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CHAPTER II     

LITERATURE REVIEW 

         

2.1 Tropical Peat Swamp Forest 

Tropical peat swamp forests are the forest that grow on top of flooded areas 

in the acidic conditions of pH 3.5 to 4.0 so that the soil is very lack of nutrient. 

According to Indriyanto (2006), peat swamp forests are found in forest areas 

inundated peaty freshwater in acidic conditions and in which there is a buildup of 

dead plants. As a result of the buildup, peat swamp forests have a 20m depth. 

Tropical peat swamp forests are usually located between swamp forest and tropical 

rain forests. 

 

2.1.1 Ecological Characteristics 

Tropical peat swamp forests are widespread throughout the world such as 

in Latin America, Africa, Asia and the Caribbean. The largest areas are found in 

Southeast Asia. Total area of peat swamp forest in the region as much as 33 million 

hectares. Most amount of about 22 million hectares, located in the lowlands in 

Indonesia. Smaller peat swamp forests are located in Malaysia, Philippines, 

Thailand and Vietnam. Many countries are losing their peat lands in large quantities 

due to forest fire, land conversion, and illegal logging. 

In Indonesia, the tropical peat swamp forests are spread over on the east 

coast of Sumatra, the south coast of Papua, and around the coast and major rivers 

in Kalimantan. The forests is declining due to land conversion and forest fires as a 

major cause of deforestation. 
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Each year, Central Kalimantan and Riau, the two provinces with the largest 

area of peat swamp forest in Indonesia is become the largest hotspots contributor in 

Indonesia and in the world. From 1997 to 2002, 2.2 million hectares of peat swamp 

forest in Central Kalimantan were burnt. 

The vegetation that make up a tropical peat swamp forest ecosystem are the 

evergreen species of plants such as Alstonia spp., Dyera spp., Durio carinatus, 

Palaquium spp., Tristania spp., Eugenia spp., Cratoxylon arborescens, 

Tetramerista glabra, Dactyloeladus stenostachys, Diospyros spp., and Myristica 

spp. In Kalimantan and South Sumatra are often found the Gonystylus spp. The 

characteristics of tropical peat swamp forests are the climate is always wet, 

waterlogged peat soil, peat layer 1-20 m, low flat land, located in West and Central 

Kalimantan, South Sumatra and Jambi (Indriyanto, 2006). 

 

2.1.2 Sebangau National Park 

Sebangau National Park is a nature conservation area in Central Kalimantan. 

With 568,700 hectares area, the park is located between the Katingan River and 

Sebangau River.  All of those rivers including Sebangau National Park also 

scattered in three different administrative regions, in Palangkaraya with 48,270 ha 

area (10 %), in Katingan District with 348,170 ha area (52 %), in Pulang Pisau 

District with 172,260 ha area (38 %). The map of Sebangau National Park is shown 

in Figure 2.1. 

Sebangau National Park was formed on October 19, 2004. Previously, 

Sebangau is a production forest concessions managed by some companies as the 
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timber so that illegal logging is rampant after the end of the concessions. Tropical 

peat swamp forest ecosystems is a primary characteristic of Sebangau National 

Park, it is influenced by the location of the region that lies between Sebangau River 

and Katingan River. The Sebangau National Park topography has < 2 % slope with 

the height of 0-35 meters above sea level. In the middle of the peat swamp 

ecosystem in Bukit Batu, Bukit Bulan, Bukit Kaki and Bukit Akah, the topography 

is steeper with a height of over 35 meters above sea level.  

Sebangau National Park is the protected area due to the presence of 

distinctive species like orangutans, proboscis monkeys, sun bears, Bornean 

gibbons, hornbills, tigers, etc. The area is the remaining peat swamp forest in 

Central Kalimantan after the failure of Mega Rice Project in 1995. The project’s 

aim was to convert one million hectares of peat-swamp forest in southern 

Kalimantan into rice paddies. Irrigation canals were built. But, the project failed 

and was abandoned after it had considerably damaged the environment. Forest 

cover decreased from 64.8 % in 1991, before the project was initiated, to 45.7 % in 

2000. The canals drained out the water from the naturally waterlogged peat-swamp 

forests, leaving them susceptible to fires that continue to break out on an immense 

scale, destroying forests and crops, killing wildlife, and producing dangerous haze 

that is impacting air quality regionally and beyond. 

