.  The eight mangrove species is Avicennia marina, 301 

Rhizophora apiculata, R. mucronata, R. stylosa, Bruguiera Gymnorhiza, Ceriops Tagal, 302 

Sonneratia alba and Xylocarpus granatum. The measurement used a USB4000 303 

spectrometer with sensor waveleght at 200 to 1100 nm. The wavelength of spectrometer 304 

calibrated with the wavelength on SPOT 7 image, with the range within 400 – 900 nm. 305 



 

 

Before using the spectrometer, it was calibrated with white reference and dark reference 306 

spectra to obtain reference spectrally. Spectral data from the spectrometer calculated 307 

following this equation to obtain the spectral characteristic of each mangrove species (Optic, 308 

2009). 309 

𝑅𝜆 =
𝑆𝜆−𝐷𝜆

𝑅𝑒𝑓𝜆−𝐷𝜆
× 100%    (1) 310 

Where Rλ is spectral reflectance (%),  Sλ is sample intensity,  Dλ is the dark 311 

reference, and Refλ is the white reference. 312 

The thirty samples were measured during two days of fieldwork. The data converted 313 

into a spreadsheet for spectral library database input in mangrove classification using the 314 

SAM method. SAM is an algorithm based on the assumption that a pixel in the remote 315 

sensing imagery reflects an object on the earth’s surface (Rashmi et al., 2014). This algorithm 316 

uses a deterministic similarity measure to compare an unknown pixel based on the spectral 317 

library (Bertels et al., 2002). A pixel’s spectral reflection can be described as a vector in a n- 318 

dimensional space or feature space, n is the number of wavelenght.each vector must have 319 

a certain lenght and direction (Kruse et al., 1993). Classification using SAM algorithm is done 320 

by calculating the spectral angle between the spectral reflection of a pixel and the spectral 321 

library. Each pixel will be grouped into a class based on the lowest value on its spectral 322 

angle. The smaller angle formed, the more suitable it reflects the spectral library. The 323 

spectral reflection pattern that is further away from the maximum threshold of the specified 324 

angle is categorized as unclassified (Cho et al., 2012). The SAM method is a supervised 325 

classification because it uses the spectral library from in situ measurement for the training 326 

area. The equation that used using the following equation (Jensen J. R, 2005): 327 

𝛼 = 𝑐𝑜𝑠−1 [
∑ 𝑡𝑖𝑟𝑖
𝑛𝑏
𝑖=1

(∑ 𝑡𝑖2)𝑛𝑏
𝑖=1

1/2
(∑ 𝑟𝑖2)𝑛𝑏

𝑖=1

1/2]  (2) 328 



 

 

Where α is a spectral angle, nb is the satellite image band (four in SPOT 7), t is the 329 

spectral pixel, and r is the spectral library. The fieldwork data also for accuracy 330 

measurement using the confusion matrix method. 331 

3. Results and Discussion 332 

3.1. Mangrove Spectral Reflectance 333 

(a) 



 

 

 

 

 

 

 

 

 

 

(b) 

Figure 2. (a) the spectral reflectance of mangrove species from in situ 

measurement, and (b) spectral plot for classification in SPOT 7 image from in situ 

measurement. 

 334 

The result shows that spectral reflectance from field measurement has two peaks at 335 

the green and near-infrared wavelength. The vegetation has a sharp change in leaf 336 

reflectance from red to near-infrared or known as a red-edge (Horler et al., 1983). In 337 

mangrove species, the red The red-edge information can improve species classification 338 

(Schuster et al., 2012). 339 

In Figure 2, the spectral reflection of each mangrove species shows the pattern of 340 

healthy vegetation. Healthy vegetation has absorbed the wavelength in blue (400-500 nm) 341 

and red (600-700 nm), and increase in green because of chlorophyll and red edge in near- 342 

infrared (Kamal et al., 2018).  343 

The Bruguiera gymnorhiza species has the highest spectral reflectance among other 344 

mangrove species. At the same time, A. marina has the lowest reflectance value in the 345 

visible wavelength and Sonneratia alba in near-infrared wavelength. Even mangrove 346 

species have the same pattern of reflectance, but every species has a different signature 347 

wavelength. So, despite having the same pattern, each species will have a different spectral 348 

reflectance (Arfan et al., 2015; Indarto, 2012). The difference is caused by age, health 349 

condition, and tree physiology, such as canopy and leaf geometry (Blasco et al., 1998). 350 



 

 

3.2. Mangrove Mapping 351 

The spectral library from in situ measurement became a reference for mangrove 352 

species mapping in SPOT 7. The result (fig. 3) shows A. marina dominated in the northern 353 

place where direct adjacent with the sea with an area up to 30 hectares (Table 1). Avicennia 354 

has adaptation in high salinity with several adaptations, such as exclude the excess salt from 355 

metabolic mechanisms (Hogarth, 2017). The distribution followed by Rhizophora with a total 356 

from three species is 29 hectares. Then getting to the mainland characterize by lower 357 

salinity. The Xylocarpus granatum and Ceriop tagal dominated mangrove distribution on 358 

the mainland due to its adaptation to lower salinity. The SAM method also can detect the 359 

presence of Sonneratia with only one hectare. 360 

(a) 



 

 

 

(b) 

Figure 3. the mangrove species map using SAM algorithm in Mangkang Kulon and 

Mangunharjo Village (a) and in Tugurejo and Tambakharjo Village (b). 

 361 

The previous research by (Tri Martuti, 2014; Tri Martuti et al., 2019) about the 362 

composition of vegetation in Tapak village, Tugu district stated that Tapak has 16 363 

vegetation species, consist of 12 family with dominancy from A. marina and R. mucronata. 364 

This is suitable with the result of this study that Tapak village was dominated by two 365 

species, A. marina and R. mucronata. Those species is a cultivation’s species because in 366 

Tapak village was formed an artificial ecosystem for mangroves. A. marina and R. 367 

mucronata are the most widely grown crops in these ecosystem. 368 

 369 



 

 

 370 

Table 1. The total area according to mangrove species from SAM classification  371 

No Mangrove species Area 

(Ha) 

1 Sonneratia alba 0.86 

2 Rhizophora 

apiculata 

5.05 

3 R. mucronata 7.20 

4 R. stylosa 15.56 

5 Xylocarpus 

granatum 

20.02 

6 Ceriops tagal 27.42 

7 Avicennia marina 29.63 

8 Bruguiera 

gymnorhiza 

29.87 

 372 

The classification results using the Sam method are tested for accuracy by 373 

comparing them with conditions in the field. The accuracy test was carried out using the 374 

confusion matrix or error matrix method. An error matrix is an arrangement of numbers 375 

arranged in rows and columns that is a representation of the number of sample units (such 376 

as pixels, pixel groups, or polygons), filled according to categories, relative to actual 377 

categories (Congalton & Green, 2005). Matrix errors contain classes of image classification 378 

results in their rows, and field checking classes in columns, while matrix contents show the 379 

number of objects. The more objects that show the similarity of classes in rows and 380 

columns, the higher the accuracy of classification results. Matrix errors produce overall 381 

accuracy. Overall accuracy is the percentage of the number of pixels resulting from the 382 

correct SAM classification based on field data. In addition, matrix errors also produce 383 

producer and user accuracy. In addition, matrix errors also produce producer and user 384 

accuracy. Producer’s and user’s accuracies are ways of representing individual category 385 

accuracies. Producer’s accuracy is the amount of errors of commission. A commission error 386 

is defined as including an area in category (one of the species) when it does not belong to 387 



 

 

that category (species). User’s accuracy is the amount of errors of omission. An omission 388 

error is defined as excluding an area from the category (species) to which it belongs. Every 389 

errors is an omission from correct category (species) and a commission to a wrong category 390 

(species) (Congalton & Green, 2005).  391 

The confusion matrix method to assess accuracy found overall accuracy is only 392 

