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EXECUTIVE SUMMARY 

Fire is an important traditional land management tool and a major agent for the conversion of 
organic matter from vegetation and soils into carbon. Fire-related greenhouse gas emissions are 
of global concern, because they have large impacts on the climate system and are associated with 
adverse health effects. Yet, large uncertainties loom in the extent and the dynamics of fire 
patterns and fire emissions, because of the difficulties inherent in estimating the location, the 
amount and the type of biomass burned.  

We assessed the feasibility of the active fire hotspots derived from the Moderate Resolution 
Imaging Spectroradiometer (MODIS) sensor for monitoring vegetation fires in the Lao PDR. The 
MODIS active fire hotspots have great potential for monitoring fire dynamics, because the data 
deliver free and near real-time information from a maximum of four satellite overpasses each 
day and with a data record that spans more than a decade. We investigate the potential of the 
MODIS fire hotspots as an input into a monitoring, reporting and verification (MRV) system to 
assess the effectiveness of measures related to REDD+ (Reducing Emissions from Deforestation 
and Forest Degradation plus enhancement of forest carbon stocks). While the fire hotspots are 
not apt to calculate the size or the emissions associated with a fire, the data give daily indication 
of its location and may thus allow estimating changes in fire density over time and space.  

We conducted a qualitative accuracy assessment of the fire hotspots that yielded mixed results 
with varying degrees of undetected fires (omission errors) and false detections (commission 
errors). The modest performance of the fire hotspots in capturing vegetation fires in the Lao PDR 
can mainly be traced back to the gap in between the satellite overpasses and to the changing 
number and quality of the MODIS observations. For that reason, the fire hotspots for MRV need 
to be interpreted in conjunction with the corresponding MODIS image subsets and auxiliary 
data. Yet this requires considerable input for the data retrieval in near real-time and for the 
development of human resources.  

If used in combination with additional information the MODIS active fire hotspots provide a 
valuable input into national level MRV at IPCC Tier 2 level by providing information about land 
use systems that are connected to the use of fire. The combination of the MODIS fire hotspots 
with secondary data such as time series of precipitation will further support the analysis of 
interannual changes. But at Tier 3 the uncertainties inherent in the detection accuracy become 
too large. We suggest making use of the next burning season for a quantitative accuracy 
assessment to obtain reliable estimates of the detection accuracy at varying spatial resolutions, 
the cause for fires and the areas affected. We believe such an investment is justified given the 
secured future provision of MODIS-type satellite data. The manifold advantages of the MODIS 
fire products render them a valuable tool in supporting the monitoring of fire-related vegetation 
changes.  
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1 INTRODUCTION 

Fire is an important land management tool, but also affects the physical state of the vegetation, is 
associated with forest degradation, and often succeeds logging operations in combination with 
other disturbances (Cochrane, 2003; Goldammer, 2006; Siegert et al., 2001). Particularly in the 
tropics fire is a key tool to convert secondary forests and grasslands to agricultural uses. 
Currently, fire frequency is increasing in much of the tropics, including Southeast Asia (Denman 
et al., 2007), which is a global hotspot of fire activity (Giglio et al., 2006). The most pertinent 
causes of vegetation fires in the region are arguably the clearing of land for agricultural 
purposes, and in particular for shifting cultivation, and for permanent conversion of forests to 
cropland and grazing land (Crutzen and Andreae, 1990; Seiler and Crutzen, 1980).  

Satellite data can help detect such vegetation fires (GOFC-GOLD, 2009; Justice et al., 2006; 
Kaufman et al., 1998). One promising and cost-effective strategy to monitor the areas affected by 
vegetation fires are remotely sensed data that capture the location of fires. The spatial 
concentration of clearing fires proxies how intensively a particular area is used for fire-related 
activities. Changes in fire density help assessing changes in the use of fire. Increasing fire return 
intervals indicate, for example, shorter fallow periods in shifting cultivation systems or a higher 
clearing frequency in other land conversion activities. Decreasing fire activities in one, but 
increasing fire activity in neighbouring locations may imply local displacement. More fires over 
time per unit area may inhibit tree growth and the regeneration of successional vegetation into 
young closed forest, with potentially detrimental effects on soil fertility and above-and below-
ground carbon sequestration. Therefore, an assessment of both the spatial distribution and the 
temporal dynamics of vegetation fires and associated emission patterns is important (GOFC-
GOLD, 2009).  

The overall objective of this report is to assess the feasibility of the active fire hotspots derived 
from the Moderate Resolution Imaging Spectroradiometer (MODIS) sensor to monitor 
vegetation fires in the Lao PDR. Wee will investigate the value of these data as an input into a 
monitoring, reporting and verification (MRV) system to assess the effect of activities related to 
Reducing Emissions from Deforestation and Forest Degradation and Enhancement of Forest 
Carbon Stocks (REDD+) for curbing greenhouse gas emissions from vegetation fires.  

2 CAUSES AND IMPACTS OF VEGETATION FIRES 

2.1 Causes of vegetation fires 

Fire is a common tool used in the process of clearing land. But fire is not necessarily the main 
proximate cause of deforestation or of forest degradation, because particularly in tropical forests 
trees are often extracted before the use of fire. Fire then succeeds the earlier clearing of trees 
and bushes by hand or machine (Cochrane, 2003).  

There are manifold natural or anthropogenic causes of fire that are very difficult to be 
established solely with remote sensing data. Ground-based investigations are crucial to 
determine the underlying causes of fire (Cardoso et al., 2005). However, such field investigations 
were beyond the scope of this report. We instead conducted an online survey among experts of 
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rural development of the Lao PDR that revealed a number of distinct causes of vegetation fires in 
the Lao PDR. 1  

Results from the survey indicated that the majority of the fires in the Lao PDR were attributed to 
some kind of agricultural activity. Clearing secondary vegetation off the fields by fire is a 
widespread agricultural practice in the Lao PDR that may relate to a range of agricultural 
practices and farming systems (Ducourtieux and van Gansberghe, LaoFAB). For example, fire is 
frequently used to remove vegetation for pioneering agriculture such as before the planting of 
rubber trees or cassava in primary or secondary forest (Ducourtieux, LaoFAB). Hence, the 
slashing and burning of vegetation is not automatically related to shifting cultivation 
(Ducourtieux, LaoFAB). Evidence from Southern Xayaburi province suggests the existence of 
various kinds of vegetation fires such as the burning of debris, weeds, and grasses on pasture 
land. These fires are usually lit by farmers during the dry season when preparing fields for the 
subsequent cropping cycles (van Gansberghe, LaoFAB).  

Shifting cultivation is arguably still widespread in the Lao PDR. It typically follows slash-and-
burn practices where the vegetation of a plot of land is cut in January and February and left 
drying for several weeks (van Gansberghe, 2005). The burning of the dried vegetation happens 
towards the end of the dry season months, mostly in March and April. The sowing takes place at 
the onset of the rainy season and seeds are placed directly into the soil, typically without any 
tillage (Gansberghe, 2005).  

While no precise figures about the extent of shifting cultivation are available, the most recent 
estimates of the number of households involved in shifting cultivation across Laos is estimated 
at 800,000 to one million or approximately 17% of the population, occupying 28% of the 
country’s  surface  (Messerli et al., 2009). These figures are derived from the analysis of landscape 
mosaics that combine the 2005 population census with the official, albeit somehow doubtful 
land cover data derived from the visual interpretation of SPOT satellite images from 2002. Yet, 
no estimates exist about the change in shifting cultivation practices over time. 

Other causes of fires that are related to agricultural practices are the burning of rice stalks in dry 
paddy fields, the firing of heaps of rice straw left after threshing, and grassland fires to increase 
the productivity of young grasses, which take place during November and December (Chris Flint, 
LaoFAB). In addition, fires are also often deliberately used to facilitate hunting.  

2.2 Greenhouse gas emissions from vegetation fires 

Fires release considerable amounts of radiatively and photochemically active trace gases and 
aerosols into the atmosphere (Denman et al., 2007). At present, fires account for CO2 emissions 
that are equivalent to 50% of all emissions from the combustion of fossil fuels (Bowman et al., 
2009). The burning of biomass releases a considerable share of the carbon that was stored in the 
above-ground biomass and soils, depending on the burning efficiency (Seiler and Crutzen, 1980). 

                                                             
1 This section relies heavily on a discussion on LaoFAB, a Google group for sharing information about 
Farmers and AgriBusiness in Laos (http://groups.google.com/group/laofab). The discussion benefited 
from comments by Olivier Ducourtieux, Chris Flint, Trevor Gibson, Dirk van Gansberghe, Jan Seven, and 
Souk Souksavath. 
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Globally, fire is a major agent for the conversion of organic matter from vegetation and soils into 
carbon (Cochrane, 2003; Denman et al., 2007).  

Tropical evergreen primary forest is relatively fire resistant and only vulnerable to fire during 
prolonged droughts such as in El Niño years (Cochrane, 2003; Siegert et al., 2001). But logging 
may be a precursor for forest fires, because disturbed forests are more susceptible to fires due to 
an open canopy, increased solar radiation, and smaller plant material (Cochrane, 2003; Nepstad 
et al., 2008; Siegert et al., 2001). As a result, the burning efficiency is higher in disturbed forests 
where about 50% of the biomass is combusted (Crutzen and Andreae, 1990).  

Fires are also a major global concern, because of the emission of particulate matter and trace 
gases other than CO2 from the biosphere to the atmosphere. Many of these, such as methane 
(CH4) and carbon monoxide (CO), play an important role in atmospheric chemistry, climate, and 
terrestrial ecology (Crutzen and Andreae, 1990). And fire-related emissions of greenhouse gases 
such as CH4 and nitrous oxide (N2O) contribute a warming potential of about 10% in CO2 
equivalents (van der Werf et al., 2009). In addition, fire results in the emission of soot particles 
that contain black carbon (elemental C that is contained in smoke) and other particulate matter. 
While the overall climate effect of soot may be neutral or even positive due to climate-cooling 
aerosols, the impact on health and local and regional climate parameters may still be dramatic 
(Ramanathan and Carmichael, 2008). In general, large uncertainties remain about the extent of 
regional and global fire emissions, because of the difficulties inherent in estimating the amount 
and type of biomass burned, which varies as a function of space, time and type of combustion 
(Andreae and Merlet, 2001).  