Based on the results of field research by LIPI Botanical (2007) note that 

Sebangau National Park has 809 species of flora, which includes 128 families        

(16 of them have not been identified). As for the types of flora that is typical among 

others : Ramin (Gonystylus bancanus), Jelutong (Dyera costulata), Red Balau 
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(Shorea balangeran), Bintangur (Calophyllum scerophyllum), Meranti (Shorea 

spp.), Nyatoh (Palaquium spp.), Agatis (Aghatis spp.), Keruing (Dipterocarpus 

spp.) and Menjalin (Xanthophyllum spp.). 

The results of observations conducted by Palangkaraya University’s 

CIMTROP (2002) stated that in this region can be found 35 species of mammals 

and 13 of them have been identified as almost extinct species such as : bornean 

gibbons (Hylobates muelleri), hornbills, tigers, proboscis monkeys (Hylobates 

agilis), orangutans (Pongo pygmaeus), beruk (Macaca namestrina), kelasi or red 

leaf monkeys (Presbytis rubicunda), sun bears (Helarctos malayanus), clouded 

leopards (Neofelis nebulosa), leopard cats (Felis bengalensis), marbled cats (Felis 

marmorata), flat-headed cats (Felis planiceps), binturong (Arctictis binturong), 

small-tooth palm civet (Arctogalidia trivirgata), squirell (Exilisciurus axilis) and 

painted treeshrew (Tupaia picta). 

The types of reptiles that have been identified include phyton (Python 

reticulatus), masked water snake (Homalopsis buccata), red-tailed pipe snake 

(Cylindropsis rufus), equatorial spitting cobra (Naja sumatrana), vine snake 

(Ahaetulla prasina), biawak or water monitor (Varanus salvator), Amboina box 

turtle (Cuora amboinensis) and spiny turtle (Heosemys spinosa). Sebangau 

National Park region is frequently encountered by several type of birds : hornbill, 

oriental darter (Anhinga melanogaster), purple heron (Ardea purpurea), etc. 

Sebangau National Park is also rich in fish species, such as papuyu (Anabas 

testudineus), gabus or snakehead (Channa striata), sembilang (Plotusus canius), 

etc., so it is being the main sources for local economy, especially for protein source.  
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Figure 2.1.  

Sebangau National Park Location 

 

 

2.2 Remote Sensing 

2.2.1 Definition of Remote Sensing 

Remote sensing is the art and science to gain information about an object, 

area or phenomenon through analysis of the data obtained by using the tool without 
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any direct contact with the object, area or phenomenon under study (Lillesand and 

Kiefer, 1979). 

The tools are sensors taken by spacecraft such as satellites, aircraft, and 

other spacecrafts. The recording results by a device carried by the aircraft is referred 

as remote sensing data. Lindgren (1985 in Sutanto, 1987) revealed that remote 

sensing is a variety of techniques developed for the acquisition and analysis of 

information about the Earth. These informations are specialized form of 

electromagnetic radiation reflected or emitted from the earth's surface. 

From the opinion of some experts in the above it can be concluded that 

remote sensing consists of three main components: the object, sensor to record the 

object, and the electronic wave reflected or emitted by the Earth's surface. The 

interaction of these components generate the remote sensing data which then can 

be determined through a process of interpretation of object types or phenomena 

existing area. Remote sensing can be presented in the Figure 2.2 below : 

 

Figure 2.2.  

Remote Sensing Systems 
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2.2.2 Characteristics of Remote Sensing Data 

There are three characteristics of remote sensing data : 

1. Spatial resolution is the smallest area can be recorded by sensor. For 

example MODIS image used in this research has 500 m spatial 

resolution. MODIS’s spatial resolution ranges between 250-1000m. 

2. Spectral resolution. Remote sensing data recorded on the specific 

range of wavelength. Each of these satellites typically carry more than 

one type of sensors where each sensor has the capability to record the 

range specified wavelength. 

3. Temporal resolution is the time interval required by the satellite to 

record the same area (Guntara, 2013). Temporal resolution specifies 

the revisiting frequency of a satellite sensor for a specific location. 