52%.  This means that only half of the classified mangrove area has the correct species or 393 

according to the conditions in the field. The reason for lower accuracy is from the scatter 394 

of non-dominated species distribution. Scatter distribution lead to increased background 395 

noise from land-use around Bruguiera such as ponds and road. The decrease in the accuracy 396 

value can be seen in the following matrix. In the matrix, there is information about producer 397 

accuracy and user accuracy of each species. Producer accuracy shows how well each 398 

species in the field has been classified. If producer accuracy produces a value of 100%, no 399 

pixels from that class are entered into other classes. Meanwhile, if user accuracy produces 400 

a value of 100%, the class does not misclassify by not taking pixels from other classes 401 

(Story & Congalton, 1986). If we look at the matrix below, the highest user accuracy is in the 402 

classes R. mucronata, R. apiculata and A. marina. Conditions in the field also show that 403 

these three species dominate the mangrove area at the study site. So the potential for 404 

misclassification can also be avoided. However, the R. stylosa, X. granatum and Sonneratia 405 

species have low user accuracy, even up to 0%. It is because the three species do not 406 

dominate in the research location, their distribution is sporadic and of course does not meet 407 

SPOT pixels with a size of 6x6 meters. The image used is SPOT with a spatial resolution 408 

of 6x6 meters, if an object has an area of less than 36 m2, it will produce mixed pixels on 409 

the pixel meaning that the reflectance value of the pixel is not the value of a single object. 410 

In the field, the three non-dominated objects at the time of measurement have an area of 411 

less than 36m2, the pixel value at the location is heavily influenced by the reflectance of 412 



 

 

other objects such as roads, ponds and pond embankments. Conditions like this will 413 

certainly lead to a large potential for misclassification (Choodarathnakara et al., 2012). 414 

The largest contribution of user accuracy values was only for the species R. 415 

mucronata, R. apiculata and A. marina. In contrast, other species did not contribute a large 416 

accuracy value and even reached 0%. This of course, causes the overall accuracy value to 417 

be low, and the resulting value is 52%. However, research on classification using the 418 

spectral library with the SAM method still produces an accuracy value that is not too high. 419 

Similar studies such as by (Kamal et al., 2018) regarding the classification of mangrove 420 

species on Karimun Java Island resulted in an accuracy value of 62%, then research on the 421 

classification of seagrass habitats using the SAM method on Tunda Island resulted in an 422 

accuracy value of 35.6% (Aziizah et al., 2016). The research resulted in a low accuracy value. 423 

This research has its own factors that cause low accuracy, one of which is not meeting the 424 

area per pixel of the image used for a species, resulting in mixed pixels and ambiguous 425 

classification results. The same factor also occurred in this study.       426 

  427 



 428 

  Classified Value 

  B.gymnorhiza C.tagal R.stylosa X.granatum R.mucronata R.apiculata A.marina Sonneratia User 

accuracy 

(%) 

T
h
em

at
ic

 

B.gymnorhiza 1 0 0 0 1 0 0 0 50 

C.tagal 0 1 0 0 1 0 0 0 50 

R.stylosa 0 0 0 0 0 0 2 0 0 

X.granatum 0 0 0 0 1 0 1 0 0 

R.mucronata 0 0 0 2 0 0 0 0 100 

R.apiculata 0 0 0 0 2 0 0 0 100 

A.marina 0 0 0 0 0 2 0 0 100 

Sonneratia 0 0 0 0 2 0 0 0 0 

 Producer 

Accuracy (%) 

100 100 0 0 28.6 100 40 0 52 

429 



 

 

3.3. Mangrove Ecosystem Sustainability in Semarang 

Mangroves are seen as an essential ecosystem because they affect many other ecosystems 

as well, then how is the condition of mangrove sustainability on the coast of Semarang? The 

sustainability of an ecosystem consists of 3 main aspects: social, environmental and economic 

or policymakers (Dayan, 2020). An ecosystem can be categorized as sustainable if these three 

aspects are met. From direct observation in the field, several aspects of mangrove sustainability 

can be seen at the research site. Mangroves on the coast of Semarang are growing well because 

of the community's participation who can maintain the ecosystem and continue to expand the 

mangrove ecosystem. Many people also depend on mangroves to meet their daily needs. 

However, there is another problem, will the mangroves survive in the long term or not? The 

issues faced by mangroves on the coast of Semarang are tidal flooding, garbage, confusion 

over the ownership of mangrove land and various other coastal problems (Kesemat, 2021). The 

results of interviews with the community in Mangkang Kulon show that the problem of 

ownership of mangrove land is one of the crucial problems. Mr. Sururi as an activist for the 

mangrove ecosystem, said that several years ago, his group was forced to remove the mangrove 

land that the group had been developing because the landowner would use the land for other 

uses. Then their group returned to rehabilitate the land west of the old land to develop a 

mangrove ecosystem. It is feared that such a thing will happen again, considering that the new 

land currently used is not 100% owned by the community. If this happens again, they will have 

to move the mangrove land to another location. Even though the rehabilitation of mangrove 

land takes a very long time and of course, it will make it challenging to increase the area of 

mangrove land on the coast of Semarang City. Problems like that then cause the mangroves in 

Semarang City to be said to be unsustainable. Of course, the sustainability of mangroves in the 

Semarang Coast requires more profound research.    



 

 

5. Conclusions 

Mangrove biodiversity mapping using the SAM method has been proven to show better 

results in Semarang coastal. Eight species dominated the study area. Fieldwork measurement 

using spectrometer found mangrove species also have a red-edge effect in near-infrared 

wavelength. Despite the opportunity to map mangrove distribution, our research only has 52% 

accuracy. In the future, need improvement image processing to increase map accuracy. 

Methods of species identification using remote sensing still require development. The 

development can be an improvement in the number of samples with different location 

variations so that the spectral library is richer, and also improvements to the algorithms used 

to better identify species. In terms of overall monitoring of biodiversity, the methodology we 

have chosen clearly has some limits. Remote sensing analysis can only show how a certain 

distribution of vegetables changes with time. To separate different mangrove species, needed 

more development. Moreover, our remote sensing analysis was carried out only once. It would 

be necessary to repeat this at least three times to assess data reproducibility and the consequent 

reliability of the analysis. 

 

 

Author Contributions: This research has been done by a team, consist of Tjaturahono 

Budi Sanjoto, Vina Nurul Husna and Wahid Akhsin Budi Nur Sidiq. Conceptualization for this 

research has been done by Tjaturahono BS, and building methodology, find the right software, 

validation, formal analysis, data curation, writing original draft preparation and editing has 

been done by Vina NH. For supervising this project and project administration has been done 

by Wahid Akhsin. And the last thing is funding acquisition has been done by Tjaturahono. 



 

 

Funding: This research was funded by Research and Community Service Institute of 

Semarang State University, with grant number SP DIPA-023.17.2.677507/2020. 

Data Availability Statement: The data presented in this study are available on request from 

the corresponding author. The data are not publicly available due to further and detail research. 

Acknowledgments: The author would like to thank Dr. Suwito Eko Pramono, M.Pd as the 

Head of the Semarang State University of Research and Community Service Institute, who has 

provided funds to achieve this research. We would like to Mr. Sururi for giving permission and 

providing instructions during field measurements. Also, for National Aeronautics and Space 

Agency for give opportunity and provide SPOT 7 data. 

Conflicts of Interest: The authors declare no conflict of interest and The funders had no role 

in the design of the study; in the collection, analyses, or interpretation of data; in the writing of 

the manuscript, or in the decision to publish the results. 

 

 

 

 

References 

Alongi, D. M. (2020). Global Significance of Mangrove Blue Carbon in Climate Change Mitigation. Sci, 2(3), 

67. https://doi.org/10.3390/sci2030067 

Arfan, A., Toriman, M. E., Maru, R., Nyompa, S., Sciences, N., Makassar, U. N., Campus, G. B., & 

Terengganu, K. (2015). Reflectance Characteristic of Mangrove Species using Spectroradiometer HR-

1024 in Suppa Coast , Pinrang , South Sulawesi , Indonesia. 03(05), 642–648. 

Astrium Services. (2013). SPOT 6 & SPOT 7 imagery user guide. Astrium Services, July, vi + 77pp. 

Atkinson, S. C., Jupiter, S. D., Adams, V. M., Ingram, J. C., Narayan, S., Klein, C. J., & Possingham, H. P. 

(2016). Prioritising mangrove ecosystem services results in spatially variable management priorities. 

