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[bookmark: _Toc334198720]II. Introduction
Indonesia experiences extensive deforestation due to different land conversion activities such as agricultural expansion, establishment of palm and pulp plantations, and peatland alteration, mostly as a result of fires (Tansey et al., 2008; Carlson et al., 2012; McDonald Pittman et al., 2013; Spessa, et al., 2015). Between 1989-2008, fire was the dominant cause of deforestation, accounting for 93% of forest loss, as well as 69% of total carbon emissions in Indonesia (Carlson et al., 2012). Further, the El Niño Southern Oscillation (ENSO) is positively associated with the warm phase of ENSO, with a greater number of fires observed during El Niño years (e.g.1982-83, 1997-1998, 2002, 2004, 2006, and 2009) [Hayasaka et al., 2014; Spessa et al., 2015]. Fires adversely affect air quality, human health, biodiversity, and productivity [McDonald Pittman et al., 2013; Hayasaka et al., 2014; Spessa et al., 2015], and the impact has become so severe that in September of 2014, Indonesia finally ratified a regional agreement signed in 2002, which decided to concentrate efforts to reduce pollution from forest fires [Minnemeyer, S., 2014]. 

The use of remotely sensed data to asses deforestation and carbon emissions over Indonesia is crucial in the monitoring of fires, as ground-based methods are not viable for exhaustive information on fire activity, on a geographically and temporally relevant scale [Hyer et al., 2012]. Fires are currently mapped using data from the Moderate Resolution Imaging Spectroradiometer (MODIS), but its 500 meter (m) spatial resolution is not ideal for the accurate mapping of fires in Indonesia and elsewhere. Thus, researchers have sought to map fire scars at higher spatial resolution, such as using Landsat data with its 30 m resolution (e.g. Garcia-Haro et al., 2001; Bastarrika et al., 2011; Koutsias et al., 2013). This study presents a new methodology for effectively identifying and mapping burn scars using scenes from Landsat 5 Thematic Mapper (TM) and Landsat 7 Enhanced Thematic Mapper Plus (ETM+). Landsat TM and ETM+ scenes were used to test a technique of transforming Red Green Blue (RGB) false color composites to Hue Saturation Value (HSV) in order to determine whether it was an effective procedure for identifying burn scars. 

The advantage of using this color transformation technique is that by converting the normal RGB color space into an HSV space, we wereare able to isolate the hue from the saturation and the value. This in turn, when applied to a false color composite consisting of shortwave infrared, near infrared, and red wavelengths allows for a superior discrimination between vegetation, soil, and water [Pekel et al., 2011]. This enhanced classification between the various land covers aids in the identification of burn scars at high spatial resolution. 

The Kalimantan region of Indonesia on the island of Borneo experiences a large number of fires from land use activities, particularly the clearing of land for palm oil plantations [Tansey et al., 2008; Carlson et al., 2012; McDonald Pittman, 2013; Spessa et al., 2015]. Specifically, this study focused on the province of Central Kalimantan in Indonesia (see Figure 1). Landsat TM and ETM+ images and MODIS Active Fire product were acquired for the months of June through November in 2006.	Comment by Amberle Keith: This would probably be better suited for the methodology section under data acquisition.
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Figure1. The project’s study region is Central Kalimantan, Indonesia, located on the island of Borneo.

The Bogor Agricultural University (IPB), the Ministry of Forestry in Indonesia and the Center for International Forestry Research (CIFOR) currently use the Fire Early Warning System developed by the International Research Institute for Climate and Society (IRI) to monitor and forecast risks of active fires based on climate information. Climate information is based on precipitation anomalies derived from NOAA’s Climate Prediction Center (CPC) Morphing Technique (CMORPH) data, active fires are monitored using MODIS hotspots (at moderate spatial resolution), fire vulnerability is derived from a Landsat land cover map created by IRI and IPB, vegetation status is monitored using MODIS and fire risk is created by combining a fire vulnerability map with precipitation anomalies. In order to analyze the impact of fires on deforestation and CO2 emissions, it is now required to monitor burn scars in the country. This work falls under the NASA national application area of disasters.
[bookmark: _Toc334198726]III. Methodology
Data Acquisition and Preprocessing
200 Landsat TM and ETM+ scenes were downloaded from United States Geological Survey’s (USGS) Earth ExplorerEarth Explorer website over Central Kalimantan for 12 different path/row combinations (Figure 2). Level 1 products were downloaded, however, bands 5, 4, and 3 pertaining to the shortwave infrared (1.55-1.75 micrometers (µm)), near infrared (0.77-0.90 µm), and red (0.63-0.69 µm) wavelengths, respectively, were used for this study. These bands have a spatial resolution of 30 m, with an approximate scene size of 170 kilometers (km) from north to south by 183 km from east to west [USGS, 2015].	Comment by Amberle Keith: Wow! That’s a lot of data!

In order to cross reference burn scars to active fire data, the MODIS Active Fire Product was used over the southern part of Central Kalimantan. MODIS employs sensors aboard the Aqua and Terra satellites, and can make four fire observations daily at 10:30 and 22:30 (Terra) and 13:30 and 01:30 (Aqua). Specifically, the fire product uses the 1 km fire channels at 3.9 µm and 11 µm, and uses a contextual algorithm to detect fires utilizing the middle infrared radiation from fires, where it exhibits strong emission [Justice et al., 2006]. The MODIS Active Fire Product was obtained via the Land Processes Distributed Active Archive Center using the EOS Data GatewayEOS Data Gateway web interface and downloaded for the period of June through November 2006.

False color images using the 5, 4, and 3 bands were created using ENVI and subsequently the null values were removed from each scene. The false color images were then transformed from RGB color values to HSV using the RGB to HSV transformation technique within ENVI. After the color transformation was completed, the Hue values for each scene was isolated and exported in geotiff format for use within ArcMap.	Comment by Amberle Keith: From Landsat or MODIS?
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Figure 2. Landsat path (e.g. 117) and row (e.g. 060) combinations obtained for the study, over Central Kalimantan, Indonesia.	Comment by Amberle Keith: Please be consistent with the font sizes for the captions.

Modeling 
To identify the burn scars, the hue images were first processed to isolate the pixel values between XX-XX using the extract by attributes tool in ArcMap model builder. These values were found to be the primary values that corresponded to the MODIS fire data after visual inspections of the images. After this, the extracted components underwentgo a Boolean test in order to make the processing occur more smoothly for the remainder of the model. The raster sections are were then converted into vector data to allow for calculations on the geometry of the resultant polygons.	Comment by Alexandra Sweeney: This will be added in for the Final Draft (still figuring this out)!

Upon visual inspection of the false color images, the burn scars appeared as mostly soil or light vegetation. One of the main distinguishing features of the burn scars themselves wais their irregular shape. In order to distinguish between burn scars and other features of similar hue, we then compared the vertices of the polygon to the vertices of its corresponding convex hull minimum bounding geometry. The ratio of the number of vertices between the polygon and its bounding geometry alloweds us to isolate the more irregular shapes from the more symmetrical ones.	Comment by Amberle Keith: Please use past tense.
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Final conclusions. Word count: 200-600 (~a page).
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