Satellite imagery can record an area repeatedly in a certain time, for 

example MODIS can do the re-recording of the area after a lapse of a 

day (daily), 8 days, 16 days, a month (monthly), 3  months (quarterly) 

and a year (yearly). 

 

2.2.3 Basic Physics For Remote Sensing 

There are three basic kinds of systems are available for remote sensing from 

aerial or satellite observations : 

 Photos of the visible spectrum. 

 Optical-mechanical tracker from ultraviolet to infrared waves. 

 Short wave (microwave) 
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They are usually in the process to produce a show or two-dimensional 

images. Radar that contrasts to the energy of a similar wave beam emitted from the 

Earth is an active system on short-wave frequencies where sufficient energy is 

produced and directed the aircraft to the ground. Radar signals reflected back and 

captured by special antennas for certain wavelengths. The radar advantage is not 

dependent on the weather and diurnal conditions. Several wavelengths that used in 

remote sensing can be shown in Figure 2.3. 

 

Figure 2.3.  

Waves Used in Remote Sensing 

 

Principles of remote sensing is that each object has different characteristics 

in reflects the different energy, it is influenced by the type of filter and the 

wavelength used, the condition of the surface, and the object itself. Here is the 

reflection curve of the object ground, grass, and water, which is often used for 

guidance in the selection of the channel that will be used for the object to be studied 

(Figure 2.4). 
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Figure 2.4.  

The Strength of Reflection and Radiation of Electromagnetic Waves from Plants, 

Earth, and Water in Each Wavelength 

 

2.2.4 Spectral Characteristics to Vegetation 

Spectral reflectance characteristic of vegetation is affected by the leaf 

pigment content, organic material, water and leaf structural characteristics such as 

leaf shape and leaf area (Huete and Glenn, 2011). Spectral reflectance 

characteristics of vegetation can be divided into two parts, namely the visible 

spectrum (0.4 – 0.7 µm) and the near-infrared spectrum (0.7 – 1.1 µm). 

In the visible spectrum, vegetation has a relatively low reflectance values in 

the blue and red spectrum with minor peaks in the green spectrum (Mather, 2004). 

The low spectral reflectance in the blue and red spectrum is due to vegetation 

absorbs a lot of energy on the second spectrum. Energy in the spectrum used for 

photosynthesis activity in leaves (Song, 2011). The amount of energy absorbed in 

both the spectrum reaches 70 % to 90 % of the total energy that comes to the surface 

of the leaf.  
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The relatively lower spectral reflectance in the blue and red spectrum than 

in the spectrum of green, give the green color visualization effect on the leaf. Leaves 

appear green to the eye, because the eye's ability to capture the electromagnetic 

spectrum is in the visible spectrum alone. Spectral reflectance increased 

dramatically in the spectral range between 0.65 to 0.76 µm. Zone of spectral range 

at spectral vegetation pattern is referred to as the red boundary points (red edge 

point). The pattern of spectral in several types of vegetation is shown in Figure 2.5. 

 

Figure 2.5.  

The Pattern of Spectral in Several Types of Vegetation (Elachi, 2006) 

 

 

In the near infrared spectral range, which is also the second part of the 

characteristic spectral patterns of vegetation, have a relatively high spectral 

reflectance. The high spectral reflectance is ranged between 0.76 – 1.35 µm. In the 
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range of 1.35 - 2.5 µm, spectral reflectance is influenced by the internal structure 

of the leaf.  

 

2.2.5 Vegetation Index 

Vegetation index is a value derived from a combination of several specific 

spectral bands of remote sensing imagery. It derives from wave energy emitted by 

vegetation in remote sensing image to show the size and quantity life of a plant. 

Plants emit and absorb the unique waves this situation can be attributed to the wave 

emission from other objects so as to distinguish between vegetation and objects 

other than vegetation (Horning, 2004). 

Plant life absorbs red and blue visible wave and reflects green wave, because 

of that, the human eye sees the leaves of the healthy plant is green. But there is one 

other type of wave that is also reflected by the plants beside the green waves, but 

these waves can not be seen by the eye (invisible), this wave is a near infrared wave 

(CCRS, 2007).  