PLoS ONE, 11(3), 1–21. https://doi.org/10.1371/journal.pone.0151992 

Aziizah, N. N., Siregar, V. P., Agus, S. B., Akedemik, J. L., Dermaga, K. I. P. B., & Indonesia, B. (2016). 

Penerapan Algoritma Spectral Angle Mapper ( Sam ) Untuk Klasifikasi Lamun Menggunakan Citra 

Satelit Worldview-2 ( Spectral Angle Mapper ( Sam ) Algorithm Application for Seagrass Classification 

Using Worldview-2 Sattelite Imagery ). Jurnal Penginderaan Jauh Dan Pengolahan Data Citra Digital, 

2, 61–72. 



 

 

Bertels, L., Deronde, B., Debruyn, W., & Provoost, S. (2002). Optimized Spectral Angle Mapper 

classification of spatially heterogeneous dynamic dune vegetation , a case study along the Belgian 

coastline Optimized Spectral Angle Mapper classification of spatially heterogeneous dynamic dune 

vegetation , a case study a. November. 

Blasco, F., Gauquelin, T., Rasolofoharinoro, M., Denis, J., Aizpuru, M., & Caldairou, V. (1998). Recent 

advances in mangrove studies using remote sensing data. Marine and Freshwater Research, 49(4), 

287–296. https://doi.org/10.1071/mf97153 

Cho, M. A., Mathieu, R., & Debba, P. (2012). MULTIPLE ENDMEMBER SPECTRAL-ANGLE-MAPPER (SAM) 

ANALYSIS IMPROVES DISCRIMINATION OF SAVANNA TREE SPECIES. 4(3), 14–17. 

Choodarathnakara, A. L., Kumar, T. A., Koliwad, S., & Patil, C. G. (2012). Mixed Pixels: A Challenge in 

Remote Sensing Data Classification for Improving Performance. International Journal of Advanced 

Research in Computer Engineering & Technology (IJARCET), 1(9), 261–271. 

Chow, J. (2018). Mangrove management for climate change adaptation and sustainable development in 

coastal zones. Journal of Sustainable Forestry, 37(2), 139–156. 

https://doi.org/10.1080/10549811.2017.1339615 

Congalton, R. G., & Green, K. (2005). Assessing the Accuracy of Remotely Sensed Data Principles and 

Practices Second Edition 55127_C000.indd 1 11/4/08 7:12:20 PM. 

Dahuri, R. (2007). Pre- and Post-tsunami Coastal Planning and Land-use Policies and Issues in In-donesia. 

Proceeding of the Workshop on Coastal Area Planning and Management in Asian Tsunami-Affected 

Country. Food and Agricultural Organization of the United Nation. 

Dayan, D. W. (2020). ( Peran Sustainability Reporting dalam Pembangunan Berkelanjutan ) (Issue May). 

https://doi.org/10.6084/m9.figshare.15655692.v1 

Fawzi, N. I. (2016). MANGROVE: Karakteristik, Pemetaan dan Pengelolaannya. SiBuku. 

Hogarth, P. J. (2017). Mangrove Ecosystems. Reference Module in Life Sciences. Elsevier. 

https://doi.org/https://doi.org/10.1016/B978-0-12-809633-8.02209-3 

Horler, D. N. H., Dockray, M., & Barber, J. (1983). The red edge of plant leaf reflectance. International 

Journal of Remote Sensing, 4(2), 273–288. 

https://doi.org/https://doi.org/10.1080/01431168308948546 

Ilman, M., Dargusch, P., Dart, P., & Onrizal. (2016). A historical analysis of the drivers of loss and 

degradation of Indonesia’s mangroves. Land Use Policy, 54, 448–459. 

https://doi.org/10.1016/j.landusepol.2016.03.010 

Indarto. (2012). Teori dan Praktek Penginderaan Jauh. Andi Publisher. 

Jensen J. R. (2005). Introductory Digital Image Processing: a Remote Sensing Perspective (3rd ed.). Pearson 

Prentice Hall. 

Julkipli, Batubara, R. R., Jogia, G. E., Batubara, I., Audah, K. A., & Nunuk, K. N. (2018). Introduction of 

bioprospecting opportunities for Indonesian mangrove species. IOP Conference Series: Earth and 

Environmental Science, 183(1), 8–13. https://doi.org/10.1088/1755-1315/183/1/012013 



 

 

Kamal, M., Ningam, M. U. L., & Alqorina, F. (2017). The Effect of Field Spectral Reflectance Measurement 

Distance to the Spectral Reflectance of Rhizophora stylosa. IOP Conference Series: Earth and 

Environmental Science, 98(1). https://doi.org/10.1088/1755-1315/98/1/012059 

Kamal, M., Ningam, M. U. L., Alqorina, F., Wicaksono, P., & Murti, S. H. (2018). Combining field and image 

spectral reflectance for mangrove species identification and mapping using WorldView-2 image. 

October, 60. https://doi.org/10.1117/12.2325629 

Kesemat. (2021). Mangrove di Semarang. https://kesemat.or.id/semarang/ 

Kruse, F. A., Lefkoff, A. B., Boardman, J. W., Heidebrecht, K. B., Shapiro, A. T., Barloon, P. J., & Goetz, A. F. 

H. (1993). No TitlThe Spectral Image Processing System (SIPS)- interactive visualization and analysis 

of imaging spectrometer data. Remote Sensing of Environment, 44(2–3), 145–163. 

Murdiyarso, D., Purbopuspito, J., Kauffman, J. B., Warren, M. W., Sasmito, S. D., Donato, D. C., Manuri, S., 

Krisnawati, H., Taberima, S., & Kurnianto, S. (2015). The potential of Indonesian mangrove forests for 

global climate change mitigation. Natural Climate Change, 5, 1089–1092. 

Optic, O. (2009). Spectra Suite Spectrometer Operating Software. United State of America inc. 

Pham, T. D., Yokoya, N., Bui, D. T., Yoshino, K., & Friess, D. A. (2019). Remote sensing approaches for 

monitoring mangrove species, structure, and biomass: Opportunities and challenges. Remote 

Sensing, 11(3), 1–24. https://doi.org/10.3390/rs11030230 

Rahadian, A., Prasetyo, L. B., Setiawan, Y., & Wikantika, K. (2019). A Historical Review of Data and 

Information of Indonesian Mangroves Area. Media Konservasi, 24(2), 163–178. 

https://doi.org/10.29244/medkon.24.2.163-178 

Rashmi, S., Addamani, S., Venkat, & Ravikiran, S. (2014). Spectal Angle Mapper Algorithm for remote 

Sensing Image Classification. International Journal of Innovative Science, Engineering & Technology, 

1(4), 201–205. 

Rusila Noor, Y., M. Khazali, I. N. N. S. (1999). Pengenalan Mangrove di Indonesia. 

Salghuna, N. N., & Pillutla, R. C. P. (2017). Mapping Mangrove Species Using Hyperspectral Data: A Case 

Study of Pichavaram Mangrove Ecosystem, Tamil Nadu. Earth Systems and Environment, 1, 1–12. 

Schuster, C., Forster, M., & Kleinschmit, B. (2012). Testing the red edge channel for improving land-use 

classifications based on high-resolution multispectral satellite data. International Journal of Remote 

Sensing2, 33(17), 5583–5599. https://doi.org/10.1080/01431161.2012.666812 

Story, M., & Congalton, R. G. (1986). Remote Sensing Brief Accuracy Assessment: A User’s Perspective. 

Photogrammetric Engineering and Remote Sensing, 52(3), 397–399. 

Su, X., Wang, X., Zhao, J., Cao, K., Fan, J., & Yang, Z. (2019). Improved Spectral Angle Mapper applications 

for mangrove classification using SPOT5 imagery. Open Science Discussion, 1–25. 

Tri Martuti, N. K. (2014). Keanekaragam Mangrove Di Wilayah Tapak, Tugurejo, Semarang. Jurnal MIPA 

Unnes, 36(2), 113503. 