The main period of biomass burning, particularly towards the end of the dry season, is 
accompanied by massive occurrences of anthropogenic clearing fires with adverse effects on 
global climate parameters and human health (Goldammer, 2006; Sastry, 2002). It is the 
greenhouse gas emissions associated with fire that render the monitoring of vegetation fires 
important for activities targeted at reducing carbon emissions from land use and land use 
change. Such monitoring necessitates an assessment of the land use changes over longer time 
spans to capture the long-term effects of fire. For example, in many farming systems such as 
shifting cultivation the original amount of biomass may regrow when fallow lengths are 
sufficiently long and hence net carbon emissions will be close to zero (Crutzen and Andreae, 
1990; Goldammer, 2006). But a reduction of fallow periods or a conversion of shifting cultivation 
plots to permanent annual cropping systems likely results in a loss of above-ground carbon and 
soil organic carbon, though with a large variation depending on local geophysical conditions and 
on land management strategies (Bruun et al., 2009). Correspondingly, carbon stocks per hectare 
of areas under shifting cultivation are smaller than the carbon content of forested landscapes but 
larger than in permanent croplands (Bruun et al., 2009; Houghton, 2010). Yet,  N2O remain and 
contribute to the overall greenhouse gas balance.  

A conversion of regrowing secondary forests to agroforestry or shifting cultivation tends to emit 
less carbon per hectare in absolute terms than a permanent conversion to cropland. But it stops 
the sequestration of carbon when the sequestration rate is highest on the forest growth curve. 
The Voluntary Carbon Standard (VCS) recognizes such additionality through the protection of 
as-yet “un-sequestered”  carbon  through  the  protection  of  degraded  or  secondary  forests.  In  
other words, loss of secondary forest logically has a lower carbon emission value in absolute 
terms, but is equal to the loss of primary forest in terms of additionality (Gabriel Eickhoff, pers. 
comm.). 
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2.3 Vegetation fires and REDD+ 

A developing country that includes REDD+ in its national policy portfolio can negotiate financial 
compensation for the efforts of reducing emissions and enhancing forest carbon stocks 
according to the amount of verifiably reduced greenhouse gas (GHG) emissions (Angelsen, 
2008). The performance-based payments at country level may be translated within countries 
into incentives for forest managers to protect forest carbon by deflecting or modifying the 
drivers of forest cover change.  

Arguably, the Lao PDR experienced the loss of natural forests and widespread forest degradation 
during the last decades. One reason is the rapid transformation of subsistence farms that often 
relied on some form of shifting cultivation, with other, more commercially oriented land uses 
such as large-scale monocultures of plantation crops (mainly rubber and pulp wood). While 
some of the land uses that replace small-scale subsistence farming can technically qualify as 
‘forest’  depending on the definition used to define forest (Mertz et al., 2009), they may be 
associated with a range of additional, often adverse effects on ecosystem services and 
biodiversity (Sasaki and Putz, 2009; Venter et al., 2009).  

The high density of vegetation fires in the Lao PDR suggest that the inclusion of fire monitoring 
in REDD+-related MRV systems can assist monitoring the changes in forest carbon stocks. One 
justification to include the monitoring of vegetation fires in MRV systems related to REDD+ 
action is the importance of fires to proxy land conversions. Changes in fire dynamics may help 
assessing the rapid transformation of land use in upland Southeast Asia to commercial annual 
production systems and to tree plantations. A second justification for careful monitoring is the 
forest degrading effect of fires that accompany a shortening of fallow cycles or an increase in fire 
density due to other proximate causes.  

An MRV system for REDD+ activities ought to evaluate the effectiveness of benefit sharing in 
reducing GHG emissions from fires related to land use. Because benefit sharing will likely occur 
on a yearly basis, a yearly monitoring system is required. A decrease in the density of fires over 
time may point to a range of underlying land use changes. It can signify a reduction in the area 
under shifting cultivation with likely positive effect on the carbon balance if the replacement 
land use is forest. But it may also have negative effects on the carbon balance, if permanent 
agriculture (that does not rely on the use fire) replaces areas with higher carbon stocks such as 
secondary forests. A reduction in fire density may also result from an increase in fallow periods, 
again with positive effects on the carbon balance. Thus, a decrease in fire activity can have 
diverging effects on the carbon balance that are in turn due to a variety of processes on the 
ground. Hence the fire data needs to be contextualized with land use data and with ground-
based investigations in order to understand the effects of fire on above-ground carbon stocks.  

REDD+ payments that target an improvement of the long-term carbon content in shifting 
cultivation landscapes may provide incentives to extend the fallow period, which would lead to 
higher time-averaged carbon stocks (Bruun et al., 2009). But monitoring the lengths of fallow 
periods for individual farmers may not be cost-efficient. Possibly, REDD+ activities would rather 
target the replacement of shifting cultivation with sustainably managed, permanent forests that 
can be better monitored using existing remote sensing methods and data sources. Yet, incentives 
that foster land use changes would need to go in hand with policies that foster an increase of 
agricultural productivity and thus lead to higher benefits for land use practices on permanent 
fields, or with more incentives and options for off-farm benefits and migration. In other words, 
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the effects of a reduction in shifting cultivation will be accompanied by unclear short- and 
medium-term effects on biodiversity and local livelihoods. REDD+ projects will need to cushion 
potentially negative side effects on the rural poor. The legitimacy of MRV systems, and of REDD 
more generally, thus necessitates monitoring the changes in co-benefits associated with land use 
incentive payments. Hence, MRV of co-benefits is an essential component of REDD-MRV and also 
addressed under the standard of the Climate, Community and Biodiversity Alliance (CCBA). 
Nonetheless the imperative of REDD+ is to maintaining or increasing the carbon content in 
forested landscapes.  

3 FIRE MAPPING WITH MODIS 

A large number of studies have demonstrated the value of remote sensing to quantify fire 
occurrences and the areas affected by fire (for example, Eva and Lambin, 2000; Giglio et al., 
2006; Roy et al., 2002). Remote sensing provides two principal options to infer on fires, with 
spectral and with thermal information.  

The Moderate-Resolution Imaging Spectroradiometer (MODIS) from the National Aeronautic 
and Space Administration (NASA) is the first sensor that included fire monitoring capabilities in 
its design. And to date MODIS is one of the most important data sources for global mapping of 
both fire locations and burned areas. MODIS sensors are mounted aboard two satellites, the 
Terra spacecraft launched in December 1999 and the Aqua spacecraft launched in May 2002 
(http://modis.gsfc.nasa.gov). The Terra satellite crosses the equator at approximately 10:30am 
and 10:30pm each day while Aqua passes over the equator at approximately 1:30pm and 
1:30am. Shortly thereafter (for the post meridiem [p.m.] overpasses) and shortly before (for the 
ante meridiem [a.m.] overpasses) the satellites record data for the Lao PDR. The sun-
synchronous orbit allows both satellites to pass over the same area at the same time in every 24 
hour period, because every other spot on Earth has similarly constant overpass times 
(http://maps.geog.umd.edu/firms/faq.htm).  

Both satellites make up to two fire observations per day in the tropics since July 2002, which are 
used to generate a range of products that capture the location of a fire, its emitted energy, the 
flaming and smouldering ratio, and an estimate of the area burned (Davies et al., 2009; Giglio et 
al., 2009; Justice et al., 2006). MODIS is particularly apt for fire monitoring because it provides a 
high temporal revisiting rate with four daily satellite overpasses resulting in up to four active 
fire observations per day. The MODIS fire products allow producing dense and historical time 
series of fire occurrences that can be used to assess the multitemporal characteristics of fire 
occurrences and the seasonality of fire. In addition, the real-time data may allow characterizing 
the effectiveness and efficiency of REDD-related management interventions (GOFC-GOLD, 2009). 
Because of the long data record with daily observations from two satellites since 2002, the 
MODIS fires may also permit calculating the seasonality, timing, and interannual variation of 
fires (Giglio et al., 2006; GOFC-GOLD, 2009).  

 

 

http://modis.gsfc.nasa.gov/
http://maps.geog.umd.edu/firms/faq.htm
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3.1 The detection algorithm 2 

The MODIS Rapid Response System (http://rapidfire.sci.gsfc.nasa.gov) was developed to provide 
near real-time imagery from the MODIS instrument for a broad range of users. The Rapid 
Response Team produces the MODIS fire location data that identify and characterize actively 
burning fires (e.g. wildfires, agricultural fires, etc.) and other thermal anomalies (e.g. volcanoes, 
etc.) at the time of satellite overpass. Fires that do not emit sufficient heat under relatively cloud-
free conditions at overpass time are unlikely to go detected. The fire detection algorithms are 
fully automated and produce daily fire information for the entire globe. The detection criteria 
are based on the temperature of a each potential fire pixel and the difference between the 
temperature brightness of the fire pixel and its background temperature (Justice et al., 2006).  

The detection algorithm identifies pixels with one or more actively burning fires that are 
commonly  referred  to  as  “fire  pixels”.  Each  detected  fire  represents  the  centre of an 
(approximately) 1km pixel that contains one or more fire hotspots. The actual pixel size varies 
depending on the location of an observation in the swath. Pixels further away from nadir 
(exactly vertical from the satellite) will grow larger (Giglio, 2010). The coordinates of the fire in 
the attribute table does not represent the exact location of the fire, but the centre point of the 
pixel.  

The size of the fire can be much smaller than the pixel size (Figure 1). The detection probability 
of active fires depends on a number of factors, among others on fire temperature and satellite 
viewing angle. MODIS active fires can detect flaming fires (~1000 Kelvin, K) as small as 100m2 
under ideal conditions with a 50% detection probability, or a 1000–2000m2 smouldering fire 
(~600K) (Giglio et al., 2003; Hawbaker et al., 2008; Kaufman et al., 1998). Detection rates will be 
higher when the daily peak fire activity will coincide with the time of satellite overpass 
(Schroeder et al., 2005). Also, fires in degraded forests are easier to detect than fires in primary 
forests, because degraded forests burn hotter due to more dry fuel and the open canopy. Primary 
forests are often dominated by ground fires with little heat production (Langner and Siegert, 
2009).  

The fire detection algorithm relies on the brightness temperatures derived from the spectral 
channels with a wavelength of about 4µm (channel 21 and 22) and 11µm (channels 31 and 32), 
all with a spatial resolution of 1km (pixel size at nadir). Based on a number of thresholds a pixel 
is labelled as containing a fire, if the 4 µm and 11µm brightness temperatures substantially 
depart from the non-fire background. The 250m resolution channels 1 and 2 are aggregated to 
1km and used to reject coastal-induced false alarms and to mask clouds. The 500m channel 7 
with 2µm is also aggregated to 1km and supports the rejection of coastal-induced false alarms. 
Pixels lacking valid data as well as clouds and water are masked out and only the remaining 
pixels are considered by the detection algorithm. Ultimately, the algorithm assigns to each pixel 
one of the following classes: missing data, water, cloud, fire, non-fire or unknown (Giglio et al., 
2003; Justice et al., 2006).  