 

a. Normalized Difference Vegetation Index (NDVI) 

The most widely used vegetation index is Normalized Difference 

Vegetation Index (NDVI). NDVI is the division of the waves reflected by 

vegetation with the wave absorbed by the plants which are near infrared and visible 

red waves, and also the addition and reduction of each wave is a normalization of 

irradians (Shorts, 2006). NDVI has the efficacy to predict the surface characteristic 
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when the vegetation canopies are not too tight and not too infrequently (Liang, 

2004). NDVI algorithms (Landgrebe, 2003) described as follows:  

 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑅

𝑁𝐼𝑅+𝑅
                                            (1) 

 

Here : 

NDVI = Normalized Difference Vegetation Index value 

NIR    = Value of the channel spectral Near Infrared 

R        = Value of the channel spectral Red 

 

b. Enhanced Vegetation Index (EVI) 

EVI algorithm is formulated to increase the NDVI algorithms and intended 

for processing on the image of MODIS vegetation index. This algorithm is similar 

to the NDVI algorithm with the addition of formulations for radiometric correction 

of atmospheric effects and disruption of the canopy. Enhanced Vegetation Index 

(EVI) was developed using reflectance values of blue, red and near infrared bands 

(Huete et al. 1997).  EVI directly adjusts the reflectance in the red band as a function 

of the reflectance in the blue band (ρblue), accounting for residual atmospheric 

contamination (e.g., aerosols) and variable soil and canopy background reflectance 

(Huete et al. 1997). EVI algorithm (Horning, 2010) described as follows : 

 

EVI = G ×
NIR−R

NIR+C1×R−C2×B+L
                                (2)                    
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Here : 

EVI        = Enhance Vegetation Index value 

G            = Gain Factor, G = 2.5 

NIR        = Value of the channel spectral Near Infrared 

R            = Value of the channel spectral Red 

B            = Value of the channel spectral Blue 

C1          = Atmospheric Aerosol Resistance, C1 = 6 

C2          = Atmospheric Aerosol Resistance, C2 = 7.5 

L = Canopy Background Brightness Correction Factor  

  

2.2.6   Vegetation Photosynthesis and Respiration Model (VPRM)  

Gross Primary Productivity (GPP) is total carbon assimilated by vegetation 

(Ibrahim, 2006). In the calculation using remote sensing, there are many proven 

methods used to calculate GPP. One method that can be used is VPRM (Vegetation 

Photosynthesis and Respiration Model). VPRM is the development of Vegetation 

Photosynthesis Model (VPM) (Xiao et al. 2004a, Xiao et al. 2004b). 

In VPRM, leaf or canopy forest is divided into 2 parts, Photosynthetically 

Active Vegetation (PAV, chloroplasts) and Non-Photosynthetic Vegetation (NPV, 

mostly leaves, branches and stems). Forest GPP is affected by solar radiation (PAR) 

absorbed by Photosynthetically Active Vegetation. 

Therefore, forest canopy fraction of absorbed PAR (FAPAR) should be 

partitioned into two components because the presence of NPV has a significant 

effect on FAPAR at the canopy level. In forests with a leaf area index of < 3.0, NPV 
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(stem) increased canopy FAPAR by 10 – 40 % (Asner et al. 1998). Within a green 

leaf, there is some proportion of non photosynthetic components (e.g., primary, 

secondary and tertiary veins, cell walls), dependent upon leaf type and leaf age. 

 

𝐹𝐴𝑃𝐴𝑅 = 𝐹𝐴𝑃𝐴𝑅𝑃𝐴𝑉 + 𝐹𝐴𝑃𝐴𝑅𝑁𝑃𝑉           (3) 

 

Vegetation Photosynthesis and Respiration Model (VPRM) (Mahadevan et 

al., 2008) as the development of VPM model use the PAR0 as the additional 

parameter. The estimation of GPP with VPRM is using this equation : 

 

𝐺𝑃𝑃 = 𝜀 ×
1

1+𝑃𝐴𝑅/𝑃𝐴𝑅0
× 𝐹𝐴𝑃𝐴𝑅𝑃𝐴𝑉 × 𝑃𝐴𝑅          (4) 

Here : 

GPP = Gross Primary Productivity (gC/m2/year) 

𝜀 = light use efficiency, total solar radiation (µmol CO2 

/µmol PAR) 

PAR = Photosynthetically active radiation, the amount of solar 

radiation that can be absorbed by vegetation (µmol/m
2
/s) 

𝑃𝐴𝑅0 = adjustable parameters for description of the light-

dependent part of Net Ecosystem Exchange, with values 

derived below from tower flux data 

FAPARPAV = fraction of PAR absorbed by PAV (Photosynthetically 

Active Vegetation; chloroplast) 
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Some spectral bands in MODIS sensor are sensitive to leaf and canopy 

water content as well as soil moisture (Hunt et al. 1987, Hunt and Rock 1989, Gao 

1996, Serrano et al. 2000, Ceccato et al. 2001, Ceccato et al. 2002a, Ceccato et al. 