Tri Martuti, N. K., Anggraito, Y. U., & Anggraini, S. (2019). Vegetation Stratification in Semarang Coastal 

Area. Biosaintifika: Journal of Biology & Biology Education, 11(1), 139–147. 

https://doi.org/10.15294/biosaintifika.v11i1.18621 

  



 

 

Accepted and Copy Editing  
 

 

 

 

 

 

 

 



 

 

 

 

 
www.ojs.unito.it/index.php/visions  

 

 
Spectral Angle Mapper Algorithm for    
Mangrove Biodiversity Mapping in         
Semarang Indonesia 

 

Tjaturahono Budi Sanjoto, Vina Nurul Husna and Wahid Akhsin Budi Nur 
Sidiq 

  

 

 

Received: 15 November 2021 | Accepted: 7 May 2022 | Published: 2 June 2022  

Citation: Sanjoto, T.S., Husna, V.N., and Budi Nur Sidiq, A.W. (2022) Spectral Angle Mapper 
Algorithm for Mangrove Biodiversity Mapping in Semarang Indonesia. Visions for Sustainability, 
6238, 01-18. http://dx.doi.org/10.13135/2384-8677/6238  

Correspondence: Tjaturahono Budi Sanjoto, e-mail: tjatur@mail.unnes.ac.id  
Extended author information available on the last page of the article 

 

1. Introduction 

2. Materials and Methods 

2.1. Study Area 

2.2. Data and Analysis 

3. Results and Discussion 

3.1. Mangrove Spectral Reflectance  

3.2. Mangrove Mapping 

4. Conclusions 

Keywords: Mangrove biodiversity mapping; Remote sensing; Spectral angle 
mapper.  

________________________________________________________ 

Original Paper  

http://www.ojs.unito.it/index.php/visions
http://dx.doi.org/10.13135/2384-8677/6238
mailto:tjatur@mail.unnes.ac.id


2 Sanjoto, Husna, and Budi Nur Sidiq 

 

 

Vis Sustain, 6238, 1-18 http://dx.doi.org/10.13135/2384-8677/6238  

 

Abstract. Monitoring biodiversity is a key component of sustainability re-

search related to safeguarding ecosystems. Although there still exist limits to 

its application, remote sensing has been used to map mangrove biodiversity 

and its distribution using spectral reflectance. This study considers the man-

grove ecosystem in the Semarang coastal area using the Spectral Angle Map-

per (SAM) method for biodiversity identification at species level. The remote 

sensing data is SPOT 7 imagery, acquired on 24 December 2019. In situ spec-

tral reflection measurements were performed using a USB4000 spectrometer. 

The result from in situ measurement is referred to as the spectral library used 

for mangrove classification. Eight mangrove species were identified by the 

SAM method in this study, with a preponderance of the species Avicennia 

marina in the northern part of the study area, an open area that directly faces 

the sea, corresponding to the original habitat of Avicennia marina. The study 

shows that while the SAM method can be considered accurate for species with 

larger concentrations, the classification results demonstrate an overall mod-

erate-low accuracy of 52% because some species classes have small patches 

that are intermingled with areas of different land-use. Further developments 

in remote sensing analysis techniques and more research will be necessary to 

endeavor to overcome these limits. 

_____________________________________________________________ 

1. Introduction 

Indonesia is an archipelago country with the second longest coastline, after Can-

ada (Dahuri, 2007). The coast has diverse ecosystems, ranging from the marine 

ecosystem to the mangrove ecosystem. It is estimated that 18-23 percent of the 

world's mangrove ecosystem is in Indonesia, and 80 percent of the world's man-

grove species (Fawzi, 2016; Rusila Noor, Y., M. Khazali, 1999). However, Indo-

nesia's mangrove ecosystem has faced gradual loss due to aquaculture develop-

ment, urbanization, and agriculture (Ilman et al., 2016). Indonesia's annual man-

grove loss is only six percent of total forest loss, but the impact rises to 31% of 

carbon emissions in the land-use sector (Murdiyarso et al., 2015). There is a real 

risk that mangroves will become extinct and relatively soon become a part of 

history (Julkipli et al., 2018).  
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The conservation of the mangrove ecosystem's high carbon stock is vital to help 

mitigate climate change in the land-use sector (Alongi, 2020). Mangroves consti-

tute a vitally important ecosystem because they affect the wellbeing of many 

other ecosystems. Studying mangrove sustainability on the coast of Semarang, 

involves taking into consideration social and environmental issues, together with 

the roles of economic agents and policy makers (Dayan, 2020). Direct observa-

tion in the field allows us to observe several aspects of mangrove sustainability 

at the research site. Mangroves are growing well where community participation 

can maintain and continue to expand the mangrove ecosystem.  

At the same time, many people depend on mangroves to meet their daily needs, 

but their long-term survival is in jeopardy because of tidal flooding, garbage, con-

fusion over the ownership of mangrove land and various other coastal problems 

(Kesemat, 2021). The results of interviews with the community in Mangkang 

Kulon show that the problem of ownership of mangrove land is one of the cru-

cial problems. An activist group reports that its endeavors to protect and pro-

mote mangrove ecosystems have been hampered by landowners’ desire to desig-

nate the land for other uses. Where the land currently used is not 100% owned 

by the community, there is always a risk of such groups being forced to move 

their mangrove land to another location. Certainly, the rehabilitation of man-

grove land takes a very long time and increasing the area of mangrove land on 

the coast of Semarang City poses many challenges. Much more research is re-

quired into the sustainability of mangroves on the Semarang Coast and their re-

lationship with other ecosystems.  

Supporting their conservation needs reliable mangrove condition data, including 

its species and distribution. The main problem is the data that had been provided 

by the government is not up to date and it is hard to identify mangrove change. 

Rahadian et al. (2019) have stated that mangrove biodiversity information is a 

national problem, given the importance of having accurate and consistent histor-

ical data. Such data is essential for developing policies in mangrove management. 

In recent years, remote sensing data has begun to successfully provide mangrove 

ecosystem information (Pham et al., 2019). In the past, available mangrove data 

has usually not given information concerning specific species, but this is funda-

mental for mangrove management (Atkinson et al., 2016; Chow, 2018). Moreo-

ver, indiscriminate land use change, not in accordance with a specific designation, 

has led to increasing degradation of the mangrove area and consequent loss of 

mangrove species. 

Accurate mangrove species mapping relies on the spectral characteristics of man-

grove species in remote sensing images (Kamal et al., 2017, 2018). Every 
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mangrove species has its signature of spectral reflection on a different wave-

length. Hence, using the spectral library for mangrove species data in mangrove 

ecosystem mapping is efficient and cost-saving. In Indonesia, this method has 

not been widely used because it requires in situ measurement. A Spectral Angle 

Mapping (SAM) algorithm aims to become a reliable method for mangrove eco-

system mapping using spectral library data. In its application, the SAM algorithm 

has already proved successful as the most promising approach for mangrove spe-

cies mapping (Salghuna & Pillutla, 2017; Su et al., 2019). This research aims to 

map the mangrove ecosystem in Semarang coastal area using the SAM method 

for biodiversity identification. 

2. Materials and Methods 

2.1 Study Area  

The research was conducted in Semarang coastal region (6°59′35″ S 110°25′14″ 

E). Semarang city has an area of 373.8 km² with 1.5 million inhabitants. The 

rainfall 2,800 mm per year. This research was conducted in two-site, Mangkang 

Kulon and Mangunharjo Village and Tugurejo and Tambakharjo Village. The 

research was conducted in these four villages because they have different man-

grove characteristics. Mangkang kulon and mangunharjo have mangrove condi-

tions that are still well preserved, while the other two villages are starting to be 

degraded by other developed land and fishponds. The difference in these char-

acteristics can be used as a comparison material in the classification process later. 

The data obtained covers an area of around 172.79 ha, most of which is located 

on the coastline of Mangunharjo Village with 69.47 ha and on the coastline of 

Tugurejo Village with 62.69 ha. Most of the mangroves in this location have a 

longitudinal distribution pattern on pond embankments and river borders. There 

are also some mangroves that have cluster patterns, such as in Mangunharjo Vil-

lage and Tugurejo Village (Dukuh Tapak). 

