Impact of tidal height on characteristics of ALOS PALSAR
measurements to estimate above ground biomass
of mangrove forest in Indonesia
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ABSTRACT: Mangrove has the most carbon rich forests in the tropics. Mapping and monitoring biomass of
mangrove forest is very important to manage ecosystem and field survey of mangrove biomass and productivity is
very difficult due to muddy soil condition, heavy weight of the wood, very large area and tidal effect on mangrove
area. Advanced Land Observing Satellite (ALOS) Phased Array L-band Synthetic Aperture Radar (PALSAR) is
available for identification and monitoring mangrove forest. The objective of this research is to investigate the
impact of tidal height on characteristics of HH and HV derived from ALOS PALSAR for estimation above ground
biomass of mangrove forest. Methodology consists of collecting of tidal height data in the study area, ALOS-
PALSAR time series data, region of interest (ROI) on mangrove forest, characterization of HH and HV and impact
analysis of tidal height on HH and HV. The result of this research has showed the impact of tidal height on
characteristics HH and HV on mangrove forest types derived from ALOS-PALSAR and proposed the model for
estimation aboveground biomass of mangrove forest.

1. INTRODUCTION

1.1 Background

Mangrove forests occur along ocean coastlines throughout the tropics, and providing important products and
services. They also provide among the most in tense coastal carbon sinks in the world and play a growing and
central role in the global carbon cycle (Nellemann et al., 2009). According Daniel et al. (2011) found that
mangroves have a total carbon storage that is on average, five times larger than those typically observed in
temperate, boreal and tropical terrestrial forests, on a perunit area basis. This suggests that mangroves play an
important role in global climate change management. In order to gain and build a solid understanding of the global
carbon budget and ultimately the effects of diminishing mangrove forests on climate change, it is crucial to obtain
an assessment and quantification of the spatial distribution of mangrove forest biomass. Indonesia has mangrove
area the largest in the world, larges area around 3.5 million ha or around 17% - 23% from large mangrove in the
world (Rusila et al., 2009). In recent years global mangrove loss of more than 50%. Mapping and monitoring
biomass of mangrove forest is very important but field survey of mangrove biomass and productivity in overall
Indonesia is very difficult due to muddy soil condition, heavy weight of the wood (Takeuchi et al., 2011), large area
and tidal influences.

Remote sensing has been widely proven to be essential in monitoring and mapping highly threatened mangrove
ecosystems. Many research studies on this subject have been carried out around the globe. Tropical and subtropical
coastal mangroves are among the most threatened and vulnerable ecosystems worldwide. According to Lucas et al.
(2007) the launch of the Japanese Space Exploration Agency’s (JAXA) Advanced Land Observing Satellite
(ALOS) Phased Arrayed L-band SAR (PALSAR) in 2006 therefore represented a milestone in the global
observation, characterization, mapping and monitoring or mangroves largely, because these provide more
information on the three dimensional structure and biomass of woody vegetation and the presence and extent of
(primarily tidal) inundation. As data can be day or night regardless of weather conditions, mangroves can be
observed more frequently, even in regions with prevalent cloud cover. The backscattering coefficient depends upon
the interactions of microwaves of varying configurations with component of the mangrove (e.g. leaves, branches
and trunks) of varying size, dimension, density, orientation and dielectrics constants (moisture contents) (Lucas et
al., 2007). The longer L-band microwaves have a greater likelihood of penetrating the foliage and small branches of
the upper canopies of the forest and interacting with woody trunk and larger branch components as well as the
underlying surface (Tsomon et al., 2002; Lucas et al.,2004). Because of mangrove occupy zones of transition
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between terrestrial and marine ecosystem that occurs in tidal forest and L-band can penetrate until underlying
surface, how the impact of tidal height on characteristics of ALOS PALSAR measurement. The objective of this
research is to investigate impact of tidal height on characteristics of HH and HV derived from ALOS PALSAR
measurements for estimation aboveground biomass of mangrove forest.

1.2 Site description

Indonesia also called "Nusantara™ is a country in Southeast Asia that is located on 6°N — 11°S and 95°E - 141 °E,
between the Asian and Australian continents and between the Pacific and Indian Oceans. Indonesia with 17,508
islands is the largest archipelagic country in the world. Indonesia have large area around 1.904.569 km? which
population around 237,6 million people in 2012, total province is 33 provinces. (www.indonesia.go.id). Generally
mangrove can be found throughout in the Indonesian archipelago. Largest mangrove is found in Papua around 1.3
million ha (38%), Kalimantan around 978 thousand ha (28%) and Sumatera 673 thousand ha (19%) (Rusila et al.,
1999). For this study, study area is in Banyuasin, South Sumatera (104.464 E, -1.897 N), Cilacap Central Java
(108.832 E, -7.679 N) and Teluk Bintuni Papua (133.470 E, -2.525 N). Their location is representative of all
mangrove forest in Indonesia. Distribution of study area is shown on figure 1.
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Figure 1. Study area in 1. Banyuasin, South Sumatera,
2. Cilacap, Central Java and 3. Teluk Bintuni, Papua.