2002b, Xiao et al. 2002a, Xiao et al. 2002b, Roberts et al. 2003). Some water-

oriented vegetation indices were developed for characterization of leaf and canopy 

water content, e.g., Land Surface Water Index (LSWI, (Xiao et al. 2002a, Xiao et 

al. 2002b)). 

 

𝐿𝑆𝑊𝐼 =
𝜌𝑛𝑖𝑟−𝜌𝑠𝑤𝑖𝑟

𝜌𝑛𝑖𝑟+𝜌𝑠𝑤𝑖𝑟
            (5) 

 

Here : 

LSWI     = Land Surface Water Index value 

NIR        = Value of the channel spectral Near Infrared 

SWIR     = Value of the channel spectral Shortwave Infrared 

 

Light use efficiency (ε) is affected by air temperature, water and leaf phenology. 

1. Tscale is estimated at each time step, using the equation developed for 

the Terrestrial Ecosystem Model (Raich et al. 1991) : 

 

  𝑇𝑠𝑐𝑎𝑙𝑒 =
(𝑇−𝑇𝑚𝑖𝑛)(𝑇−𝑇𝑚𝑎𝑥)

[(𝑇−𝑇𝑚𝑖𝑛)(𝑇−𝑇𝑚𝑎𝑥)]−(𝑇−𝑇𝑜𝑝𝑡)2
          (6) 

 

Tmin, Tmax and Topt are the minimum, maximum and optimal air 

temperature for photosynthetic activities. 
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2. Wscale, the water effect on plant photosynthesis, has been estimated as 

a function of soil moisture and/or water vapor pressure deficit (VPD) in 

a number of Production Efficiency Model (PEM) (Running et al. 2000). 

 

𝑊𝑠𝑐𝑎𝑙𝑒 =
1+𝐿𝑆𝑊𝐼

1+𝐿𝑆𝑊𝐼𝑚𝑎𝑥
                                 (7) 

 

LSWImax is the maximum LSWI at the plant-growing season for 

individual pixels. 

 

3. Pscale, the effect of leaf phenology on photosynthesis, is defined by 

vegetation types (Xiao et al. 2004a, Xiao et al. 2004b). For deciduous 

vegetation and grasslands, Pscale is calculated as a linear function of 

LSWI from bud burst to leaf full expansion with the formula 

(Mahadevan et al., 2008) as follows : 

 

𝑃𝑠𝑐𝑎𝑙𝑒 =
1+𝐿𝑆𝑊𝐼

2
                      (8) 

 

Meanwhile, for evergreen forest, Pscale is assumed to be 1 for the whole 

year.  
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FAPARPAV is estimated as a linear function of EVI with the following equation 

(Xiao et al. 2004a, Xiao et al. 2004b) : 

 

𝐹𝐴𝑃𝐴𝑅𝑃𝐴𝑉 = 𝑎 × 𝐸𝑉𝐼           (9) 

where  is a coefficient for the linear function. 

 

2.3 Characteristics of MODIS 

Moderate-resolution Imaging Spectroradiometer (MODIS) is a payload 

scientific instrument launched into Earth orbit by NASA in 1999 on board the Terra 

or formerly known as EOS (Earth Observing System) AM Satellite, and in 2002 on 

board the Aqua or EOS (Earth Observing System) PM satellite. The instruments 

capture data in 36 spectral bands ranging in wavelength from 0.4 µm to 14.4 µm 

and at varying spatial resolutions (2 bands at 250 m, 5 bands at 500 m and 29 bands 

at 1 km). Together the instruments image the entire Earth every 1 to 2 days.  

