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Abstract- Palm swamp forests are widespread in the 

Amazon basin. Their combination of permanently 

saturated soils, warm temperature year-round, and low 

oxygen soils can lead to a large carbon release. Given 

their widespread occurrence and expected sensitivity to 

climate change, it is crucial to develop methods to 

quantify their spatial extent and inundation state in order 

to assess their carbon dynamics. These ecosystems are 

remote and inaccessible but spaceborne microwave 

remote sensing can effectively characterize them because 

of its sensitivity to surface water and vegetation structure 

and inaccessible areas can be monitored regularly 

regardless of weather or day/night conditions.  

 

We developed a remote sensing methodology using 

microwave data to determine palm swamp distribution 

and inundation state over a sub-region in northern Peru. 

High-resolution (100m) SAR data and coarse resolution 

25km active/passive microwave data were used 

synergistically to characterize palm swamp extent, and 

flooding status. 
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1.  INTRODUCTION 

 

Palm swamp forests cover large regions of the Amazon 

Basin, estimated to be over 50,000 km2 (Eva et al., 

2002). These wetland ecosystems form where seasonal 

flooding is moderate but surface inundation remains 

constant. The combination of permanently saturated soils, 

warm temperature year-round, and low oxygen in palm 

swamp soils can lead to large amounts of carbon release 

to the atmosphere, particularly as methane, whose 

warming potential as a greenhouse gas is 23 times higher 

than that of CO2 (IPCC, 2001). Little is known however 

on the contribution of palm swamps to the overall carbon 

balance of the basin. In this context, the incomplete 

knowledge about the biogeochemistry of palm swamps 

has been addressed as one of the largest sources of 

uncertainty for understanding the global CH4 cycle 

(Wania et al., 2004). Current models have been unable to 

predict the high concentrations of measured atmospheric 

methane over some areas of tropical rainforests in the 

equatorial regions of South America and Africa 

(Bergamaschi et al., 2007; Frankenberg et al., 2005). 

Disagreements between measured and modeled data are 

particularly large in the Upper Amazon, which is, for 

modeling purposes, classified as a “terra firme pre-

humid rainforest” (Prigent et al., 2001a; Walter et al., 

2001). Terra firme forests are known to release no 

methane to the atmosphere. This mis-classification of 

vegetation functional type within the models, the 

uncertainties in the extent and distribution of the palm 

swamps, and the associated error in the model-based 

carbon flux estimates, completely neglect CH4 release of 

the palm swamps in this region and may be one of the 

important missing pieces of the tropical CH4 budget. If 

the palm swamps found in the upper Amazon constitute a 

significant methane source, and if this methane release 

persists most of the year, fostered by high ecosystem 

productivity, then appropriate information on the 

regional distribution and seasonal inundation state of 

these ecosystems will contribute key information for use 

in ecosystem process modeling to resolve the 

discrepancy between global methane models and 

atmospheric concentration measurements. Because of the 

widespread occurrence and expected sensitivity to 

climate change of these ecosystems, it is crucial to 

develop methods to quantify their spatial extent and 

inundation state. Precise information on the extent and 

characteristics of palm swamps is difficult to gather 

because of their remoteness and difficult accessibility. 

Remote sensing is a unique tool to study and monitor 

these ecosystems especially through the use of radar, 

which provides the capability of acquiring images 

regardless of day/night conditions or the presence of 

clouds, which are especially prevalent in tropical regions.  

 

We have developed a remote sensing methodology to 

characterize palm swamp distribution and inundation 

state over a focus area in the upper Amazon (Figure 1).  

Figure 1. The Loreto study site, in the upper Amazon of 

Northern Peru, is delineated on the ALOS/PALSAR 

multi-temporal image mosaics of the area. 

 

Current satellite microwave remote sensing capabilities 

allow for either mapping of wetlands at high spatial 

resolutions (~30-100 m scale) with synthetic aperture 

radar´s (SAR´s) having temporally sparse observations of 

4-6 weeks (e.g Whitcomb et al., 2009; Hess et al., 2003; 

Hess et al., 1990), or for relatively high temporal fidelity 



(daily observation with ~weekly –to -monthly 

composites) with coarse spatial resolutions (~25–50 km) 

(e.g Prigent et al., 2001b; Grippa et al., 2007; Mialon et 

al., 2005) with scatterometers or passive microwave 

sensors. In this study we used the capabilities of high 

resolution SARs and of coarse resolution active and 

passive spaceborne microwave remote sensing 

instruments to determine (1) palm swamp forest 

distribution and (2) flooding regime and inundation 

dynamics. These factors are critical in determining 

methane exchange rates for these ecosystems. 

 

We have developed and tested our remote sensing 

classification algorithms over a focus area in the upper 

Amazon (Figure 1) where ground data is under way and 

a baseline classification map is available. 

 

2. SITE AND DATA COLLECTION 

 

Our study site is located in the upper Amazon in 

Northern Peru, near Loreto (Figure 1). The inundated 

areas in the study site contain a mix of grasslands, trees 

and palm swamps. Terra firme forests are found in dry 

areas and successional regrowth areas (cecropia) are 

found in dry patches near rivers and having large 

disturbances. A Landsat based classification map derived 

by the Peruvian geographers was used as a guide to 

validate our results. 