2. METHODOLOGY

For this study, methodology consists of collecting ALOS-PALSAR, Shuttle Radar Topographic Mapping (SRTM)
and tidal height, preprocessing focus on converting Digital Number to Normalize Radar Cross Sections (NRCS)
and filtering, profiling and statistics, and calculating of above ground biomass estimation. The Methodology will
follow on the figure 2.
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Figure 2. Methodology.
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2.1 Data used in this study

We have collected primary data of dual polarization ALOS PALSAR L-band HH and HV which spatial resolution
12.5 m. Product ID H1.5GUA which radiometric and geometric corrections are performed according to the map
projection, pixel spacing can be selected for the fine mode and latitudes and longitudes in the product are calculated
without considering the altitude. All data were acquired in fine beam dual mode at a viewing angle of 34.3 and
delivered in single-look complex (SLC) as the normalized backscattering coefficient in slant-range geometry by
JAXA. For secondary data we also collected SRTM30 plus and tidal height on the study area. ALOS PALSAR data
that collected in this study is described on table 1 :

Table 1. ALOS PALSAR data is used on study.

Scene ID Polarizations Acquisition date Location
on scene center
ALPSRP122177140 | HHand HV | 10052008 - 15:48:07.749 Banyuasin
ALPSRP128887140 | HHand HV | 25062008 - 15:47:35.329 | South Sumatera
ALPSRP142307140 | HHand HV | 25092008 - 15:48:54.632
ALPSRP129167130 | HHand HV | 25092008 - 15:48:54.632 Teluk Bintuni
ALPSRP142587130 HH and HV 27062008 - 13:51:32.107 Papua
ALPSRP120717030 | HHand HV | 30042008 - 15:33:49.697 Cilacap
ALPSRP121953770 | HHand HV | 09052008 - 02:50:03.551 West Java
ALPSRP127427030 | HHand HV | 15062008 - 15:33:31.460

2.2 Preprocessing and biomass estimation model

Preprocessing focus on converting Digital Number (DN) into Normalize Radar Cross Sections (NRCS) and filtering.
Converting of HH (DNpy) and HV (DNyy) backscatter intensities into NRCS (i.e., 6°yy and 6°4y ) based on
Shimada et al. (2009) and for reducing speckle noisy used frost filtering with windows size 6x6. Converting DN
into NRCS by the following equations :

6% = 10 10g10(DN? ) - 83 (1)
6°nv =10 |0910(DN2Hv) - 83 (2

We have collected Region of Interest (ROI) of mangrove forest based on land cover map from Indonesian Ministry
of Forestry and Indonesian base map from Badan Informasi Geospasial (BIG). ROI have the shape as line profiling
with long around 150 to 250 pixel. We have collected five ROl of mangrove forest from ALOS PALSAR and
SRTM data for each study area and then calculate mean and standard deviation. Finally we have calculated above
ground biomass following equations (Takeuchi et al., 2011) :

HH (0°) = 3.6 In(tree height) — 23.7 3)
HV (6°) = 4.4 In(tree height) — 24.9 4
tree height = 2.8In(DBH) + 23.7 5)
AGB = 0.25 DBH24 (6)

3. RESULTS AND DISCUSSION

3.1 Tidal height and topography analysis

We have collected tidal height on the study area from http://www.ioc-sealevelmonitoring.org to know tidal height
at the time ALOS PALSAR measurements. For example tidal height information derived from http://www.ioc-
sealevelmonitoring.org is shown on figure 2. According to figure 2, ALOS PALSAR measurement at 30-04-2008
15:33:49.697 have tidal height around -0.4 meter, at 09-05-2008 02:50:03.551 have tidal height around 1.0 meter
and 15-06-2008 15:33:31.460 have tidal height around -0.2 meter. According to figure 2 also variances of tidal
height between -1.0 to 1.0 meter. Variances of tidal height will cause variances of flooding area at mangrove zone.
Large area of flooding at mangrove zone determined also by level of topography in study area. Level of topography
at study area is shown on figure 3.

Level of topography in study area derived from SRTM 30 plus, actually SRTM have accuracy around 5 t0o10 meters
(Rodriguez et al., 2005). In this case we don’t have topography data with more accuracy such as derived from
survey terrestrial, photogrammetry or LIDAR but level of topography derived from SRTM 30 plus can describe
global of level topography at study area.
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Figure 2. Tidal height at the time ALOS PALSAR measurements in Cilacap area
(source : http://www.ioc-sealevelmonitoring.org).