They are designed to provide measurements in large-scale global dynamics 

including changes in Earth's cloud cover, radiation budget and processes occurring 

in the oceans, on land, and in the lower atmosphere. Three on-board calibrators (a 

solar diffuser combined with a solar diffuser stability monitor, a spectral 

radiometric calibration assembly, and a black body) provide in-flight calibration. 

MODIS specifications is described on the Table 2.1  

 

 

 

http://en.wikipedia.org/wiki/Payload_(air_and_space_craft)
http://en.wikipedia.org/wiki/Earth_orbit
http://en.wikipedia.org/wiki/NASA
http://en.wikipedia.org/wiki/Terra_(satellite)
http://en.wikipedia.org/wiki/Aqua_(satellite)
http://en.wikipedia.org/wiki/Î�m
http://en.wikipedia.org/wiki/Cloud_cover
http://en.wikipedia.org/wiki/Radiation_budget
http://en.wikipedia.org/wiki/Black_body
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Table 2.1.  

General Specifications of MODIS (NASA) 

 

Orbit : 705 km, 10:30 am. descending node (Terra) or 1:30 pm 

ascending node (Aqua), sun-synchronous, near-polar, 

circular 

Scan Rate : 20.3 rpm, cross track 

Swath 

Dimensions : 

2330 km (cross track) by 10 km (along track at nadir) 

Telescope : 17.78 cm diameter, off-axis, afocal (collimated), with 

intermediate field std 

Size : 1.0 x 1.6 x 1.0 m 

Weight : 228.7 kg 

Power : 162.5 W (single orbit average) 

Data Rate : 10.6 Mbps (peak daytime); 6.1 Mbps (orbital average) 

Quantization : 12 bits 

Spatial 

Resolution : 

250 m (band 1-2) 

500 m (band 3-7) 

1000 m (band 8-36) 

Design Life : 6 years 

 

 

MODIS instrument provides high radiometric sensitivity (12 bit) in 36 

spectral bands ranging in wavelength from 0.4 µm to 14.4 µm (NASA, 2014). Two 

bands are imaged at a nominal resolution of 250 m at nadir, with five bands at 500 

m, and the remaining 29 bands at 1 km. A ±55-degree scanning pattern at the EOS 

orbit of 705 km achieves a 2,330-km swath and provides global coverage every one 

to two days. The MODIS band characteristics can be seen in Table 2.2.  
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Table 2.2.  

Characteristics of MODIS Bands 

 

Primary Use Band Bandwidth1 Spectral 

Radiance2 

Required 

SNR3 

Required NE 

(delta)T(K)4 

 

Land/Cloud/Ae

rosols 

Boundaries 

1 620-670 21.8 12  

2 841-876 24.7 201  

Land/Cloud/Ae

rosols 

Properties 

3 459 – 479 35.3 243  

4 545 – 565 29.0 228  

5 1230 - 1250 5.4 74  

6 1628 - 1652 7.3 275  

7 2105 - 2155 1.0 110  

Ocean Color/ 

Phytoplankton/ 

Biogeochemist

ry 

8 405 – 420 44.9 880  

9 438 – 448 41.9 838  

10 483 – 493 32.1 802  

11 526 – 536 27.9 754  

12 546 – 556 21.0 750  

13 662 – 672 9.5 910  

14 673 – 683 8.7 1087  

15 743 – 753 10.2 586  

16 862 – 877 6.2 516  

Atmospheric 

Water Vapor 
17 890 – 920 10.0 167  

 18 931 – 941 3.6 57 18 

 19 915 – 965 15.0 250 19 

Surface/Cloud 

Temperature 

20 3.660-3.840 0.45(300K)  0.05 

21 3.929-3.989 2.38(335K)  2.00 

22 3.929-3.989 0.67(300K)  0.07 

23 4.020-4.080 0.79(300K)  0.07 

Atmospheric 

Temperature 

24 4.433-4.498 0.17(250K)  0.25 

25 4.482-4.549 0.59(275K)  0.25 

Cirrus Clouds 

Water Vapor 

26 1.360-1.390 6.00  150(SNR) 