Mangroves that are currently growing are the result of planting carried out by the 

community with edutourism programs, government agency programs (DLH and 

DKP Semarang City), universities through community service activities and com-

panies through Corporate Social Responsibility (CSR) programs. Only a small 

part of the Semarang City area has mangroves that grow naturally, and the vast 

majority is the result of the rehabilitation process carried out by residents and 

related parties. The tables and figures present information related to mangroves 
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on the west coast of Semarang City, both spatially and in terms of their appear-

ance in the field. 

 

 

Figure 1. The study location in the coastal area of Semarang City, Central Java.  

 

2.2 Data and Analysis  

The remote sensing data in this research is the SPOT 7 image acquired on De-

cember 24, 2019. SPOT 7 has four multispectral bands and one panchromatic 

with 6 meter and 1.5-meter spatial resolution respectively (Astrium Services, 

2013). The image was corrected geometrically and converted to top-of-atmos-

phere value (W/cm2.sr.nm). The radiometric correction used the Fast Line-of-

sight Atmospheric Analysis of Hypercubes (FLAASH) method.  

Fieldwork was conducted on August 14-15, 2020, between 09:00 and 11:00 a.m., 

to collect eight mangrove species' spectral data. The purposive random sampling 

method employed provided as many as 30 samples. The samples were taken ac-

cording to the number of species contained in the study area. In this area there 

were 8 species of mangroves to be covered and data was collected for each 
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species 3 to 4 times in different locations. The sampling location was based on 

the ease of accessibility to permit measurement using a spectrometer. In addition, 

samples were taken only on vegetation that gets optimal sunlight. Each measure-

ment at the sample point recorded coordinates to facilitate identification at the 

time of processing using SPOT imagery where there was sufficient space for ca-

bles connected to the spectrometer.  

The eight mangrove species were Avicennia marina, Rhizophora apiculata, R. 

mucronata, R. stylosa, Bruguiera Gymnorhiza, Ceriops Tagal, Sonneratia alba 

and Xylocarpus granatum. The measurement used a USB4000 spectrometer with 

sensor wavelength at 200 to 1100 nm. The wavelength of spectrometer calibrated 

with the wavelength on SPOT 7 image, with a range within 400 – 900 nm. Before 

using the spectrometer, it was calibrated with white and dark reference spectra 

to obtain reference spectrally. Spectral data from the spectrometer was calculated 

following this equation to obtain the spectral characteristic of each mangrove 

species (Optic, 2009). 

 

𝑅𝜆 =
𝑆𝜆 − 𝐷𝜆

𝑅𝑒𝑓𝜆 − 𝐷𝜆
× 100% 

 

The thirty samples were measured during two days of fieldwork. The data was 

converted into a spreadsheet for spectral library database input in mangrove clas-

sification using the SAM method. SAM is an algorithm based on the assumption 

that a pixel in the remote sensing imagery reflects an object on the earth’s surface 

(Rashmi et al., 2014). This algorithm uses a deterministic similarity measure to 

compare with an unknown pixel based on the spectral library (Bertels et al., 2002). 

A pixel’s spectral reflection can be described as a vector in a n-dimensional space 

or feature space, n being the number of wavelengths. Each vector must have a 

certain length and direction (Kruse et al., 1993). Classification using the SAM 

algorithm is done by calculating the spectral angle between the spectral reflection 

of a pixel and the spectral library. Each pixel is grouped into a class based on the 

lowest value on its spectral angle. The smaller the angle formed, the more suitably 

it reflects the spectral library. The spectral reflection pattern that is furthest away 

from the maximum threshold of the specified angle is categorized as unclassified 

(Cho et al., 2012). The SAM method is a supervised classification because it uses 

the spectral library from in situ measurement for the training area. The following 

equation was used (Jensen J. R, 2005): 
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𝛼 = 𝑐𝑜𝑠−1 [
∑ 𝑡𝑖𝑟𝑖
𝑛𝑏
𝑖=1

(∑ 𝑡𝑖2)𝑛𝑏
𝑖=1

1/2
(∑ 𝑟𝑖2)𝑛𝑏

𝑖=1

1/2
] 

 

Where α is a spectral angle, nb is the satellite image band (four in SPOT 7), t is 

the spectral pixel, and r is the spectral library. The fieldwork data was also 

checked for accuracy measurement using the confusion matrix method, a specific 

table layout that allows visualization of the performance of an algorithm. 

3. Results and Discussion 

3.1 Mangrove Spectral Reflectance 

The results obtained show that spectral reflectance from field measurement has 

two peaks at the green and near-infrared wavelength. The vegetation has a sharp 

change in leaf reflectance from red to near-infrared, also known as a red-edge 

(Horler et al., 1983). In mangrove species, the red-edge information can improve 

species classification (Schuster et al., 2012). 

In Figure 2, the spectral reflection of each mangrove species shows the pattern 

of healthy vegetation. Healthy vegetation has absorbed the wavelength in blue 

(400-500 nm) and red (600-700 nm) and increase in green because of chlorophyll 

and red edge in near infrared (Kamal et al., 2018). 

The Bruguiera gymnorhiza species has the highest spectral reflectance among the 

mangrove species. A. marina has the lowest reflectance value in the visible wave-

length and Sonneratia alba in the near-infrared wavelength. Even where mangrove 

species have the same pattern of reflectance, every species has a different signa-

ture wavelength. So, despite having the same pattern, each species will have a 

different spectral reflectance (Arfan et al., 2015; Indarto, 2012). The difference is 

caused by age, health condition, and tree physiology, such as canopy and leaf 

geometry (Blasco et al., 1998). 
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No Mangrove species Area(Ha) 

1 Sonneratia alba 0.86 

2 Rhizophora apiculata 5.05 

3 R. mucronata 7.20 

4 R. stylosa 15.56 

5 Xylocarpus granatum 20.02 

6 Ceriops tagal 27.42 

7 Avicennia marina 29.63 

8 Bruguiera gymnorhiza 29.87 

Table 1. The total area of mangrove species from SAM classification 

 

The classification results using the Sam method were tested for accuracy by com-

paring them with conditions in the field. The accuracy test was carried out using 

the confusion matrix or error matrix method. An error matrix is an arrangement 

of numbers arranged in rows and columns that is a representation of the number 

of sample units (such as pixels, pixel groups, or polygons), filled in according to 

categories, relative to actual categories (Congalton & Green, 2005). Matrix errors 

contain classes of image classification results in their rows, and field checking 

classes in columns, while matrix contents show the number of objects. The more 

objects there are that show the similarity of classes in rows and columns, the 

higher the accuracy of classification results. Matrix errors produce a reading of 

overall accuracy. Overall accuracy is the percentage of the number of pixels re-

sulting from the correct SAM classification based on field data. In addition, ma-

trix errors also produce producer and user accuracy. Producer’s and user’s accu-

racies are ways of representing individual category accuracies. Producer’s accu-

racy is the number of errors of attribution. A commission error is defined as 

including an area in a category (one of the species) when it does not belong to 

that category (species). User accuracy is the number of errors of omission. An 

omission error is defined as excluding an area from the category (species) to 

which it belongs. Every error is an omission from correct category (species) and 

an attribution to a wrong category (species) (Congalton & Green, 2005). 

The confusion matrix method to found overall accuracy is only 52%. This means 

that only half of the classified mangrove area has the correct species based on 

the conditions in the field. The reason for lower accuracy is from the scatter of 

non-dominant species distribution. Scatter distribution leads to increased 
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Figure 2. (a) the spectral reflectance of mangrove species from in situ measurement, 

and (b) spectral plot for classification in SPOT 7 image from in situ measurement. 
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3.2 Mangrove Mapping 

The spectral library from in situ measurement became a reference for mangrove 

species mapping in SPOT 7. The results (Figure 3) show how A. marina domi-

nated in the northern area of up to 30 hectares directly adjacent to the sea (Table 

1). Avicennia has adaptation in high salinity with several adaptations, such as ex-

cluding the excess salt from metabolic mechanisms (Hogarth, 2017). The distri-

bution followed by Rhizophora with a total from three species is over 29 hec-

tares. The Xylocarpus granatum and Ceriop tagal dominated mangrove distribu-

tion on the mainland due to their adaptation to lower salinity. The study also 

detected a one-hectare presence of Sonneratia. 