 

The combination of SAR, scatterometer, and passive 

microwave data was acquired as part of our involvement 

in assembling a global scale Earth System Data Record 

(ESDR) of inundated wetlands under a NASA 

MEaSUREs project (PI-McDonald). Under MEaSUREs, 

data from both high and low spatial resolution 

microwave sensors is being assembled over critical 

wetland regions, including the Amazon Basin. The high 

spatial resolution data is comprised of L-band SAR from 

ALOS PALSAR (available as of 2006 and launched by 

the Japanese Space Agency-JAXA), which include 

yearly full continental-scale coverage for dual 

polarization (HH and HV) fine beam and multiple 

acquisitions of HH-pol ScanSAR at 17-46-day repeat 

cycles for at least one year, both products at 50 meter 

spatial resolution. Also under MEaSURE's and other 

NASA related activities, we have acquired global coarse 

resolution (~25 km) datasets from QuikSCAT 

scatterometer and AMSR-E passive microwave data 

covering time periods contemporaneous with PALSAR 

over the Amazon Basin.  

 

3. METHODOLOGY 
 

Through an unsupervised approach we developed a 

wetland distribution map at high spatial resolution 

(approx. 90 meters) using a combination of L-band SAR 

data from ALOS PALSAR, complemented with a digital 

elevation model (DEM) from the Shuttle Radar 

Topography Mission (SRTM). The unsupervised 

classifier consisted of K-means classifier.  

 

Landscape inundation fraction at the 25 km scale was 

generated through a mixing model (based on end 

members) from passive and active microwave satellite 

data from AMSR-E (18.7 GHz channel) and QuikSCAT 

(13.4 GHz channel) that provide daily coverage of the 

study region (Schroeder et al., 2010).  

 

4. RESULTS AND DISCUSSION 
 

ALOS PALSAR multi-temporal Scansar images were 

acquired (HH polarization only) for our site of interest in 

the Loreto area (Table 1). The images were received 

terrain corrected and geocoded to a 90-meter resolution, 

matching the SRTM digital elevation model (DEM). The 

Scansar images have a temporal distribution that capture 

the flood pulse, with a maximum flood extent in March-

April and a minimum extent in September. 

 

Table 1: ALOS/PALSAR images covering the Loreto 

study area 

 

The classifier was an unsupervised K-means approach in 

order to identify homogeneous areas and correlate classes 

with the baseline Landsat derived classification map on 

hand. A series of ancillary datasets were input into the 

classifier: 1) a SRTM DEM, (3-arcsecond- Figure 2), 2) 

temporal mean of all PALSAR images (average signal-

Figure 2) 3) temporal variation of all PALSAR images 

(standard deviation), 4) Lee filtered images (each image 

was applied the Lee filter), and 5) textures (variance, 

skewness, and entropy) for each image using 5x5, 7x7, 

and 11x11 window sizes.  

Figure 2: Left-HH Scansar, average of 9 dates covering 

2007 and 2009. Right- 90m SRTM DEM of the area. 

 

The following two classifications were initially 

performed: 1) the entire multi-temporal PALSAR stack 

to obtain temporal inundation dynamics and 2) each 

PALSAR image to characterize each acquisition date, see 

Figure 3. Eight classes and ten iterations were found 

optimal to identify palm swamp forest patches and 

discern flooded vegetation from terra firme forests.  

 

The main challenge in the classification effort was to 

separate inundated vegetation from palm swamp forests. 

The time frame of the Landsat image used to generate the  



Figure 3: Unsupervised K-means classification approach. 

 

wetland classification map was unknown. Some land 

cover patterns varied significantly between the Landsat 

classification and the radar classification. In addition, 

visual inspection of the Landsat classification suggested 

that there was significant variation in the “mixed palm 

swamp forest” class, possibly due to grasses and different 

degree of sediment exposure. The variation in inundation 

pattern further complicated this pattern. 

 

Signatures for flooded vegetation (FV), open water (OW), 

and dry (DRY) areas were obtained for our study site. 

The signatures were obtained after masking out areas 

having a slope greater than 3 degrees and an elevation 

greater than 300 meters. Figure 4 shows and example of 

the signature extraction for a single date. 

Figure 4: Signatures for flooded vegetation (FV), open 

water (OW), and dry (DRY) areas in Loreto, Peru for 

date March 16, 2007. 

  

The signatures for flooded vegetation, open water, and 

dry areas were consistent among seasons and acquisition 

dates. Terra firme was differentiated from flooded forests 

and the K-means classification approach was useful for 

inferring signatures in the absence of ground reference 

data. Dense palm swamps patches were more accurately 

identified than sparse patches. The latter were more often 

classified as flooded forest or flooded grass. Figure 5 

shows the resulting classification distinguishing palm 

swamp forests from open water and dry land. 

 

Landscape inundation fraction, derived at 25 km 

resolution from AMSR-E and QuikScat over the area of 

interest (Figure 6) were harmonized with the high 

resolution SAR derived products. Results show high 

correlation in areas of open water and to a lesser degree 

over areas of  high biomass flooded forests.  

 

 

 

 

 

 

 

 

 

 

Figure 5: Classification results of the Loreto floodplain. 

Green = palm swamps, blue = open water, brown = other 

classes. 20300 km2 are predicted to be covered by palm 

swamps 

Figure 6: Combined QuikSCAT and AMSR-E 

microwave data to generate landscape inundation 

fraction (shown at percent inundated areas of 25km grid 

cells) comparing the upper Amazon Basin in northern 

Peru for 4 different months over 2006 and 2007. 

 

5. CONCLUSION 

 

Classification results show that improvements still need 

to be performed in terms of excluding shadows and 

avoiding misclassification in areas of steep terrain and in 

obtaining better separability between dense and sparse 

palm swamp forest patches. The next step is running a 

supervised decision tree classification approach based on 

the classes identified through the unsupervised approach. 
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