Height (m)

Area( %)

2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Helght (m)

Area( %)

12

20 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 22
Helght (m)

@

(b)

(©)

Figure 3. Level of topography at study area, (a) Cilacap, West Java,
(b) Banyuasin, South Sumatera and (c) Teluk Bintuni Papua.

According to figure 3, shown level of topography at Cilacap around 2 to 4 meter that large area around 90 % from
total area. It is different if compared with Banyuasin and Teluk Bintuni that have level topography more than 4
meter. It means Cilacap area has relatively flat topography that can be influenced by tidal height at all mangrove
area. Effect of tidal height is based on the level of topography at Cilacap area shown on figure 4.
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Figure 4. lllustration of flooding at mangrove area from ALOS PALSAR composite and cyan colors is water,
(a) tidal height on -0.4 meter (b) tidal height on -0.2 and (c) tidal height on 1.0 meter.
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According to figure 4, describe at mangrove area with impact of tidal height on -0.4 meter (a), impact of tidal
height on -0.2 meter (b) and impact of tidal height on 1 meter (c). If tidal height around 1 meter then will get more
large of flooding area than tidal height only -0.4 and -0.2 meter. It means higher tide will get larger of flooding area
in mangrove zone.

3.2 Impact of tidal height on characteristics of backscatter

Higher tide will get larger of flooding area at mangrove zone. That condition will influence backscatter value on
ALOS PALSAR measurements. We have created ROI for each study area and the backscatter value on ALOS
PALSAR measurement is shown on figure 5.
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Figure 5. Impact of tidal height on characteristics of backscatter value from ALOS PALSAR measurements
(a) Cilacap, West Java, (b) Banyuasin, South Sumatera and (c) Teluk Bintuni Papua.

According to figure 5, on the water area backscatter value derived from ALOS PALSAR measurement produces
relatively the same value. On the boundary area between water and mangrove forest, if lower tide then the boundary
area have majority of mangrove and backscatter value around -23 dB until -10 dB but if higher tide the boundary
area have majority of water and backscatter value around < -23 dB. This area is found to be strongly affected by



tidal height. Their area has level topography -1 to 1 meter, it is the same with majority of tidal height value around -
1 to 1 meter. In Cilacap, mangrove forest has relatively flat topography which majority have level of topography 2
to 4 meter. Therefore tidal height not only influences on area which level of topography around -1 to 1 meter, but
also on level topography 1 to 4 meter although not strongly affected by tidal height. This condition can be shown on
figure 5 (a), where red lines which higher tide have lower backscatter value. On this area, the deviation value from
ALOS PALSAR measurement with tidal high on -0.4 meters and 1.0 meter is around 1.6 dB. On Banyuasin and
Teluk Bintuni area, only 1-4 % which has level of topography on 1 to 4 meters so impact of tidal height only
influence on the small area.

3.3 Above ground biomass estimation

We have got impact of tidal height in the study area. In Cilacap because of mangrove forest has flat topography and
all area got impact of tidal height so have deviation of HV value around 1.6 dB. It is different with Banyuasin and
Teluk Bintuni, their area got impact of tidal height only 4 % from total area. We have calculated above ground
biomass estimation using algorithm (4,5,6). In Cilacap have average of HV value on -16.12 dB with deviation value
1.6 dB and estimation of above ground biomass around 1.71 — 19.36 ton/ha. In Banyuasin have average of HV
value on -14.23 dB and estimation of above ground biomass around 26.67 ton/ha. In Teluk Bintuni have average of
HV value on -14.35 dB and estimation of above ground biomass around 23.31 ton/ha. Their value still reasonable if
compared with average of above ground biomass in Aceh around 11.68 ton/ha, South Sumatera 43.72 ton/ha and
Riau 33.40 ton/ha (Yuwono et al., 2013) and compare with above ground biomass in Malaysia around 2.98 — 378
ton/ha with average 99.40 ton/ha (Hamdan et al., 2014). For further work to make sure above ground biomass
estimation on study area we will conduct and compare with field survey data.

4. CONCLUSION

We have showed impact of tidal height on characteristics of HH and HV derived from ALOS PALSAR for
estimating aboveground biomass of mangrove forest. Tidal height has affected characteristics of ALOS PALSAR
measurements. Besides impact of tidal height, backscattering value is determined also by topography on mangrove
area. The deviation of backscattering value that is caused by impact of tidal height can be used to improve
estimation of mangrove biomass. For future works we will conduct and compare with field survey data to create
algorithm model for estimation of above ground biomass mangrove forest.
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