 

 

Figure 3a. the mangrove species map using SAM algorithm in Mangkang Kulon and 

Mangunharjo Village. 
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Figure 3b. The mangrove species map using SAM algorithm in Tugurejo and Tam-

bakharjo Village. 

 

Previous research (Tri Martuti, 2014; Tri Martuti et al., 2019) on the composition 

of vegetation in Tapak village, Tugu district, showed that Tapak has 16 vegetation 

species, consist of 12 families with dominance of A. marina and R. mucronata. 

This coincides with the result of our study and the reason is that Tapak village 

was designated as an artificial ecosystem for mangroves. A. marina and R. mu-

cronata are the most widely grown crops in these kinds of ecosystems. 
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background noise from land-use around Bruguiera such as ponds and road. The 

decrease in the accuracy value can be seen in the following matrix containing 

information about producer accuracy and user accuracy for each species. Pro-

ducer accuracy shows how well each species in the field has been classified. If 

producer accuracy produces a value of 100%, no pixels from that class are en-

tered into other classes. Meanwhile, if user accuracy produces a value of 100%, 

the class does not misclassify by not taking pixels from other classes (Story & 

Congalton, 1986). In the matrix below, the highest user accuracy is in the classes 

R. mucronata, R. apiculata and A. marina. Conditions in the field also show that 

these three species dominate the mangrove area at the study site. Thus, the po-

tential for misclassification can also be avoided. 

However, the R. stylosa, X. granatum and Sonneratia species have low user ac-

curacy, even as much as 0%. This is because these three species do not dominate 

in the research location, their distribution is sporadic and therefore does not meet 

SPOT pixels with a size of 6x6 meters. The image used is SPOT with a spatial 

resolution of 6x6 meters. If an object has an area of less than 36 m2, it will pro-

duce mixed pixels meaning that the reflectance value of the pixel is not the value 

of a single object. In the field, the three non-dominant objects at the time of 

measurement have an area of less than 36m2, and the pixel value at the location 

is heavily influenced by the reflectance of other objects such as roads, ponds, and 

pond embankments. Conditions like this can lead to a considerable risk of mis-

classification (Choodarathnakara et al., 2012). 

The highest measure of user accuracy values was for the three species: R. mucro-

nata, R. apiculata and A. marina. In contrast, other species did not measure a 

large accuracy value and even reached 0%. This causes the overall accuracy value 

to be low, and the resulting value is 52%. However, research on classification 

using the spectral library with the SAM method often produces an accuracy value 

that is not very high. Similar studies such as by (Kamal et al., 2018) regarding the 

classification of mangrove species on Karimun Java Island resulted in an accuracy 

value of 62%. Research on the classification of seagrass habitats using the SAM 

method on Tunda Island resulted in an accuracy value as low as 35.6% (Aziizah 

et al., 2016). Factors that cause low accuracy include mixed pixels and ambiguous 

classification results as occurred for some of the data in our study. 
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  Classified Value 

  B.          
gymnorhiza 

C.  
tagal 

R.  
stylosa 

X.   
granatum 

R.        
mucronata 

R.  
apiculata 

A.  
marina 

Sonneratia 
User       

accuracy (%) 

T
he

m
at

ic
  

B. gymnorhiza 1 0 0 0 1 0 0 0 50 

C. tagal 0 1 0 0 1 0 0 0 50 

R. stylosa 0 0 0 0 0 0 2 0 0 

X. granatum 0 0 0 0 1 0 1 0 0 

R. mucronata 0 0 0 2 0 0 0 0 100 

R. apiculata 0 0 0 0 2 0 0 0 100 

A. marina 0 0 0 0 0 2 0 0 100 

Sonneratia 0 0 0 0 2 0 0 0 0 

 
Producer     
Accuracy (%) 

100 100 0 0 28.6 100 40 0 52 

 

Table 2. SAM classification results  

 

4. Conclusions 

Mangrove biodiversity mapping using the SAM method has been proven to show 

better results in Semarang coastal. Eight species dominated the study area. Field-

work measurement using spectrometer found mangrove species also have a red-

edge effect in near-infrared wavelength. Despite the opportunity to map man-

grove distribution, our research only has 52% accuracy. Moreover, our remote 

sensing analysis was carried out only once. Subsequent research will need to re-

peat this at least three times to assess data reproducibility and the consequent 

reliability of the analysis. 

In the future, there is a need for improvement in image processing to increase 

map accuracy. Methods of species identification using remote sensing still require 

considerable further development. This will necessarily require an improvement 

in the number of samples with different location variations so that the spectral 

library is richer, together with improvements to the algorithms used to better 

identify species. In terms of overall monitoring of biodiversity, SAM clearly has 

some current limits. Remote sensing analysis can only show how a certain distri-

bution of vegetation changes with time. Further development is necessary to sep-

arate different mangrove species. Such an improvement in remote sensing anal-

ysis techniques will enable it to play an increasingly important role in building 
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monitoring systems that are able to provide the consistent, reliable biodiversity 

data necessary for safeguarding ecosystems. 
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________________________________________________________ 

Abstract. Monitoring biodiversity is a key component of sustainability 

research related to safeguarding ecosystems. Although there still exist limits 

to its application, remote sensing has been used to map mangrove biodiversity 

and its distribution using spectral reflectance. This study considers the 

mangrove ecosystem in the Semarang coastal area using the Spectral Angle 

Mapper (SAM) method for biodiversity identification at species level. The 

Original Paper  

http://www.ojs.unito.it/index.php/visions


174 Sanjoto, Husna, and Sidiq 

 

 

Vis Sustain, 18, 173-190 http://dx.doi.org/10.13135/2384-8677/6238  

 

remote sensing data is SPOT 7 imagery, acquired on 24 December 2019. In 

situ spectral reflection measurements were performed using a USB4000 

spectrometer. The result from in situ measurement is referred to as the spectral 

library used for mangrove classification. Eight mangrove species were 

identified by the SAM method in this study, with a preponderance of the 

species Avicennia marina in the northern part of the study area, an open 

area that directly faces the sea, corresponding to the original habitat of 

Avicennia marina. The study shows that while the SAM method can be 

considered accurate for species with larger concentrations, the classification 

results demonstrate an overall moderate-low accuracy of 52% because some 

species classes have small patches that are intermingled with areas of different 

land-use. Further developments in remote sensing analysis techniques and 

more research will be necessary to endeavor to overcome these limits. 

_____________________________________________________________ 

1. Introduction 

Indonesia is an archipelago country with the second longest coastline, after 

Canada (Dahuri, 2007). The coast has diverse ecosystems, ranging from the 

marine ecosystem to the mangrove ecosystem. It is estimated that 18-23 percent 

of the world's mangrove ecosystem is in Indonesia, and 80 percent of the world's 

mangrove species (Fawzi, 2016; Rusila Noor, Y., M. Khazali, 1999). However, 

Indonesia's mangrove ecosystem has faced gradual loss due to aquaculture 

development, urbanization, and agriculture (Ilman et al., 2016). Indonesia's 

annual mangrove loss is only six percent of total forest loss, but the impact rises 

to 31% of carbon emissions in the land-use sector (Murdiyarso et al., 2015). 

There is a real risk that mangroves will become extinct and relatively soon 

become a part of history (Julkipli et al., 2018).  

The conservation of the mangrove ecosystem's high carbon stock is vital to help 

mitigate climate change in the land-use sector (Alongi, 2020). Mangroves 

constitute a vitally important ecosystem because they affect the wellbeing of 

many other ecosystems. Studying mangrove sustainability on the coast of 

Semarang, involves taking into consideration social and environmental issues, 

together with the roles of economic agents and policy makers (Dayan, 2020). 

Direct observation in the field allows us to observe several aspects of mangrove 
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sustainability at the research site. Mangroves are growing well where community 

participation can maintain and continue to expand the mangrove ecosystem.  