                                                             
2 This section is largely based on the FIRMS website, the FIRMS user guide (Giglio, 2010) and the technical 
background document for the MODIS fire products (Justice et al., 2006). 

http://rapidfire.sci.gsfc.nasa.gov/
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Figure 1 Fire pixels 

Source: http://maps.geog.umd.edu/firms/faq.htm  

A detection confidence is estimated and ranges from 0% to 100% (Giglio et al., 2003). The 
confidence level is used to assign the classes of low-confidence [<30%], nominal-confidence 
[30%-80%], or high-confidence [>80%]) to all fire pixels. Some highly questionable fires are still 
classified as nominal confidence fires in the most recent collection 5, but this will be corrected in 
the collection 6 product that is scheduled to begin in early 2011 (Giglio, 2010). Higher 
confidence levels can be applied to reduce the number of false alarms (errors of commission) at 
the expense of a lower detection rate (Giglio, 2010).  

3.2 MODIS fire products 

3.2.1 Active fire hotspots 

Active fire detection maps the flaming front of fires at the time of satellite overpass (Hawbaker 
et al., 2008). The data is provided in Coordinated Universal Time (UTC) when the satellite has 
passed over a particular location. Davies et al. (2009) give an overview of the MODIS active fire 
data products and describe their delivery via the Fire Information for Resource Management 
System (FIRMS, http://maps.geog.umd.edu/firms). The data is also accessible through the Global 
Fire Information Management System (GFIMS, http://www.fao.org/nr/gfims/gf-home/en) of 
the Food and Agriculture Organization of the United Nations (FAO). GFIMS provides the data as 
received from the MODIS Rapid Response team.  

http://maps.geog.umd.edu/firms/faq.htm
http://maps.geog.umd.edu/firms
http://www.fao.org/nr/gfims/gf-home/en/
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Another provider of MODIS-based fire hotspots is the MODIS Fire Information System (FIS) at 
the Asian Institute of Technology (AIT).3 They produce very sophisticated fire information, 
which is also based on the algorithms developed by Kaufmann et al. (1998), Justice et al. (2002), 
and Giglio et al. (2003). Thus we do not expect deviations in the results. We proceed 
concentrating on the information delivered by FIRMS (and GFIMS), because we consider these 
data and their online portals more user-friendly, in particular for non-technical users.  

1. MRR: MODIS Rapid Response 
The MRR data supply active fires in near-real time with a lag of approximately two to four hours 
between satellite overpass and data provision (http://rapidfire.sci.gsfc.nasa.gov). The data is 
delivered as SMS message, text file, Google Earth KML, NASA World Wind plugin, or in ESRI 
shapefile format. Users of Google Earth have the additional option to download a KML that 
automatically updates the fire detections every two hours. The MRR data is also available as a 
daily email alert that notifies users of fires in their area of interest. The email-alerts can be 
tailored to a specific area, country or protected area with the additional option to include a 
buffer zone (http://vulcan.geog.umd.edu/alerts/alerts.phtml). The emails contain information 
about the number of detected fire locations with a link to the corresponding subset of the MODIS 
image. A comma-separated text file (CSV) can also be delivered with the coordinates of all the 
detected fire records, the time and date of satellite data acquisition, and a confidence value. The 
FIRMS website further provides an open source Web Fire Mapper (WMS, 
http://maps.geog.umd.edu/firms/wms.htm), which offers a Web Map Service interface that 
allows to access data from the last 24 and 48 hours without accessing the Web Fire Mapper 
website. The MRR data is currently provided as collection 5.0. The zero indicates that it is the 
rapid response data. 

2. MODAPS: MODIS Data Processing System 
MODAPS (http://maps.geog.umd.edu/firms/faq.htm#MRRMODAPS) generates quality-checked 
active fires that are reprocessed, if problems are found in specific granules. MODAPS also 
includes the definitive ephemeris for the Aqua spacecraft, which improves the accuracy of the 
geolocation of pixels by 50 to 100m (even more in rare cases). The resulting data set is the 
Global Monthly Fire Location Product (MCD14ML). As of to date, the FIRMS team encourages the 
use of MODAPS for any historical analysis. Yet one disadvantage of the MODAPS data is the time 
delay of about two months until data provision, caused by the additional processing 
requirements. The quality checked data from MODPAS is currently available as collection 5.1, 
with  “1”  denoting the MODAPS reprocessing (Giglio, 2010). An online fire archive download tool 
is also under development and will soon allow drawing an area of interest on a map and 
specifying the period required for data download. At present, the data can be requested at the 
FIRMS website (http://maps.geog.umd.edu/firms) and users can contact the FIRMS teams via 
email at firms@hermes.geog.umd.edu to request specific historic fire data. 

3. CMG: MODIS Climate Modeling Grid 
The CMG (http://maps.geog.umd.edu/firms/CMG.htm) are gridded statistical summaries of fire 
pixel information for use in regional and global modelling. The products are provided in 0.5° 
spatial resolution (~50 by 50km) of aggregated fire counts for one calendar month and for eight 
days. A higher resolution 0.25° dataset is in preparation (Giglio, 2010). We have not investigated 
the CMG in this report due to the coarse spatial resolution. 
                                                             
3 See http://www.geoinfo.ait.ac.th/mod14/index.php 

http://www.geoinfo.ait.ac.th/mod14/index.php
http://rapidfire.sci.gsfc.nasa.gov/
http://vulcan.geog.umd.edu/alerts/alerts.phtml
http://maps.geog.umd.edu/firms/wms.htm
http://maps.geog.umd.edu/firms/faq.htm#MRRMODAPS
http://maps.geog.umd.edu/firms/
mailto:firms@hermes.geog.umd.edu
http://maps.geog.umd.edu/firms/CMG.htm
http://www.geoinfo.ait.ac.th/mod14/index.php
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3.2.2 Caveats of the active fire hotspots 

Several issues obstruct the use of the MODIS fire products to indicate the location of active small 
scale fires. For one, the textural component of the detection algorithm causes problems with 
false detections in areas where the canopy cover exhibits strong differences in surface 
temperatures. This may be the case where gaps in the forest canopy cover are present that can 
be due to recent clearings (pers. comm. Chris Justice; Schroeder et al., 2008). Another fraction of 
false detections may be related to recent burning activities where homogenous areas of dark 
char cause errors of commission, such as in the Amazon (Schroeder et al., 2008). 

Cloud cover obstructs fire detection and may lead to high errors of omission (undetected fires). 
Fire counts are thus likely underestimated, particularly in tropical regions (Giglio et al., 2005; 
Schroeder et al., 2008). Yet, clouds are also indicative of rain when fire probability is low, which 
possibly reduces this bias (Aragao and Shimabukuro, 2010). Because the fire season in Laos 
coincides with the dry season when cloud cover is low (and rainfall negligible), the potential bias 
due to cloud cover may be relatively small.  

The number of satellite observations differs depending on the satellite tracks. Some days may 
not  even  be  covered  by  one  “good”  data  point,  because  the are of interest may be located 
towards the edge of the scan (Anja Hoffmann, pers. comm.; Justice et al., 2006). Because of the 
larger satellite viewing angle the pixels away from nadir require higher temperatures for 
saturation. The location of MODIS pixels in the swath are calculated with ephemeris data and can 
be looked up for all historic MODIS observations as well as for several days ahead at 
http://www.ssec.wisc.edu/datacenter/terra and http://www.ssec.wisc.edu/datacenter/aqua. 

The size of a particular fire can not be calculated from the fire hotspot data and no distinction 
can be made between large fires and small fires. While there is possibly a direct relation between 
the number of fires detected in a specific area, the size of the area affected, the smoke emitted, 
and the biomass burnt (Aragao and Shimabukuro, 2010), the degree of these linkages is unclear 
from the active fire data.  

The active fire data does not allow distinguishing, if one or more fires were actively flaming 
within a pixel on the same day. Yet, it is often quite likely that more than one fire occurs within a 
pixel during the burning season, because of the coarse spatial resolution (1km2) of the fire 
records (Giglio, 2010; Giglio et al., 2003). This shortcoming will tend to make the estimates from 
the active fires more conservative by underestimating the actual number of fires in the case of 
small fires with sub-pixel size. Larger fires, on the other hand, or a fire front may also saturate 
more than one pixel, but such fires are likely rare in the Lao PDR (see also 3.2.3 below). The 
omission of fire counts may be quite large in small-scale agriculturally used areas, because of the 
large number of plots and the small size of fires, and will therefore lead to an underestimation of 
fire density. A related shortcoming is that the exact location of a fire within the pixel is unknown. 
This is particularly relevant for the accuracy assessment (section 5.1), because it is difficult to 
associate the detected fire with a specific land use patch within a pixel.  

Finally, burned areas can not be derived from the active fire data, because the actual size and 
area affected of the fire is unknown. Yet, the active fire data can be useful to approximate fire-
affected areas (see section 5.2.3) in the absence of high resolution burned area maps (Giglio et 
al., 2005; Miettinen et al., 2007).  

http://www.ssec.wisc.edu/datacenter/terra/
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3.2.3 MODIS burned area product 

Burn scar mapping relies on spectral signatures to identify the size of burned areas after the fire 
has taken effect (Hawbaker et al., 2008; Miettinen, 2007; Roy et al., 1999). Knowledge about 
burned areas is essential to estimate the carbon emissions related to land cover conversions that 
result from the use of fire. Yet, active fire locations do not provide such information and a direct 
mapping of burned areas is more suitable to assess the extent of burned areas (Roy et al., 2005).  

The MODIS burned area product (http://modis-fire.umd.edu/Burned_Area_Products.html) relies 
on MODIS bands with 500m resolution and is to date the global burned area product with the 
highest spatial resolution. Yet, the minimum detectable burned area is approximately 120ha, 
because pixels grow larger at larger view angles, resampling errors happen due to the necessary 
reprojection, and because of the inclusion of contextual information (Giglio et al., 2009). This 
restricts the capability to detect small burn scars and therefore questions the reliability of 
burned-area mapping from MODIS data for areas where small or spatially fragmented burn scars 
contribute strongly to the total burned area (Miettinen and Liew, 2009; Roy and Boschetti, 
2009). This is likely the case in Laos, because 120ha is considerably larger than the typical size of 
a fire related to farming activities or shifting cultivation , even in the case of the frequently 
observed village clearings (van Gansberghe, 2005).  