27 6.535-6.895 1.16(240K)  0.25 

28 7.175-7.475 2.18(250K)  0.25 

Cloud 

Properties 
29 8.400-8.700 9.58(300K)  0.05 

Ozone 30 9.580-9.880 3.69(250K)  0.25 

Surface/Cloud 

Temperature 

31 10.78-11.28 9.55(300K)  0.05 

32 11.77-12.27 8.94(300K)  0.05 

Cloud Top 

Altitude 

33 13.185-13.485 4.52(260K)  0.25 

34 13.485-13.785 3.76(250K)  0.25 

35 13.785-14.085 3.11(240K)  0.25 

36 14.085-14.385 2.08(220K)  0.35 
1 Bands 1 to 19 are in nm; Bands 20 to 36 are in µm 
2 Spectral Radiance values are (W/m2 -µm-sr) 
3 SNR = Signal-to-noise ratio 
4 NE(delta)T = Noise-equivalent temperature difference  

Note: Performance goal is 30-40% better than required 
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The advantage of using MODIS data is the availability of a suite of products 

ranging from raw images to highly processed products such as vegetation indices. 

The data are made on varying temporal schedules, some of which are made as often 

as daily and every 8 days.  

MODIS data are organized into different processing levels. Level 0 products 

are raw digital number images. The level 0 data are subsequently split into granules, 

and an Earth location algorithm is employed to add geodetic position information 

to each MODIS granule. Level 1A product contains geodetic information, such as 

latitude, longitude, height, satellite azimuth angle, and solar azimuth angle 

(Nishihama et al. 1997). Level 1A data are further processed to generate level 1B 

product which contains calibrated radiance for all bands and surface reflectance 

values for selected bands). Additional information such as data quality flags and 

error estimates are also provided. The MODIS level 1B data are still considered to 

be instrument data. 

The data are used primarily as input to derive higher-order MODIS 

geophysical products (level 2-4). For example, Level 2G is a gridded product that 

stores level 2 data in an Earth-based uniform grid system. Level 3 data provide an 

estimation of optical or biophysical variables for each grid element for predefined 

spatial and temporal resolutions (e.g., daily, 8-days, and monthly). Algorithm for 

level 3 products often include spatial resampling, averaging, and temporal 

composition. Level 4 data are generated through a variety of algorithms, models, 

and statistical methods (Weng, 2011). The MODIS data levels is shown in Table 

2.3. 
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Table 2.3.  

MODIS Data Level 

 

Level 0 

 

 

Level 0 data are unprocessed instrument at full resolution. Any artifacts of 

the communication (e.g. synchronization frames, communication headers) 

of these data from the spacecraft to the ground station have been removed. 

These data are the most raw format available, and are often not provided to 

end users. 

Level 1A Level 1A data are reconstructed, unprocessed instrument data at full 

resolution, time-referenced and annotated with ancillary information 

including radiometric and geometric calibration coefficients and geo 

referencing parameters computed and appended but NOT applied to the 

Level 0 data. 

Level 1B The data are Level 1A data that have had instrument/radiometric 

calibrations applied 

Level 2 Consist of derived geophysical variables at the same resolution as the 

source Level 1 data 

Level 3 Level 3 data are the derived geophysical variables binned/mapped to a 

uniform space/time grid scale. 

 Binned 

Each Level 3 binned data product consists of the accumulated data for all 

L2 products, for the specified instrument and resolution, corresponding to 

a period of time (e.g. daily, 8 days, monthly, etc.) stored in a representation 

of a global, equal-area grid cells or "bins". 

Mapped 

The Level 3 Standard Mapped Image (SMI) products are image 

representations of binned data products. This image is typically a scaled 

value (16bit), two-dimensional array of an Equidistant Cylindrical 

projection of the globe. The original SMI definition was a 9.2km (at the 

equator) resolution product, although other resolution maps can (and are) 

created. 

Level 4 Level 4 data are model output or results from analyses of lower level data 

(e.g., variables derived from multiple measurements).Ocean Primary 

Productivity is a good example of a Level 4 product. 

http://oceancolor.gsfc.nasa.gov/DOCS/ocformats.html#3
http://oceancolor.gsfc.nasa.gov/DOCS/ocformats.html#5
http://oceancolor.gsfc.nasa.gov/DOCS/ocformats.html#6
http://science.oregonstate.edu/ocean.productivity/
http://science.oregonstate.edu/ocean.productivity/