At the same time, many people depend on mangroves to meet their daily needs, 

but their long-term survival is in jeopardy because of tidal flooding, garbage, 

confusion over the ownership of mangrove land and various other coastal 

problems (Kesemat, 2021). The results of interviews with the community in 

Mangkang Kulon show that the problem of ownership of mangrove land is one 

of the crucial problems. An activist group reports that its endeavors to protect 

and promote mangrove ecosystems have been hampered by landowners’ desire 

to designate the land for other uses. Where the land currently used is not 100% 

owned by the community, there is always a risk of such groups being forced to 

move their mangrove land to another location. Certainly, the rehabilitation of 

mangrove land takes a very long time and increasing the area of mangrove land 

on the coast of Semarang City poses many challenges. Much more research is 

required into the sustainability of mangroves on the Semarang Coast and their 

relationship with other ecosystems.  

Supporting their conservation needs reliable mangrove condition data, including 

its species and distribution. The main problem is the data that had been provided 

by the government is not up to date and it is hard to identify mangrove change. 

Rahadian et al. (2019) have stated that mangrove biodiversity information is a 

national problem, given the importance of having accurate and consistent 

historical data. Such data is essential for developing policies in mangrove 

management. In recent years, remote sensing data has begun to successfully 

provide mangrove ecosystem information (Pham et al., 2019). In the past, 

available mangrove data has usually not given information concerning specific 

species, but this is fundamental for mangrove management (Atkinson et al., 2016; 

Chow, 2018). Moreover, indiscriminate land use change, not in accordance with 

a specific designation, has led to increasing degradation of the mangrove area and 

consequent loss of mangrove species. 

Accurate mangrove species mapping relies on the spectral characteristics of 

mangrove species in remote sensing images (Kamal et al., 2017, 2018). Every 

mangrove species has its signature of spectral reflection on a different 

wavelength. Hence, using the spectral library for mangrove species data in 

mangrove ecosystem mapping is efficient and cost-saving. In Indonesia, this 

method has not been widely used because it requires in situ measurement. A 

Spectral Angle Mapping (SAM) algorithm aims to become a reliable method for 

mangrove ecosystem mapping using spectral library data. In its application, the 

SAM algorithm has already proved successful as the most promising approach 
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for mangrove species mapping (Salghuna & Pillutla, 2017; Su et al., 2019). This 

research aims to map the mangrove ecosystem in Semarang coastal area using 

the SAM method for biodiversity identification. 

2. Materials and Methods 

2.1 Study Area  

The research was conducted in Semarang coastal region (6°59′35″ S 110°25′14″ 

E). Semarang city has an area of 373.8 km² with 1.5 million inhabitants. The 

rainfall 2,800 mm per year. This research was conducted in two-site, Mangkang 

Kulon and Mangunharjo Village and Tugurejo and Tambakharjo Village. The 

research was conducted in these four villages because they have different 

mangrove characteristics. Mangkang kulon and mangunharjo have mangrove 

conditions that are still well preserved, while the other two villages are starting to 

be degraded by other developed land and fishponds. The difference in these 

characteristics can be used as a comparison material in the classification process 

later. 

The data obtained covers an area of around 172.79 ha, most of which is located 

on the coastline of Mangunharjo Village with 69.47 ha and on the coastline of 

Tugurejo Village with 62.69 ha. Most of the mangroves in this location have a 

longitudinal distribution pattern on pond embankments and river borders. There 

are also some mangroves that have cluster patterns, such as in Mangunharjo 

Village and Tugurejo Village (Dukuh Tapak). 

Mangroves that are currently growing are the result of planting carried out by the 

community with edutourism programs, government agency programs (DLH and 

DKP Semarang City), universities through community service activities and 

companies through Corporate Social Responsibility (CSR) programs. Only a 

small part of the Semarang City area has mangroves that grow naturally, and the 

vast majority is the result of the rehabilitation process carried out by residents 

and related parties. The tables and figures present information related to 

mangroves on the west coast of Semarang City, both spatially and in terms of 

their appearance in the field. 
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Figure 1. The study location in the coastal area of Semarang City, Central Java.  

 

2.2 Data and Analysis  

The remote sensing data in this research is the SPOT 7 image acquired on 

December 24, 2019. SPOT 7 has four multispectral bands and one panchromatic 

with 6 meter and 1.5-meter spatial resolution respectively (Astrium Services, 

2013). The image was corrected geometrically and converted to top-of-

atmosphere value (W/cm2.sr.nm). The radiometric correction used the Fast 

Line-of-sight Atmospheric Analysis of Hypercubes (FLAASH) method.  

Fieldwork was conducted on August 14-15, 2020, between 09:00 and 11:00 a.m., 

to collect eight mangrove species' spectral data. The purposive random sampling 

method employed provided as many as 30 samples. The samples were taken 

according to the number of species contained in the study area. In this area there 

were 8 species of mangroves to be covered and data was collected for each 

species 3 to 4 times in different locations. The sampling location was based on 

the ease of accessibility to permit measurement using a spectrometer. In addition, 

samples were taken only on vegetation that gets optimal sunlight. Each 

measurement at the sample point recorded coordinates to facilitate identification 
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at the time of processing using SPOT imagery where there was sufficient space 

for cables connected to the spectrometer.  

The eight mangrove species were Avicennia marina, Rhizophora apiculata, R. 

mucronata, R. stylosa, Bruguiera Gymnorhiza, Ceriops Tagal, Sonneratia alba 

and Xylocarpus granatum. The measurement used a USB4000 spectrometer with 

sensor wavelength at 200 to 1100 nm. The wavelength of spectrometer calibrated 

with the wavelength on SPOT 7 image, with a range within 400 – 900 nm. Before 

using the spectrometer, it was calibrated with white and dark reference spectra 

to obtain reference spectrally. Spectral data from the spectrometer was calculated 

following this equation to obtain the spectral characteristic of each mangrove 

species (Optic, 2009). 

 

𝑅𝜆 =
𝑆𝜆 − 𝐷𝜆

𝑅𝑒𝑓𝜆 − 𝐷𝜆
× 100% 

 

The thirty samples were measured during two days of fieldwork. The data was 

converted into a spreadsheet for spectral library database input in mangrove 

classification using the SAM method. SAM is an algorithm based on the 

assumption that a pixel in the remote sensing imagery reflects an object on the 

earth’s surface (Rashmi et al., 2014). This algorithm uses a deterministic similarity 

measure to compare with an unknown pixel based on the spectral library (Bertels 

et al., 2002). A pixel’s spectral reflection can be described as a vector in a n-

dimensional space or feature space, n being the number of wavelengths. Each 

vector must have a certain length and direction (Kruse et al., 1993). Classification 

using the SAM algorithm is done by calculating the spectral angle between the 

spectral reflection of a pixel and the spectral library. Each pixel is grouped into a 

class based on the lowest value on its spectral angle. The smaller the angle 

formed, the more suitably it reflects the spectral library. The spectral reflection 

pattern that is furthest away from the maximum threshold of the specified angle 

is categorized as unclassified (Cho et al., 2012). The SAM method is a supervised 

classification because it uses the spectral library from in situ measurement for the 

training area. The following equation was used (Jensen J. R, 2005): 

 

𝛼 = 𝑐𝑜𝑠−1 [
∑ 𝑡𝑖𝑟𝑖
𝑛𝑏
𝑖=1

(∑ 𝑡𝑖2)𝑛𝑏
𝑖=1

1/2
(∑ 𝑟𝑖2)𝑛𝑏

𝑖=1

1/2
] 
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Where α is a spectral angle, nb is the satellite image band (four in SPOT 7), t is 

the spectral pixel, and r is the spectral library. The fieldwork data was also 

checked for accuracy measurement using the confusion matrix method, a specific 

table layout that allows visualization of the performance of an algorithm. 

3. Results and Discussion 

3.1 Mangrove Spectral Reflectance 

The results obtained show that spectral reflectance from field measurement has 

two peaks at the green and near-infrared wavelength. The vegetation has a sharp 

change in leaf reflectance from red to near-infrared, also known as a red-edge 

(Horler et al., 1983). In mangrove species, the red-edge information can improve 

species classification (Schuster et al., 2012). 

In Figure 2, the spectral reflection of each mangrove species shows the pattern 

of healthy vegetation. Healthy vegetation has absorbed the wavelength in blue 

(400-500 nm) and red (600-700 nm) and increase in green because of chlorophyll 

and red edge in near infrared (Kamal et al., 2018). 