Hence, the global MODIS burned area product does arguably not capture the burn scars of the 
large majority of fires in the Lao PDR. For example, between January and May 2010 - the year 
with the largest burned areas detected from MODIS - the detected burned amounted to 
3,069km2, which is equivalent to 1.3% of the total land area of the Lao PDR. A comparison of the 
active fires and the burned area product in Figure 2 shows the varying degree of agreement 
between burned areas and active fire locations. The majority of the detected fires did not 
translate into burned areas, possibly because of the small sizes of fire-affected areas. For that 
reason the burned area products are inappropriate to accurately estimate the area affected by 
vegetation fires and to proxy the related trace gas emissions in geographical settings that are 
dominated by small-scale land use systems such as in the Lao PDR. Nevertheless, the burned 
area product allows approximating the area affected by large fires or by many spatially and 
temporally concentrated smaller fires. 

3.2.4 MODIS image subsets  

The MODIS subset images provide users of the active fire data with a quick overview of their 
area of interest. General subsets are available for Aqua and Terra for free download and 
provided as true-colour composite images in band combination 7-2-1 and as NDVI images with 
the locations of MODIS active fires highlighted (http://maps.geog.umd.edu/firms/subsets.htm). 
The subsets can be downloaded in 2km, 1km, 500m, and 250m spatial resolutions as JPG image, 
GeoTIFF file, or Google Earth KMZ. The FIRMS team may also produce imagery subsets of 
specified areas of interest. Detailed MODIS image subsets are made available upon request for 
specific areas of interest by the MODIS Rapid Response System 
(http://rapidfire.sci.gsfc.nasa.gov).  

The subsets help to obtain an overview of the amount and the quality of the MODIS hotspot data 
and the location of the detected fires in the MODIS swath. Subset imagery therefore allows 
obtaining a better judgment of the quality of the satellite overpasses and thus has great potential 
to supplement fire monitoring systems (Anja Hoffmann, pers. comm.). The MODIS subsets are 

http://modis-fire.umd.edu/Burned_Area_Products.html
http://maps.geog.umd.edu/firms/subsets.htm
http://rapidfire.sci.gsfc.nasa.gov/
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also useful to qualitatively compare the pre-fire and post-fire situation for areas where active 
fires were detected. In that way, they facilitate estimating the size of fires in terms of their 
burned area. But the subsets will be of limited use to assess the areas affected for the fire 
patterns associated with small-scale farming structures due to their coarse spatial resolution (a 
250m pixel covers roughly 6.25ha, but most burned areas in Laos are arguably smaller than 
that).  

Figure 2 Comparison of the MODIS burned areas and active fire hotspots in 2010 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Pixels of the burned area product have a 500m resolution; fire locations correspond to the centroid of 
1km pixels. 
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3.3 Ex ante assessment of the validity of active fires   

We are not aware of an assessment of the validity of the MODIS fire hotspots to proxy the 
dynamics of small-scale vegetation fires or of the inclusion of the fire locations to monitor 
changes in land use. We thus rely on evidence from literature, our own qualitative accuracy 
assessment and on communications with experts to assess the validity of the MODIS fire 
products. We assume that fires are more likely to be detected the longer they burn and the 
higher their fuel loadings are. The slashed and dried vegetation on agricultural plots provide 
high fuel loads, because of the biomass accumulated during the fallow period. This leads to a 
longer burning time and to larger and hotter fires, which all tend to increase the likelihood for 
detection.  

Despite problems in the sensor configuration and the detection algorithm, the MODIS fire team 
frequently detected shifting cultivation in the Congo Basin (Chris Justice, pers. comm.). But fire 
detection in Laos may be negatively affected by the rougher topography that indirectly 
influences fire detection due to overall cooler temperatures (Anja Hoffmann, pers. comm.). 
Nevertheless, Todd Hawbaker (pers. comm.) conjectures that the MODIS fire products would 
probably capture a lot of shifting cultivation fires even though they are quite small. Thus, an ex 
ante assessment suggests that the MODIS fire products can potentially be used to indicate areas 
of small-scale vegetation fires such as from active shifting cultivation, but extreme care is 
required in particular when looking at interannual variations due to the incomplete sampling 
caused by gaps in the overpass timing, cloud cover and the unsteady data quality returned by the 
sensor (Chris Justice, pers. comm.).  

3.4 Existing accuracy assessments of the active fire product  

Accuracy assessments with independent reference data are crucial to obtain an estimate of the 
validity of the data. Yet only partial validations exist for the active fire data. These include 
Schroeder et al. (2008) in Amazonia, Morisette et al. (2005) in South Africa, Csiszar et al. (2006) 
in Northern Eurasia, and Hawbaker et al. (2008) for the United States. All these studies assess 
the accuracy of the MODIS fire hotspots with auxiliary satellite imagery. The results from the 
validations suggest that omission errors (false non-detection or false negative) are relatively 
frequent while commission errors (false alarms) are comparatively rare, particularly for smaller 
fires (Csiszar et al., 2006; Morisette et al., 2005; Schroeder et al., 2008).  

However, most of these studies (except Hawbaker et al., 2008, who rely on Landsat imagery) use 
data from the ASTER sensor that is mounted on the Terra spacecraft. Thus the ASTER-based 
validations only pertain to the Terra satellite, which hosts one of the two MODIS sensors. ASTER 
collects high-resolution data (spatial resolution of 15m, 30m and 90m) in a swath of 60km that is 
located in the centre of the MODIS path. This may cause potential biases in ASTER-based 
accuracy assessments, because more radiative energy is reflected in the centre of the MODIS 
swath, where the pixels are smaller and the distance between the sensor and the Earth is shorter 
(Hawbaker et al., 2008). Moreover, the fire size required to cause saturation increases away 
from the centre of the swath, because the size of the pixels increases. Thus a larger fire area 
would be needed to achieve the same likelihood of detection that is achieved at nadir (Schroeder 
et al., 2005). This necessity is incorporated into quality control reporting (Giglio, 2010). Another 
bias in ASTER-based accuracy assessment is the decrease in radiant energy towards the 
periphery of a MODIS tile, because more lateral pixels are more distant to the sensor and hence 
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their radiance power is lower. This affects the calculation of brightness temperatures, because 
radiant energy is correlated with temperature (Hawbaker et al., 2008). As a result, ASTER-based 
validations may overestimate the correct detections.  

Hawbaker et al. (2008) carried out an accuracy assessment with reference fires mapped from 
independent Landsat data to assess the validity of fire detection across the United States. They 
concentrated on larger fires (between 18ha and 48,000ha) that were clearly visible in Landsat 
imagery. Hence, their analysis is not apt to assess the detection rates for small fires, but they 
assume that many may go undetected (Hawbaker et al., 2008). They further conclude that 
detection rates increased when fire records from both Aqua and Terra are used and also that 
detection rates increased with fire size.  

Other field validations were conducted in Botswana, but the African savannah type of fires 
cannot be compared to tropical fires. Undetected fires were largely due to inappropriate 
overpass time of the satellites, but these fires are not of concern, because they only burn for a 
few hours early in the season. But commission errors were zero, because all MODIS fire events 
were correctly detected (Anja Hoffmann, pers. comm.).  

A study in the Indonesian peatlands of Kalimantan validated the active fires with 20m Spot 
imagery and found 27% false alarms, mainly attributed to hot surfaces after fire, and 34% 
undetected fires particularly in dense vegetation (Liew et al. (2003) cited in Miettinen et al., 
2007). To the best of our knowledge only the accuracy assessment by Tanpipat et al. (2009) 
investigates the usefulness of the active fire locations to assess the occurrence of small forest 
fires. For three study sites in Thailand the authors validate fire pixels with ground control in a 
500m radius of the pixel centre (covering 79% of the pixel area). A fire detected by MODIS was 
labelled as an accurate detection if a burned area of at least 50 by 50m was present. The detected 
burned areas were between 0.16ha and 192ha. Their mean overall accuracy was 92% for all 
three sites, and even 98% for Northern Thailand (Tanpipat et al., 2009), which bears some 
resemblance to Northern Laos in cultural and ecoregion characteristics. This study thus suggests 
that the active fire data may indeed be useful to monitor the vegetation fires that are dominant 
in the region. But such project-level activities come with very high transaction costs and are not 
a solution for national-level monitoring (Gabriel Eickhoff, pers. comm.).  

4 ANALYSIS OF FIRE PATTERNS 

4.1 Selection of reference fires 

For our historical analysis of the location, seasonality and interannual variation of fire records in 
the Lao PDR we use the Global Monthly Fire Location (level 2) Product (MCD14ML) (collection 
5.1). From now on we refer to this dataset as the  “fire  hotspot  data”.  For this analysis we select 
fire records that are derived from both the Terra and Aqua satellites, because detection rates are 
likely greater if both sensors are used (Hawbaker et al., 2008). We use the time series with all 
active fire observations since 4 July 2002 and until 30 June 2010 that we convert from UTC to 
the local time in the Lao PDR (there is no daylight saving time in the Lao PDR). We follow several 
preprocessing steps to reduce likely errors of commission (fires detected erroneously or false 
alarms) in the data and to limit the fire records to a subset of fires that are more likely caused by 
agricultural practices such as shifting cultivation and by forest clearing activities.  
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Fire occurrences do not follow the calendar year. Biomass burning in the tropics is concentrated 
in a burning season that typically spans from January to March in the Northern Hemisphere and 
from July to September in the Southern Hemisphere (Crutzen and Andreae, 1990; Giglio et al., 
2006). In Laos, fire occurrences are strongly clustered in the dry season and most fires occur 
from February to early April. Hence, we subsequently refer to fire years and fire seasons to 
account for the distinct seasonal patterns of fire occurrences (Giglio et al., 2006; Koren et al., 
2007).  

To define the start of the fire year we search for the day(s) within each calendar year of the fire 
time series for which the maximum number of fire events had been recorded. Based on this, we 
define a fire year as the period half a year (182 days) before and after the day with the maximum 
fire occurrences.4 Thus, all fire years last for 365 days and we ignore leap years for simplicity. 
We refer to the fire year of, for example, 2003 when the peak fire season (February to April) is in 
2003, although this particular fire year already commenced on 27 September 2002.  

In a next step we define the fire season as the shortest period within each fire year that contains 
90% of all fires. In that way, the fire seasons have various lengths for the different years as well 
as various start and end points. The definition of distinct fire seasons better reflects the effect of 
short-term weather fluctuations on fire patterns, because farmers will immediately respond to 
changing conditions, for example, by postponing biomass burning, if the vegetation still contains 
too much humidity.  

Seasonal variations of the shifting cultivation cycles are driven by climatic patterns. Interannual 
variability in the timing of the burning may emerge because of weather fluctuation. For example, 
in years with excessive rainfall the period of drying the slashed vegetation is longer than in drier 
years. To account for likely variations in the seasonality of burning we calculate fire years and 
fire seasons separately for each ecoregion, because ecoregional characteristics capture distinct 
patterns of climate and geology over larger areas. We use the Global 200 ecoregions from the 
World Wide Fund for Nature (WWF) for the stratification by ecoregion.5 Figure 3 shows the 
relevant WWF ecoregions that intersect the Lao PDR. 

