
(Figure 4, 5, & 6). The results of our study can be used to better understand the role of mangrove forests 
in saving lives and property from natural disasters, and to identify possible areas for conservation, 
restoration, and rehabilitation (Figure 6).

Monitoring Mangrove Forest Dynamics of the Sunderbans in Bangladesh and India using 
Multitemporal Satellite Data from 1973 to 2000 (Giri and others, 2007)

Our spatio-temporal analysis shows that  despite having the highest population density in the world in its 
periphery, areal extent of the mangrove forest of the Sunderbans has not changed significantly in the last 
~25 years (Figure 7). However, the forest is constantly changing due to erosion, aggradation, deforestatoin 
and mangrove rehabilitation programs (Figure 8). The net forest area was increased by 1.4% from the 
1970s to 1990 and was decreased by 2.5% from 1990 to 2000. This is an excellent example of the co-
existence of humans with terrestrial and aquatic plant and animal life.
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Background
Mangroves forests are distributed circum-tropically in the inter-tidal region between sea and land in 
the tropical and sub-tropical regions (approximately between ±300 latitude) of the world (Figure 1). The 
current estimate of mangrove forests of the world ranges from 110,000 to 240,000 km2, and much of what 
remains is in degraded condition (UNEP, 2004). About 35% of mangroves have been lost over the last 
two decades alone (MA, 2005), and the forests have been declining at a faster rate than inland tropical 
forests and coral reefs (Aizpuru, 2000). Predictions suggest that 30-40% of coastal wetlands (IPCC, 2007) 
and 100% of mangrove forests (Duke et al. 2007) could be lost in the next 100 years if the present rate of 
loss continues. Earlier global land cover initiatives failed to map mangrove areas with sufficient details 
because coarse spatial resolution satellite data was used (Giri et al. 2007).

Research Objectives
Our research is organized around three scientific research questions:

1. How can we use historical and current satellite data, state-of-the-art image processing, 
 and geospatial modeling tools and methods to better characterize mangrove forest attributes 
 and dynamics?
2. What is the present status of mangrove forests of the world and how have the extent and 
 characteristics of mangrove forests changed in the last 15 years?
3. What are the causes and environmental and socioeconomic consequences of 
 mangrove deforestation?

Methods
We interpreted time-series Global Land Survey (GLS) 
Landsat data using a hybrid supervised and unsupervised 
classification approach. Landsat data were geometrically 
corrected to an accuracy of plus-or-minus one-half pixel, an 
accuracy necessary for change analysis. Each image was 
normalized for solar irradiance by converting digital number 
values to the top-of-the atmosphere reflectance. We used a 
post-classification change detection approach. Results were 
validated with the help of local experts and/or high resolution 
satellite data such as QuickBird and IKONOS. Detailed 
classification approach is shown in Figure 2.

Results and Conclusions
We present results obtained from the tsunami-impacted regions of Asia, Sunderbans, and Madagascar.

Mangrove Forest Distributions and Dynamics (1975–2005) in the Tsunami-Impacted Regions 
of Asia (Giri and others, 2008)

Our results in the tsunami-impacted regions of Asia suggested that the region lost 12% mangrove forests 
from 1975 to 2005, to a present extent of ~1,670,000 ha (Figure 3). Deforestation rates and causes varied 
both spatially and temporally. The annual rate of deforestation was highest in Myanmar (~1%) and lowest 
in Sri Lanka (0.1%). In contrast, mangrove forests in India and Bangladesh remained unchanged or gained 
slightly. In terms of temporal variation, net deforestation peaked at 137,000 ha during 1990-2000, increasing 
from 97,000 ha during 1975-1990, and declining to 14,000 ha during 2000-2005. The major causes of 
deforestation were agricultural expansion (81%), aquaculture (12%), and urban development (2%)

Mangrove Forest Distributions and Dynamics in Madagascar (1975–2005) (Giri and 
Muhlhausen, 2008)

Mangrove forests of Madagascar are declining, albeit at a much slower rate than the global average. 
Our results showed that Madagascar lost 7% of mangrove forests from 1975 to 2005 (Figure 9), to a 
present extent of ~2,797 km2. Deforestation rates and causes varied both spatially and temporally. The 
forests increased by 5.6% (212 km2) from 1975 to 1990, decreased by 14.3% (455 km2) from 1990 to 2000, 
and decreased by 2.6% (73 km2) from 2000 to 2005. Similarly, major changes occurred in Bombekota 
Bay, Mahajamba Bay, the coast of Ambanja, the Tsiribihina River, and Cap St Vincent. The main 
factors responsible for mangrove deforestation include conversion to agriculture (35%), logging (16%), 
conversion to aquaculture (3%), and urban development (1%). We also compared our results with 
earlier estimates (Figure 10).

Outreach
Outreach activities were performed to promote research results form this study (Figures. 11–13).
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Figure 1. Approximate location of mangrove forests of the world (mangrove areas in green).

Figure 3. Mangrove forest distribution map 
of the tsunami-impacted regions of Asia 
for the year 2005.

Figure 5. Major causes of mangrove 
deforestation in the tsunami-impacted 
regions of Asia.

Figure 6. Growth of shrimp ponds in and around mangrove forests in 
southern Thailand from 1990 to 2000.

Figure 7. Mangrove forest cover distribution map of the 
Sunderbans in the 1970s (a), 1990s (b), and 2000s (c); and 
a change map from the 1970s–2000s (d).

Figure 8. Mangrove forest cover changes caused by 
erosion (top) and aggradation (bottom) in the Sunderbans.

Figure 2. An overview of the proposed 
methodology (main outputs are highlighted 
in red).

Distribution and Dynamics of Mangrove Forests of the World (1990–2005)

Figure 9. Mangrove forest cover change 
map of Madagascar (1975-2005).

Figure 10. Comparison of aerial estimates 
of Madagascar obtained from this study 
and published statistics.

Figure 11. Data and results from our 
study appeared in “Image of the day” 
in Earth Observatory (http://www.
redorbit.com/images/images-of-the-
day/img/13152/matang_mangrove_
forest/index.html).

Figure 12. Research highlighted in 
the “Bio Bulletin” of the American 
Museum of Natural History and 
22 affiliate museums in the United 
States (http://www.amnh.org/
sciencebulletins/).

Figure 13. Our work appeared in 
an article entitled “Forests of the 
Tide” in the February 2007 issue of 
National Geographic (http://ngm.
nationalgeographic.com/2007/02/
mangroves/warne-text).

Figure 4. Mangrove forest deforestation 
from 1975-1990, 1999-2000, and 2000-2005.
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