The Bruguiera gymnorhiza species has the highest spectral reflectance among the 

mangrove species. A. marina has the lowest reflectance value in the visible 

wavelength and Sonneratia alba in the near-infrared wavelength. Even where 

mangrove species have the same pattern of reflectance, every species has a 

different signature wavelength. So, despite having the same pattern, each species 

will have a different spectral reflectance (Arfan et al., 2015; Indarto, 2012). The 

difference is caused by age, health condition, and tree physiology, such as canopy 

and leaf geometry (Blasco et al., 1998). 
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Figure 2. (a) the spectral reflectance of mangrove species from in situ measurement, 

and (b) spectral plot for classification in SPOT 7 image from in situ measurement. 
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3.2 Mangrove Mapping 

The spectral library from in situ measurement became a reference for mangrove 

species mapping in SPOT 7. The results (Figure 3) show how A. marina 

dominated in the northern area of up to 30 hectares directly adjacent to the sea 

(Table 1). Avicennia has adaptation in high salinity with several adaptations, such 

as excluding the excess salt from metabolic mechanisms (Hogarth, 2017). The 

distribution followed by Rhizophora with a total from three species is over 29 

hectares. The Xylocarpus granatum and Ceriop tagal dominated mangrove 

distribution on the mainland due to their adaptation to lower salinity. The study 

also detected a one-hectare presence of Sonneratia. 

 

 

Figure 3a. the mangrove species map using SAM algorithm in Mangkang Kulon and 

Mangunharjo Village. 
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Figure 3b. The mangrove species map using SAM algorithm in Tugurejo and 

Tambakharjo Village. 

 

Previous research (Tri Martuti, 2014; Tri Martuti et al., 2019) on the composition 

of vegetation in Tapak village, Tugu district, showed that Tapak has 16 vegetation 

species, consist of 12 families with dominance of A. marina and R. mucronata. 

This coincides with the result of our study and the reason is that Tapak village 

was designated as an artificial ecosystem for mangroves. A. marina and R. 

mucronata are the most widely grown crops in these kinds of ecosystems. 
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No Mangrove species Area(Ha) 

1 Sonneratia alba 0.86 

2 Rhizophora apiculata 5.05 

3 R. mucronata 7.20 

4 R. stylosa 15.56 

5 Xylocarpus granatum 20.02 

6 Ceriops tagal 27.42 

7 Avicennia marina 29.63 

8 Bruguiera gymnorhiza 29.87 

Table 1. The total area of mangrove species from SAM classification 

 

The classification results using the Sam method were tested for accuracy by 

comparing them with conditions in the field. The accuracy test was carried out 

using the confusion matrix or error matrix method. An error matrix is an 

arrangement of numbers arranged in rows and columns that is a representation 

of the number of sample units (such as pixels, pixel groups, or polygons), filled 

in according to categories, relative to actual categories (Congalton & Green, 

2005). Matrix errors contain classes of image classification results in their rows, 

and field checking classes in columns, while matrix contents show the number 

of objects. The more objects there are that show the similarity of classes in rows 

and columns, the higher the accuracy of classification results. Matrix errors 

produce a reading of overall accuracy. Overall accuracy is the percentage of the 

number of pixels resulting from the correct SAM classification based on field 

data. In addition, matrix errors also produce producer and user accuracy. 

Producer’s and user’s accuracies are ways of representing individual category 

accuracies. Producer’s accuracy is the number of errors of attribution. A 

commission error is defined as including an area in a category (one of the species) 

when it does not belong to that category (species). User accuracy is the number 

of errors of omission. An omission error is defined as excluding an area from the 

category (species) to which it belongs. Every error is an omission from correct 

category (species) and an attribution to a wrong category (species) (Congalton & 

Green, 2005). 

The confusion matrix method to found overall accuracy is only 52%. This means 

that only half of the classified mangrove area has the correct species based on 

the conditions in the field. The reason for lower accuracy is from the scatter of 
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non-dominant species distribution. Scatter distribution leads to increased 

background noise from land-use around Bruguiera such as ponds and road. The 

decrease in the accuracy value can be seen in the following matrix containing 

information about producer accuracy and user accuracy for each species. 

Producer accuracy shows how well each species in the field has been classified. 

If producer accuracy produces a value of 100%, no pixels from that class are 

entered into other classes. Meanwhile, if user accuracy produces a value of 100%, 

the class does not misclassify by not taking pixels from other classes (Story & 

Congalton, 1986). In the matrix below, the highest user accuracy is in the classes 

R. mucronata, R. apiculata and A. marina. Conditions in the field also show that 

these three species dominate the mangrove area at the study site. Thus, the 

potential for misclassification can also be avoided. 

However, the R. stylosa, X. granatum and Sonneratia species have low user 

accuracy, even as much as 0%. This is because these three species do not 

dominate in the research location, their distribution is sporadic and therefore 

does not meet SPOT pixels with a size of 6x6 meters. The image used is SPOT 

with a spatial resolution of 6x6 meters. If an object has an area of less than 36 

m2, it will produce mixed pixels meaning that the reflectance value of the pixel 

is not the value of a single object. In the field, the three non-dominant objects at 

the time of measurement have an area of less than 36m2, and the pixel value at 

the location is heavily influenced by the reflectance of other objects such as roads, 

ponds, and pond embankments. Conditions like this can lead to a considerable 

risk of misclassification (Choodarathnakara et al., 2012). 

The highest measure of user accuracy values was for the three species: R. 

mucronata, R. apiculata and A. marina. In contrast, other species did not measure 

a large accuracy value and even reached 0%. This causes the overall accuracy 

value to be low, and the resulting value is 52%. However, research on 

classification using the spectral library with the SAM method often produces an 

accuracy value that is not very high. Similar studies such as by (Kamal et al., 2018) 

regarding the classification of mangrove species on Karimun Java Island resulted 

in an accuracy value of 62%. Research on the classification of seagrass habitats 

using the SAM method on Tunda Island resulted in an accuracy value as low as 

35.6% (Aziizah et al., 2016). Factors that cause low accuracy include mixed pixels 

and ambiguous classification results as occurred for some of the data in our study. 
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  Classified Value 

  B.          
gymnorhiza 

C.  
tagal 

R.  
stylosa 

X.   
granatum 

R.        
mucronata 

R.  
apiculata 

A.  
marina 

Sonneratia 
User       

accuracy (%) 

T
he

m
at

ic
  

B. gymnorhiza 1 0 0 0 1 0 0 0 50 

C. tagal 0 1 0 0 1 0 0 0 50 

R. stylosa 0 0 0 0 0 0 2 0 0 

X. granatum 0 0 0 0 1 0 1 0 0 

R. mucronata 0 0 0 2 0 0 0 0 100 

R. apiculata 0 0 0 0 2 0 0 0 100 

A. marina 0 0 0 0 0 2 0 0 100 

Sonneratia 0 0 0 0 2 0 0 0 0 

 
Producer     
Accuracy (%) 

100 100 0 0 28.6 100 40 0 52 

 

Table 2. SAM classification results  

 

4. Conclusions 

Mangrove biodiversity mapping using the SAM method has been proven to show 

better results in Semarang coastal. Eight species dominated the study area. 

Fieldwork measurement using spectrometer found mangrove species also have a 

red-edge effect in near-infrared wavelength. Despite the opportunity to map 

mangrove distribution, our research only has 52% accuracy. Moreover, our 

remote sensing analysis was carried out only once. Subsequent research will need 

to repeat this at least three times to assess data reproducibility and the consequent 

reliability of the analysis. 

In the future, there is a need for improvement in image processing to increase 

map accuracy. Methods of species identification using remote sensing still require 

considerable further development. This will necessarily require an improvement 

in the number of samples with different location variations so that the spectral 

library is richer, together with improvements to the algorithms used to better 

identify species. In terms of overall monitoring of biodiversity, SAM clearly has 

some current limits. Remote sensing analysis can only show how a certain 

distribution of vegetation changes with time. Further development is necessary 

to separate different mangrove species. Such an improvement in remote sensing 

analysis techniques will enable it to play an increasingly important role in building 
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monitoring systems that are able to provide the consistent, reliable biodiversity 

data necessary for safeguarding ecosystems. 
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