In sum, we select fire records by accounting for distinct seasonal patterns within each ecoregion 
and each fire year. We presume that this final subset of fire records reduces commission errors 
of fires related to agricultural practices in the study region, because the selection better matches 
the cyclical pattern of farming systems in the region.  

                                                             
4 We use the mean date in the case of more than one yearly maximum. 

5 Available at http://www.worldwildlife.org/wildplaces/about.cfm 

http://www.worldwildlife.org/wildplaces/about.cfm
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Figure 3 Ecoregions in the Lao PDR 

4.2 Identification of fire intensity 

We use the preselected fire records to produce maps of fire intensities for all fire seasons from 
2003 to 2010 in order to approximate and visualize spatial clusters of fire occurrences for the 
Lao PDR. The maps describe the fire counts per unit area that allow distinguishing hotspots 
(with high fire occurrence density) and coldspots (with low fire occurrence density). This 
information can serve as a rough proxy for the extent of biomass affected by vegetation fires. We 
use nonparametric kernel density estimation with a fixed bandwidth to produce continuous fire 
intensity surfaces from the point data (Diggle, 1985). The estimates are computed for each 
location in a regular grid using the preselected fire records (section 4.1).  

5 RESULTS 

5.1 Accuracy assessments 

A quantitative accuracy assessment of the MODIS fire hotspot data is difficult due to the 
difference in spatial resolution between the MODIS fire products and the size of a typical 
vegetation fire in Laos. It is impossible to conclude with certainty that a location within a 1km2 
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pixel was affected by a detected fire, because the sub-pixel location of the fire is unknown. Yet, 
we can derive qualitative inferences about the validity of the MODIS fire hotspots by comparing 
them with fires that we geolocated in the field during the 2010 fire season, with digitized shifting 
cultivation plots, and with very high resolution satellite imagery available in Google Earth.  

5.1.1 GPS-supported field verification 

Field verifications of the MRR fires were conducted by locating the active fires in the field using 
GPS receivers from March 29 to 31, 2010.6 Yet, this posed two problems: First, most of the 
burned areas are not connected to the road network and reaching the detected fire often proved 
very difficult due to the thick vegetation dominated by bamboo. Second, the spatial resolution of 
the MODIS fire records (pixels size of 1km2 close to nadir) renders it impossible to say with 
certainty that a burned area of between one to five hectares detected on the ground was the 
result of a fire detected by the MRR.7 In most cases, the entire pixel could not be overseen in the 
field and a degree of uncertainty always remained. Nevertheless, 12 MRR fires were assessed 
and 10 out these (83%) contained a fire on the ground within the potential area affected. In 
addition, 17 recently burned areas were detected along the road, but were not contained in the 
MRR data. Errors of omission thus seem considerably higher than errors of commission in this 
small sample.  

We also received 151 GPS points of burned areas in Bokeo province in Northern Laos.8 All GPS 
points were taken during the peak of the fire season between 29 March and 18 April. We surmise 
from the corresponding photographs that all recorded burned areas contained an active fire 
within two weeks preceding the acquisition of the GPS data. We therefore select these two weeks 
from the fire hotspot data and label a GPS point as potentially captured by the fire detection 
algorithm, if the GPS point falls inside the 1km2 fire pixel. This resulted in 58% of the GPS 
records that are potentially captured by the fire hotspot data.  

5.1.2 Comparison with very-high resolution satellite imagery from Google Earth 

We assessed the accuracy of the fire locations using all very high resolution imagery (VHRI) 
available via Google Earth (mainly QuickBird and IKONOS). We digitized the footprints of the 
available 66 tiles of VHRI in the Lao PDR, which covered about 20% of the country. The 
acquisition dates of the 66 images are between January 2003 and April 2009. We selected all fire 
records that were recorded within 14 days before the image acquisition and placed a 1km 
square around each fire location. The resulting 24 fire records that match the imagery in space 
and time allowed a visual comparison between the size of a fire pixel and the burned area that is 
supposedly visible in the imagery of the subsequent two weeks.  

                                                             
6 We are grateful to Anouxay Phommalath, Cornelia Hett, and Kaspar Hurni for mapping MRR fires.  

7 Because the MRR data for Aqua only uses a predicted ephemeris, it has a geolocation error in the range of 
50 to 100m (see 3.2.1). The potential fire location may thus be located in an area that is larger than the 
1km2 pixel. This is particularly relevant for Laos where 90% of the fires are detected by Aqua (see also 
section 5.2.1).  

8 We are grateful to Frank Siegmund and his colleagues from Weltwärts (Moritz und Bennie) for 
geolocating burned areas along the main roads in Bokeo province. 
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Figure 4 MODIS fire pixels and successional land cover 

Note: All rectangles indicate the areas potentially affected by a fire and the yellow arrows point to likely burn 
scars. All fires are recorded within two weeks before image acquisition, thus burn scars are supposedly still 
visible in the VHRI. We apply a stretch of two standard deviations to the image to display more detail. 

In most cases we were unable to say with adequate certainty that a fire event was correctly 
recorded by MODIS. The 1km spatial resolution of the MODIS fire products inhibits a consistent 
accuracy assessment of fires that are much smaller in size. Moreover, the definite decision if a 
burned area was present in an image was often not possible. While many pixels might be 
labelled as probably containing a burned area, this conclusion remains very subjective. Figure 4 
gives an example of this spatial mismatch and shows six fires detected with high confidence by 
the algorithm. All fire records are overlaid on a VHRI from Google Earth that was acquired within 
two weeks after the fire was recorded. We then inferred on likely burn scars in the imagery 
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based on our own visual interpretation. In example A) and B) we indicate potential, but unclear 
burn scars with the yellow arrows. Example C) and D) obviously contain burn scars that were 
possibly caused by the detected fires. In examples E) and F) we are unable to detect burned 
areas or burn scars using visual interpretation. These may thus represent false alarms. In 
conclusion, the evidence from this assessment is mixed and Figure 4 demonstrates the difficulty 
to validate the MODIS fire location product.  

5.1.3 Validation with digitized shifting cultivation plots 

We received digitized plots of shifting cultivation areas for a village in Viengkham District of 
Luangprabang Province.9 The data was recorded during the cropping seasons from 2005 to 2008 
and include only cultivated plots. Before the first year of cultivation each plot was cleared with 
fire (Namura Takayuki, pers. comm.). We delete all plots that were cultivated for the second or 
third consecutive year, because no clearing was associated. The remaining data consist of 400 
polygons for the four years. We compare all 400 polygons with the fires detected by the active 
fire data in the fire season of the same year, but use fires from all confidence classes. Of the 400 
recorded plots of shifting cultivation only 175 fall inside or touch a 1km2 area that was 
potentially affected by a fire (Table 1). The performance of the fire records varies over the years 
from a meagre 18% in 2008 to 80% in 2007. On average 44% of the plots were possibly 
associated with a fire recorded in the fire hotspot data. The large variation may be in part due to 
the El Niño years 2006 and 2007, associated with little cloud coverage in Laos that improved the 
detection accuracy. This was followed by a La Niña year in 2008 with clouds and excessive 
rainfall, thereby possibly decreasing detection results.  

Figure 5 visualizes the overlay of the shifting cultivation plots with the 1km2 pixels of the 
respective year. The spatial mismatch between the size of a plot and the size of the pixel that 
contains the fire is evident. The results range from convincing (e.g., 2007) and mixed (2005 and 
2006) to disappointing (2008). This assessment hence does not substantiate the use of the 
MODIS active fire hotspot data as a component for systems that aim to monitor change of 
shifting cultivation systems at the plot-level. 

Table 1. Number and area of shifting cultivation plots intersected by fire pixels 

 Plots (number) 

Year total inside fire pixel % inside fire pixel 

2005 96 47 49% 
2006 89 30 34% 
2007 95 76 80% 
2008 120 22 18% 
Sum 175 400 44% 

    

                                                             
9 We gratefully acknowledge the Participatory Land and Forest Management Project for Reducing 
Deforestation in Lao PDR (PAREDD) of the Japan International Cooperation Agency (JICA) that provided 
these data. 
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 Area (hectares) 

Year total inside fire pixel % inside fire pixel 

2005 143.7 83.4 58% 
2006 102.8 39.9 39% 
2007 103.5 84.6 82% 
2008 135.6 30.3 22% 
Sum 485.5 238.1 49% 

 

Figure 5 Overlay of shifting cultivation plots and fire pixels  

Note: Each map contains the shifting cultivation plots and fire pixels of the respective year. Only plots in the 
first year of the cropping cycle were included and all fires from the particular fire season, but irrespective of 
the detection confidence.  
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5.1.4 Summary of accuracy assessments 

In sum, we are unable to provide a quantitative estimate of the accuracy of the active fire 
detections from our assessment approaches. A consistent and independent accuracy assessment 
of the active fire hotspot data is complicated by the spatial mismatch between the size of an area 
burned and the spatial resolution of a MODIS fire pixel. While our supplementary information 
and data indicate that the fire locations may be apt to proxy larger areas with high density of 
vegetation fires, the local-scale assessments at the plot and village level did not yield convincing 
evidence that speak in favour of using the active fire records to monitor fires at Tier-3 level. 
Errors of omission (non-detected fires) are particularly large while we observed relatively fewer 
errors of commission (false alarms). 

5.2 Spatial and temporal patterns of fire activity  

5.2.1 Overpass time 

The satellite overpass time is crucial for the detection algorithm, which relies on the size and the 
temperature of fires at the time of overpass (Giglio et al., 2003; Schroeder et al., 2005). 
Overpasses at peak fire activity most likely lead to a large share of successful fire detections. Fire 
activity remains undetected when it does not coincide with the satellite overpass time. Even if 
fires are active during overpass time, the detection ability depends on the quality of the overpass 
such as the distance of each pixel from nadir as well as the background temperature of soils and 
vegetation.  

In Laos, the burning of the vegetation typically happens during the hotter hours of the day (van 
Gansberghe, 2005), when the slashed vegetation is dried from the night moisture (Oliver 
Ducourtieux, LaoFAB). A number of experts on Laos set the timing between 12.30pm until after 
5pm (contributions by Souk Souksavath, Trevor Gibson, Oliver Ducourtieux, and Dirk van 
Gansberghe via LaoFAB). When fields are very close to the village, the clearing fires may even be 
lit after sunset to use the darkness for pinpointing flying sparks that can set fire to some thatch 
roofs (Oliver Ducourtieux, LaoFAB). But we received no evidence about fires caused by other 
reasons than vegetation clearing. 



26 

 

The likely time of the clearing fires in the Lao PDR coincides particularly well with the afternoon 
overpass of the Aqua satellite that stretch from 12:30pm and 2:30pm (average overpass time is 
at 1:29pm). Because fire activity is high after noon, 87% of all detected fires in Laos since 
May2002 (the onset of Aqua) were detected by the afternoon overpass of Aqua (Figure 6). This is 
typical for the tropics, where small fires follow diurnal variations and the fire activity is highest 
in the early afternoon (Gernot Rücker, pers. comm.; Giglio et al., 2006). The morning overpass 
from Terra between 9:47am and 11:43am adds another 9% of fires (average overpass time is at 
10:54am). Thus, 96% of all detected fires fall between 9:47am and 2:30pm. Arguably, errors of 
omission may be caused by the overpass gap of close to one hour around midday. Few fires are 
detected by the overpasses during the night that recorded fires between 21:33pm and 23:13pm 
for Terra (average of 22:26pm) and between 1:01am and 2:44am for Aqua (1:55am on average) 
(Figure 6). Both gap in between Aqua and Terra overpasses around midday and the lack of 
overpasses after Aqua in the afternoon (after, on average, 1.30pm) arguably leads to many 
undetected fires. We surmise that a considerable number of vegetation fires did not yet develop 
sufficient radiative power during the Aqua afternoon (see section 5.1). This negatively affects 
detection rates (Schroeder et al., 2005) and causes errors of omission.  

Figure 6 Overpass time of detected fires 

Note: All fires included regardless of confidence class 
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5.2.2 Seasonal and interannual variation 

We calculated both the interannual variation and the seasonality from the MODIS fire hotspot 
data.10 Figure 7 illustrates the strong seasonality of the detected fires with peak fire activity from 
February to April. The maximum number of fires between 2003 and 2010 were detected on 
April 10, just before the start of the Lao New Year (Pi Mai).  

Figure 7 Summary of fire seasonality in Lao PDR from 2003 to 2010 

Note: All fires included regardless of confidence class 

Figure 8 shows the interannual variation of fires separated by confidence levels. The interannual 
variation should be interpreted with great care due to the shortcoming mentioned in section 
3.2.2. No clear trend of a change in fire densities is discernible. The least fires were detected in 
2003 and in 2008 with a little more than 20,000 fires per year. The low fire incidences in 2008 
were likely caused by the La Niña anomaly that brought colder temperatures and more rainfall 
to Southeast Asia (cf. section 5.1.3). Most fires were recorded in 2010 with more than 50,000 
fires, followed by 2007. Few fires were assigned to the low confidence class and a similar 
number of fires have nominal and high detection confidence. The interannual pattern of the 
detected hotspots also closely resembles the interannual pattern derived from an aggregation of 
the burned area data (see also section 3.2.3). 

                                                             
10 Because of the data gaps all calculations of the amount of fire and fire density approximate fire patterns, 
but should not be interpreted an accurate description of exact quantities.  
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Figure 8 Interannual fire activity for the Lao PDR 
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5.2.3 Fire-affected area 

Miettinen et al. (2007) conjecture that the MODIS fire hotspots give a better estimate for the 
burned areas in small scale shifting cultivation systems of Kalimantan than the MODIS burned 
area product. To test this Miettinen et al (2007) and Langner et al. (2007) converted the active 
fire locations to the area that was potentially affected by fire by aggregating all areas intersected 
by an active 1km2 fire pixel. Each pixel was considered only once, in case it was covered by 
several fire hotspots within one year. Langner and Siegert (2009) validated the accuracy of such 
fire-affected areas derived from active fire pixels using burned areas mapped from Landsat 
imagery in Kalimantan. They found an overall accuracy of 91% with 38% of omission and 35% 
of commission errors.  

While these results are promising, a considerable uncertainty is inherent in the derivation of 
fire-affected areas. Considering the small size of fires that are dominant in Laos (see also Figure 
2), the actual burned areas are often considerably smaller, because typically only a small share of 
the pixel area is burned. Our data and field experience shows that for Laos the average burn scar 
is around 5ha (= 0.05km2), thus a 1km2 fire pixel with one active fire corresponds to a burned 
area that is 20 times smaller than the potential fire affected area. For that reason Ballhorn et al. 
(2009) discount the potential fire-affected area by 30% in Central Kalimantan to better 
approximate actual burned areas. But fire-affected areas may also underestimate the actual 
burned area, because omission errors may be high in Lao PDR (see, e.g., section 5.2.1). Giglio et 
al. (2005) suggests to treat the fire-affected area estimates derived from the MODIS hotspots 
solely as an interim product to inform subsequent analysis rather than as a substitute for burned 
area maps. 
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Nevertheless, we calculate the fire-affected areas for the Lao PDR and find that in 2010 (the year 
with the highest recorded fire incidence, see Figure 8) the fire-affected area amounted to 
40,635km2 or 18% of the land surface of the Lao PDR. The interannual variability of fire-affected 
areas largely resembles the patterns in Figure 8, because fire-affected areas strongly correlate 
with the number of active fire locations.  

5.2.4 Fire intensity 

Maps of fire intensity were produced at a 5km spatial resolution. We prepared the intensity 
maps for each fire season from 2003 to 2010 (section 4.2). Figure 9 shows the fire intensity for 
high-confidential fires of the 2010 fire season. As expected, low fire intensity is found in the 
southern parts of Laos with mostly less than one fires per 25km², while Northeastern Laos 
shows up as a fire hotspot with up to 57 fires per 25km2. The true number of fires is likely much 
higher, particularly in areas with high fire intensities, because of the omission errors due to the 
mismatch between overpass timing and fire activity, the presence of more than one fire per 
pixel, and the conservativeness induced by using only fires that were detected with high 
confidence. 

Figure 9 highlights the areas in Northern Laos that are known for their high density of shifting 
cultivation. It also captures the ethnic groups that traditionally practice shifting cultivation 
towards the Northern Indochina subtropical forests such as in the Northern Uplands of Vietnam, 
Xishuangbanna prefecture of Yunnan province, and Southeastern Myanmar. The ecoregion of the 
Northern Indochina subtropical forests also harbours the highest fire intensities across entire 
Mainland Southeast Asia.  
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Figure 9 Fire intensity map for 2003 - 2010 

Note: The map was created with a kernel density estimate (KDE) using a bandwidth of 45km. The map shows 
the intensity of fire activity on a 5km grid; we used only high confidential fires to reduce computing time.  

5.2.5 Disaggregation of fire hotspots 

We investigate a number of hypothesized spatial determinants of fire activity for the entire 
country. We thus aggregated all fires from the fire seasons of 2003 to 2010 (because of the 
unreliability of interannual comparisons; see section 5.2.2), excluded fires with low detection 
confidence, and considered only fires within the distinct fire season. Figure 10 shows the 
percentage of the detected fires by elevation and slope gradients. The highest MODIS-recorded 
fire activity is in the medium elevation range between 250m and 750m (~45%) and almost four 
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out of five fires occur below 1,000m.11 Fire activity is not only concentrated in lower altitudes, 
but also on flatter land, as about 70% of all fires are on slopes below six degrees.  

Figure 10 Fire activity by elevation and slope (2003-2010) 
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National Protected Areas (NPA) cover  about  83%  of  the  country’s  land  surface, and 40,000km2 
are protected in total. Figure 11 demonstrates that fire density in the Lao PDR is more than twice 
as high in areas outside of NPAs than inside.12  

Figure 11 Fire density outside and inside of NPAs (2003-2010) 

                                                             
11 Above 1000m the reduced brightness temperatures might hinder detection (Anja Hoffmann, pers. 
comm.). 

12 As indicated in chapter 3 each fire pixel may contain more than one fire. Hence the fire density is 
equivalent to the density of fire pixels, not to the actual density of fires.  
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Figure 12 demonstrates that fire density at provincial level is highest in Oudomxay province, 
followed by Bokeo, Luangprabang and Xayabury (cf. also Figure 9). About 200 fires per 100km2 
were detected with nominal and high confidence in these provinces between 2003 and 2010, 
equivalent to one fire per four square kilometres and year.  

Figure 12 Provincial fire density (2003-2010) 
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Note: The numbers compare well to the intensity map in Figure 9, because 200 nominal confidence fires in 
eight fire years are similar to six high confidence fires in 25km2 for in one year in Figure 9. 

Figure 13 summarizes all nominal and high confidence fires between 2003 and 2010 at the 
district level. The districts with the largest number of fires are in descending order Phiang 
district in Xayaburi province, Houn in Oudomxay, Xaignabouri in Xayaburi, Xanakham in 
Vientiane province, and Nambak in Luangprabang (district names are not indicated in the map).  

Figure 14 shows that the fire density in the Lao PDR is highest in the ecoregion of the Northern 
Thailand-Laos moist deciduous forests that stretches from northern Xayabury to the central part 
of Luangprabang province (see also Figure 3 and Figure 9). As expected, fire density is generally 
higher in the ecoregions to the north of Vientiane. 
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Figure 13 District–level fire density 2003-2010 

Note: The fire counts represent the sum of all fires at the district level at 30% detection confidence.  

Figure 14 Fire density by WWF ecoregions (2003-2010) 
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5.3 Fire activity in Nam Et/Phou Louey and Nam Phouy  

To investigate fire patterns within and around the NPAs of Nam Et/Phou Louey (NEPL) and Nam 
Phouy (NP) we compare fires inside the protected areas with fires in the buffer zone. For Nam 
Et/Phou Louey we use the park boundaries that were updated in field campaigns and kindly 
provided to us by from Wildlife Conservation Society (WCS). The buffer zone is defined as the 
area of all districts that are within a 10km buffer from the park boundaries. It results in three 
districts in NP and in nine districts in NEPL (0). 0 shows relatively high fire activity for 2010 
throughout both areas, but with some notable spatial clusters in the Northern and Eastern areas 
of Nam Phouy buffer zone and in the Eastern and Western portion of NEPL buffer zone. In NEPL, 
fire activity is particularly high just outside the core zone and along the boundary of the 
controlled use and buffer zone.  

Figure 15 Distribution of the 2010 fires for the CliPAD focus areas 

 
Note: We consider only fires detected with 80% accuracy to reduce the number of fires for the sake of a better 
visibility. Each dot on the map may represent more than one fire (see section 3.2.1). The mapped fires 
underestimate the true number of fires and real fire activity is likely significantly higher. The spatial scales 
differ between the maps. 

In Figure 16 we plot the interannual variation of fire activity of nominal and high confidence 
fires (detected with a confidence level higher than 30%) in the protected and buffer zones. We 
calculate the fire pixels per unit area to avoid biases caused by the unequal size of the areas.12 
Figure 16 demonstrates that fire activity is consistently lower within both NPAs than outside 
and this difference seems to be stronger in NP than in NEPL. A second patterns emerging from 
Figure 16 is the presumably lower yearly fire activity in NEPL compared to NP.  
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Figure 16 Interannual variation of fire activity in the CliPAD focus areas 

Note: The controlled use zone and the core zone are aggregated for NEPL. No such distinction exists for NP. . 

Figure 17 summarizes the fire activity for the controlled use zone and the core zone of NEPL. As 
expected, the fire activity is considerably lower in the core zone for all years.  

Figure 17 Fire activity in core zone and controlled use zone of NEPL 

A common feature of Figure 16 and Figure 17 (and of Figure 8 for the entire Lao PDR) is the 
large interannual variation of fire activity. Again, the changes over time have to be treated with 
care due to the incomplete data record (see discussion in chapter 3).  
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6 CONCLUSIONS 

We investigated the MODIS fire hotspot products with respect to their suitability as an input into 
a REDD+ MRV system for the CliPAD programme. We conclude that the integration of the MODIS 
active fire hotspots into MRV can be useful, but necessitates high expertise as well as supporting 
data and analysis.  

We see several reasons for this. First, the MODIS active fires suffer from the incomplete data 
record due to gaps in the overpass timing and the satellite orbit tracks of both Aqua and Terra. A 
gap of one hour is between Terra morning and Aqua afternoon overpass and no overpasses are 
available in the Lao PDR after 2:30pm until shortly before midnight. Both periods are arguably 
crucial for detecting a large share of the vegetation fires in the Lao PDR. A number of fires likely 
only develop sufficient heat later in the afternoon when the vegetation was completely dried 
from the night moisture. The partial mismatch between fire activity and satellite overpass time 
leads to a gross underestimation of vegetation fires. Moreover, a slight deferral of burning 
activities may grossly affect the detection rates. A related, perhaps more theoretical, concern is 
that knowledge of the future overpass timing of the satellite sensors13 may also lead to strategic 
ignitions in order to deliberately avoid detection (though this is arguably quite unlikely for local 
farmers).  

Second, detection accuracy is affected by a variety of additional factors such as the satellite 
viewing angle, cloud cover, and the transient response of the sensor, for example, due to data 
transmission problems. Viewing angle is important, because more saturation is required for 
pixels to be detected as they grow larger further away from nadir. A better understanding of the 
location of pixels in the swath can be obtained by manually comparing them with the satellite 
orbit tracks. Detection accuracy is also affected by a variety of external settings such as local 
weather conditions, in particular cloud cover, at the time of overpass. Weather-induced biases 
can be incorporated in the interpretation of the fire hotspots by including supplementary data in 
the interpretation of the fire records.  

In sum, the gaps in satellite overpass timing, varying detection accuracy, and the influence of 
external conditions affect data and detection quality. This leads to high errors of omission in the 
detection of vegetation fires and to a significant underestimation of the number of vegetation 
fires in the Lao PDR. Both omission and commission errors are likely spatially clustered, because 
the data shortcomings are not uniform across space, thus inducing spatial biases in the fire 
detections. Therefore, we believe that the data is not adequate for monitoring systems that are 
targeted at the local scale, i.e. for site-specific monitoring at Tier 3 level. We do not recommend 
relying on the MODIS fire hotspots to detect changes in vegetation fires at the commune, village 
or plot level. The uncertainties inherent in the data at Tier 3 also conflicts with an analysis of 
interannual variation.  

Nevertheless, the active fire data is a unique and rich source of information that bears value to 
understand the spatial variation of fire activity for larger areas. The data can describe patterns of 
a fire regime over time, if secondary information is used to substantiate intertemporal analysis. 
The inclusion of weather patterns and of the location of fires in the satellite orbit track will 

                                                             
13 Prospective overpass times can be looked up in the internet, for example, at 
http://www.ssec.wisc.edu/datacenter/terra/  

http://www.ssec.wisc.edu/datacenter/terra/
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improve inferences from the fire hotspots and render them a valuable input into monitoring 
vegetation fires at Tier 2. In the case of the Lao PDR, we believe that monitoring at the district is 
possible and statistically sound with auxiliary data,  but  there’s  no  way  for us to prove this with 
the data and information at hand. 

Preprocessing steps help selecting active fires with lower false alarms (such as the definition of a 
fire season and the selection of high confidence fires; see section 4.1) and improve the 
appropriateness of year-to-year comparisons. Still, the hotspot data do not provide a complete 
picture of fire dynamics due to the incomplete sampling and possibly misses out on many fires 
related to vegetation changes. Given the available evidence we surmise that the MODIS active 
fires are not the adequate source of information to assess historical patterns of fire activity. 
Intertemporal comparisons of the fire hotspots require a calibration of the fire hotspots with 
information that affects detections rates such as weather data and position in the satellite orbit 
track. Therefore, the data is unlikely to be very useful to estimate historical baselines that will be 
legitimate, reproducible, and unequivocal.  

Finally, the MODIS active fire hotspots only convey information about fire events. The lack of 
information about the areas affected by fire and the impossibility to estimate burned areas at 
high spatial resolution and including the associated carbon emissions are a major shortcoming 
for REDD+ monitoring. Unfortunately, the MODIS-based burned area product (or any other 
readily available burned area product) does not help with respect to the small vegetation fires 
present in the region, because the minimum mapping unit of the MODIS burned areas is 120ha 
and therefore larger than the fire affected area of most vegetation fires found in Laos. Hence no 
estimates for actual emission levels can be attached to the fire records at Tier 2. To infer on 
biomass changes the data need to be complemented with spectral information of vegetation 
changes and burned areas. The MODIS fire hotspots are a detection and a monitoring tool for 
active fires, and not a measurement tool of the area affected and the associated emissions levels. 

7 OUTLOOK 

The planned lifespan of the MODIS sensors is already over and the sensors may both be coming 
to an end in the near future. The planned successor is the Visible Imaging Infrared Radiometer 
Suite (VIIRS) that will extend the measurement series of the MODIS sensors. The VIIRS will be 
aboard the National Polar-orbiting Operational Environmental Satellite System (NPOESS) that is 
planned to be launched in fall 2011.14 VIIRS will have a higher spatial resolution of 750m for the 
bands required for fire detection (bands 13 and 15 from VIIRS). This will likely increase 
detection capability. Moreover, VIIRS maintains a nearly square pixel size throughout the swath, 
which will limit distortions away from nadir. Finally, VIIRS has a larger swath of 3,000km 
compared to 2,330km for MODIS (Lee et al., 2006). VIIRS therefore offers modest improvements 
in spectral, radiometric and spatial resolution, but no momentous improvement can be expected 
for the detection of small-scale vegetation fires (Chris Justice, pers. comm.). In any case, the 
usefulness of the VIIRS to capture vegetation fires in the Lao PDR will greatly hinge on the 
overpass times of the sensor, which is to the best of our knowledge not established to date. 
Nevertheless the continuation of satellite-based fire detection with a somewhat better 
performance seems secured. 

                                                             
14 http://www.nasa.gov/topics/earth/features/viirs-delivered.html 

http://www.nasa.gov/topics/earth/features/viirs-delivered.html
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Other potential improvements stem from the use of new satellite sensors. One option may be the 
Berlin Infrared Optical System (BIROS) that is planned to be in orbit by 2013. BIROS features 
42m spatial resolution in a swath of 211km and will orbit earth at 560km altitude. The BIROS 
sensor will possess capabilities for global and regional fire monitoring. Because of the estimated 
revisiting time of no less than 20 days, the sensor may allow validating fire information of 
imagery with lower spatial but high temporal resolution. Yet, BIROS will possibly not be very 
useful for an operational fire monitoring system, because of the low revisiting rate that 
generates less than a handful of observations for an entire fire season. In some years no 
observation at all may be available during the peak of the short fire season. For that reason 
BIROS will complement existing sensors in high-resolution burned area mapping and fill 
important cloud-related data gaps, but its use will be largely confined to scientific applications.  

8 RECOMMENDATIONS FOR AN MRV SYSTEM 

The MODIS fire product can not replace on-the-ground monitoring activities at Tier 3 (see 
section 5.1.3). The data record is too uncertain and too patchy to capture vegetation fires in Laos 
at the local level. Moreover, year-to-year variations have to be looked at with great care in 
particular for smaller areas due to a range of problems with sensor characteristics, swath 
position, cloud cover, spatial resolution, and overpass timing. Given these deficiencies the data 
will not suffice for MRV that targets commune, village or even plot level land use changes (Tier 
3) in response to recurrent benefit sharing from emission reduction interventions.  

At the national level (Tier 2) the MODIS active fires can constitute an important ingredient for 
MRV activities, because of the potential value of these data for assessing fire dynamics for larger 
areas. But the use of the fire hotspot data requires considerable training, application experience, 
and local knowledge in order to understand the possibilities and challenges inherent in the data. 
It is important that users of the data have ample experience in interpreting the quality of the 
hotspot data in combination with MODIS image subsets and supplementary information such as 
weather data. In particular, the combination of the fire records with the daily MODIS image 
subsets can provide valuable insights that are necessary to assess gaps in the coverage of fire 
hotspots and the quality of the coverage. Near-real time access to the MODIS imagery subsets for 
the areas of interest will support the timely monitoring by facilitating the interpretation of the 
fire hotspots in relation to contextual land cover data. The transmission of such large quantities 
of data may be achieved by using resources that are available in the region, specifically at the 
Geo-Informatics and Space Technology Development Agency (GISTDA), the national space 
agency of Thailand. Yet, in the future the data transmission will likely be enhanced by 
GEONETCast, 15 a near real-time global network of satellite based data dissemination systems 
that provides environmental data to the user community (Anja Hoffmann, pers. comm.).  

Monitoring the interannual history of vegetation fires will require a thorough understanding of 
the MODIS fire hotspots. The lack of historical secondary data and the complexities involved in 
interpreting the fire hotspots essentially obstructs a retrospective analysis of fire dynamics. 
Thus, the hotspot data will not allow establishing historical baselines. But one interesting 
application in terms of MRV is the analysis of the determinants of year-to-year changes in 

                                                             
15 http://www.earthobservations.org/geonetcast.shtml and 
http://www.eumetsat.int/Home/Main/DataAccess/EUMETCast/SP_20100519114624675?l=en  

http://www.earthobservations.org/geonetcast.shtml
http://www.eumetsat.int/Home/Main/DataAccess/EUMETCast/SP_20100519114624675?l=en
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vegetation fires. Such analysis may allow extracting the contribution of REDD+ benefits for 
changes in vegetation fires. A second promising application of the active fire data is in identifying 
leakage over time and space. Question to be addressed in this regard are if fires occur in areas 
where they should not or if a reduction of fires in one place is accompanied by increasing fire 
activity in other places. Leakage over time can also be monitored by examining, if the reduction 
of vegetation fires in a project area is permanent.  

With the currently available data and information we are unable to make suggestions at which 
spatial scale the bias from the large number of undetected fires and from erroneous detections 
are outweighed by the reduction of the error rate due to a higher number of observations in 
larger areas. To better assess the error rate in relation to the spatial scale, we suggest conducting 
a more rigorous and quantitative accuracy assessment (which was outside the scope of this 
report). This will resolve a number of uncertainties about the value of the MODIS fire hotspots 
for the Lao PDR and their inclusion into MRV. The accuracy assessment should ideally stretch 
across regions with distinct farming systems and natural conditions, but contain a sufficiently 
large sample size per region. One promising strategy is to geolocate actively burning fires during 
the fire season for a comparison with the MODIS active fires. The second-best strategy is to 
geolocate burned areas including, if possible, information about the exact timing of the burning. 
In either case, the cause and the size of a fire, its timing and the duration of the burn should be 
estimated including an indication of the preceding land cover (see a suggestion for the ground 
truth protocol in Table 2 of the Appendix). A thorough accuracy assessment will yield more 
conclusive evidence of the bias caused by the gaps in satellite records and hence of the accuracy 
of the fire records. An accuracy assessment will also help understanding the causes of burning 
and the main time of burning by the locals. It will hence facilitate generating proxy measures of 
how many fires were missed, for example, due to the overpass gap or the location in the scan 
track. It would further allow estimating and reporting the uncertainties in the fire records 
associated with different spatial resolutions. 

A major shortcoming is the inappropriateness of the MODIS active fire locations to indicate the 
location and size of burned areas. The estimation of land use emissions at national, sub-national 
and local level requires the mapping of burned areas at medium to high spatial resolutions, for 
example, using Landsat-type sensors to accurately capture small-scale clearing fires. We are 
sceptical of the value of the fire-affected areas (section 5.2.3) derived from the MODIS hotspots 
to capture the areal extent of the small clearing fires prevalent in the Lao PDR with adequate 
accuracy. With the existing information, the calculations of fire-affected areas (section 5.2.3) is 
not sufficiently accurate for an MRV system that aims tracking the effect of REDD payments at 
sub-national level, because many fires go undetected and because substantial unaffected areas 
are included. Nevertheless, we advise a quantitative evaluation the aptness of the fire-affected 
areas derived from the hotspots data (section 5.2.3) to proxy burned areas mapped in the field at 
a sample of different sites. This can be done either by field mapping of burned areas in 
combination with the accuracy assessment suggested above or by satellite-based detection of 
burned areas from high-resolution imagery.  

In any case, the estimation of fire-related emission levels at the national and sub-national scale 
(Tier 2) with sufficiently low safety margins necessitates the mapping of burned areas from high 
resolution sensors (e.g., ALOS, Landsat, or SPOT). For example, the spatial resolution of Landsat 
allows delineating burn scars as small as 5ha (Ballhorn et al., 2009), which in turn permit fine-
scale comparisons of fire locations with burned areas. High or very high resolution burned area 
mapping is particularly relevant to assess the emissions associated with shifting cultivation 
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systems. Yet, most high-resolution maps are optical, and consequently subject to cloud cover. In 
addition, the data must be acquired soon after the fire event to be credibly attributed to the fire. 
High-resolution imagery is required each time an area needs to be mapped based on a cluster of 
hotspots and this will be prohibitively expensive (Gabriel Eickhoff, pers. comm.). Therefore data 
availability will only allow obtaining an incomplete picture due to the lack of low-cost, cloud-free 
satellite data. In addition, the costs and technical challenges of burned area mapping are high, 
particularly if multiple sensors and large amounts of data need to be analyzed. In the long run, 
satellite remote sensing of forest biomass changes will possibly move towards the use of sensors 
that actively measure radiation such as the RAdio Detection And Ranging (RADAR) and the Light 
Detection And Ranging (LIDAR). RADAR imagery can penetrate clouds, yet their use is complex 
in landscape with rough topography due to shadows (DeFries, 2008, Patrick Hostert, pers. 
comm.). LIDAR allows calculating three-dimensional canopy structure and above-ground 
biomass, yet its acquisition comes at high costs (Asner et al., 2010; Ballhorn et al., 2009; DeFries, 
2008).  

Community-based assessments of forest carbon stocks and changes therein may yield the most 
accurate and cost-efficient results at the village and household level (Tier 3), with little 
discrepancy from expert estimates (Danielsen et al., 2009; GOFC-GOLD, 2009; Skutch et al., 
2009). Community monitoring will be essential to add ground-based evidence to the remotely 
sensed data, and in particular to the fire records. It will as well increase the sense of ownership 
and commitment of communities by ensuring broad community participation in REDD+ 
activities. In addition, it serves obtaining low-cost yet accurate data on land use transitions and 
burned areas, including the proximate and underlying causes of burning. Finally, community 
monitoring may be used to render data estimates more accurate and to reduce uncertainty 
particularly in the case of forest degradation and carbon enhancements (Holck, 2008; Skutch et 
al., 2009).  
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A. APPENDIX 

A.1 Abbreviations 

AIT Asian Institute of Technology 

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer 

CCBA Climate, Community and Biodiversity Alliance 

CMG Climate Modeling Grid 

EVI Enhanced Vegetation Index 

FIRMS Fire Information for Resource Management System 

FRP Fire Radiative Power 

FIS MODIS Fire Information System 

GFIMS Global Fire Information Management System 

GISTDA Geo-Informatics and Space Technology Development Agency 

GHG Greenhouse Gases 

GHG Greenhouse gas 

ha hectare 

IGBP International Geosphere Biosphere Programme 

IPCC Intergovernmental Panel on Climate Change 

KDE Kernel Density Estimation 

KML Keyhole Markup Language 

Lao PDR Lao  People’s  Democratic Republic 

LIDAR LIght Detection And Ranging 

MODAPS MODIS Data Processing System 

MODIS MODerate Resolution Imaging Spectroradiometer 

MRR MODIS Rapid Response 

MRV Monitoring (or Measuring), Reporting, and Verification 

NASA National Aeronautic and Space Administration 

NPA National Protected Area 

NDVI Normalized Differenced Vegetation Index 

NEPL Nam Et/Phou Louey 

RADAR RAdio Detection and Ranging 

REDD Reducing Emissions from Deforestation and Forest Degradation 

REDD+ REDD and enhancement of forest carbon stocks 

UTC Coordinated Universal Time 

http://asterweb.jpl.nasa.gov/
http://www.geoinfo.ait.ac.th/mod14/index.php
http://www.ipcc.ch/
http://de.wikipedia.org/wiki/Normalized_Differenced_Vegetation_Index
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VCS Voluntary Carbon Standard 

VHRI Very High Resolution satellite Imagery 

VIIRS Visible Imaging Infrared Radiometer Suite 

WCS Wildlife Conservation Society 

WMS Web Fire Mapper 

WWF World Wide Fund for Nature 
 

A.2 Glossary 

Aqua NASA satellite that goes from south to north over the equator in the afternoon; 
launched 4 May 2002 

GEONETCast Near real-time global network of satellite based data dissemination systems that 
provides environmental data to a world-wide user community 

GHG GHG cause global climate change. The most important greenhouse gases are CO2, 
CH4, Soot, or N2O. Particularly worrying in terms of shifting cultivation are the 
reduction in XO2 content in the long-term run as well as soot (aerosols or black 
carbon) that is emitted in the incomplete combustion phase 

KML KML is an XML-based language that is used in Google Earth; KML annotates and 
visualizes geographic features on two-dimensional maps and three-dimensional 
geobrowsers 

MODAPS 
 

"Quality assurance" of Level 1B data used to generate the fire product; users are 
encouraged to use MODAPS collection 5 for any historical analysis. 

MODIS Satellite sensor aboard the Earth Observing System (EOS) Terra (EOS AM) and 
Aqua (EOS PM) satellites); provides global coverage every 1-2 days 

MRR Data processed in near-real time (approx 2-4 hours after satellite overpass) 

REDD Effort to compensate developing countries to reduce emissions from forested 
lands  

REDD+ Same as REDD, but includes co-benefits in the REDD mechanisms such as the role 
of conservation, sustainable management of forests and enhancement of forest 
carbon stocks 

Shifting 
cultivation 

Any spatially and temporally cyclical agricultural system that involves clearing of 
land followed by phases of cultivation and fallow periods 

Terra  NASA satellite that goes from north to south across the equator in the morning; 
launched 18 December 1999 
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A.3 Internet links: 

Burned area product http://modis-fire.umd.edu/Burned_Area_Products.html 

CMG http://maps.geog.umd.edu/firms/CMG.htm 

FIS http://www.geoinfo.ait.ac.th/mod14/index.php 

FIRMS http://maps.geog.umd.edu/firms/ 

GFIMS http://www.fao.org/nr/gfims/gf-home/en/  

MODIS Fire Products http://modis-fire.umd.edu/index.html 

MODIS Image Subsets http://maps.geog.umd.edu/firms/subsets.htm 

http://modis-fire.umd.edu/Burned_Area_Products.html
http://maps.geog.umd.edu/firms/CMG.htm
http://www.geoinfo.ait.ac.th/mod14/index.php
http://maps.geog.umd.edu/firms/
http://www.fao.org/nr/gfims/gf-home/en/
http://modis-fire.umd.edu/index.html
http://maps.geog.umd.edu/firms/subsets.htm


A.4 Suggestion for ground truth protocol  

Table 2. Suggestion for ground truth protocol for the MODIS active fire locations 

FIREID Latitude Longitude 

Filename of foto Days since fire Duration of fire Land cover Size of fire Cause of fire 

North East South West 

0=Today 
1=One day ago 
2=2 days ago 
3=3 days ago 
etc.. 
99=Not sure 

start (hh:mm)  
- 

end (hh:mm) 
 

99= Not sure 

1=secondary forest 
(fallow) 
2=old forest 
3=bush,grass 
4=agriculture 
5=paddy 
6=other (specify) 

(estimate 
in hectare) 

1=shifting cultivation 
2=rice straw burning 
3=land conversion  
4=hunting 
5=wildfire 
99=not sure 

10001                       

10002                       

10003                       

…                       
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