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3. Review of GIS and RS 

 

The formulations and methods of weather 

model problem will be continually improved 

by the accumulations of new information 

and technology about mechanism 

underlying atmospheric processes and 

computer sciences.  The improving 

technologies that can be used as tools for 

weather model problem are geographic 

information system (GIS), remote sensing 

(RS), numerical techniques and information 

technology (IT). 

 

3.1. Geographic Information System 

Geographic information system (GIS) is a 

special type of information system.  It gives 

information about what kind of object and 

where’s the object placed on the earth 

surface.  Therefore, GIS need input data to 

develop or generate information. According 

to Aronoff (1991), there are five types of 

data entry system commonly used in GIS: 

keyboard entry, coordinate geometry, 

manual digitizing, scanning and the input of 

existing digital files. To get spatial data, we 

can use three methods - digitizing, scanning 

and importing satellite imagery. The data in 

the GIS divided into two types – spatial data 

and attribute non-spatial data. The spatial 

data represent the geographic location of 

features.  Points, lines, and areas were used 

to represent geographic location like a 

street, a lake, and a forest stand.  Non-

spatial attribute data provide descriptive 

information like name of a area, value of 

weather elements.  

3.1.1. Database building and data 

display 

Data is very important component in GIS.  

Therefore, we must learn about anything of 

the data, especially the database system.  

The good data is the data that has good 

quality, clear and systemic.  The type of 

data can be divided into two types: 

� Discrete data; its means separate and 

distinct, data is discrete if only a finite 

number of possible (Gibeau, 1999).  

Polygon, lines and point can represent 

the discrete data. 

� Continuous data; Some real-world 

features exist every way and vary 

continuously over the earth surface like 

as a elevation, rainfall, vegetation, soil 

type etc.  

In GIS, often using all type and mode of data 

especially the spatial data.  The mode of 

spatial data can be divided into three 

modes.  First, spatial data which explain 

about variation from place to place.  The 

second is the temporal data, which has 

variation from time to time. And the last 

one mode of data is thematic data; it is 

variation from one characteristic to 

another.  So that, all type and mode of the 

data have to has a good quality.  

According to Aronoff (1991) the 

characteristic that affects the usefulness of 

data can be divided into 9 components.  

These have been grouped into three 

categories: micro level component, macro 

level component and usage component.   

Micro level component contain positional 

accuracy, attribute accuracy, logical 

consistency and resolution.  Gibeau (1999) 

explain about positional accuracy, it is 

expected deviance in the geographic 

location of an object in the data set from its 

true ground position.  Then about attribute 

accuracy, it is the non-spatial data linked to 

location may also in accurate or imprecise.  

About logical consistency, Aronoff (1991) 

said the logical consistency refers to how 

well logical relations among data elements 

are maintained and the resolution of the 

data set is the smallest discernable unit or 

the smallest unit represented. 

The macro level components discuss about 

completeness, time and lineage.  The 

completeness of coverage is the proportion 

of data available for the area of interest. 

Then time is a critical factor in using many 

types of geographic information.  According 

to Aronoff (1991), the time aspect of data 

quality is most commonly reported as the 

date of the source material.  For geographic 

information, time changes relatively quickly 

over time, the date acquisition may be a 

very important attribute.  The last one of 
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macro level component is lineage.  The 

lineage of the data set is its history, the 

source data and processing steps used to 

produce it. 

Accessibility and direct-indirect costs are 

components in the usage component.  

Aronoff (1999) said about the usage 

components of the data quality are specific 

to the resources of the organization.  

Accessibility refers to the ease of obtaining 

and using data. 

3.1.2. GIS Analysis 

Geographic information system can analyze 

the fact of real word.  According to Aronoff 

(1991), distinguishes a GIS from other types 

of information system are its spatial analysis 

functions.  These functions use the spatial 

and non-spatial attribute data in the GIS 

database to answer about the real world. 

Therefore, GIS can be used as model of the 

system, especially spatial model.  Spatial 

model is simplified of the spatial system, 

use to understand about the fact in the 

system and description of the relationship 

between components in the system. 

According to Gibeau (1999), three main 

questions to be make the GIS analysis: 

� What are the data? It question has the 

means what is the information currently 

stored in the database. 

� What is the pattern in the data?  This 

questions to search for a set of features 

a particular set of characteristic.   

� What could the data be? This question 

is very necessary if we will build the 

spatial model for GIS.   

So, those three questions can be answered 

by GIS and the answers are storage and 

retrieval, query and modeling. 

GIS analysis is the art and science, learn 

how to combine the analysis functions of 

particular system and to provide the 

required information using the available 

data (Gibeau, 1999).   

The GIS analysis functions can be divided 

into four categories, they are: 

� Maintenance and analysis of the spatial 

data 

� Maintenance and analysis of the 

attribute data 

� Integrated analysis of spatial and 

attributes data 

� Output formatting 

Based on the definitions of GIS analysis and 

fourth category function in the GIS analysis 

we can make the GIS model to get the 

purpose that we want.   

The operational of building GIS model was 

provided by several computer software (e.g. 

ArcView method).   With computer 

software, it’s easier to make the GIS model.  

So many available operational methods 

were used in GIS analysis.  For example to 

importing data, layer overlay, buffering 

spatial data, selected and query the data 

(including the calculate), selected area to 

classification and how to represent the GIS 

analysis easier to understand by users. 

3.1.3. Image and spatial analysis overview 

Input data into a GIS come from many 

sources.  Those data sources are remote 

sensing data (image), aerial photographs, 

GPS, digitizing, scanning and database 

information.  Each of all the data has the 

type data characteristic and can be divided 

two; vector and raster data.   

Remote sensing has long been used in map 

production.  Now, most of the spatial data 

used in GIS are produced with remote 

sensing technology.  For example, according 

to Stan (1991) the information presented on 

standard topographic maps is generated by 

photogrammetric means using 

stereoplotters to map elevation contours, 

natural and cultural (building) features.  The 

data from satellite imagery has specific 

format data set and in GIS method that kind 

of data cannot always directly to read.  The 

images are often converted to a format 

directly readable by the GIS software such 

as BIL (Band Interleavened by Line) format 

(Gibeau, 1999).  This format generally 

requires the presence of header file.  The 

header file contains information about the 

image.  It helps us to manage and use the 

image as we want.  In header file can be 

found describing the raster data.  

The type of data from image is raster data, 

and it have to be converted to grid data.  A 
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grid theme data comprise of row and 

columns. The grid data can be composed as 

integer or floating-point grid data sets.  

Integer grid data has an associate table that 

stores the list of unique cell value in 

themes.  Whereas floating-point grid data 

sets represent continue values. 

According to ESRI (1998), the spatial 

analysis, works and creates grid data set.  A 

grid data set is stored in a directory and it’s 

called a workspace.  Each grid data set is 

stored in a spare directory with associated 

tables and files that contain specific 

information about the grid.   

3.1.4. Surface Modeling and Analysis 

Using Grid Models 

Geography information system is often used 

to analyze the surface of land, especially if 

the project using the continuous data like as 

elevation, rainfall, slope etc.  According to 

Gibeau (2000), surface is used to represent 

continuous spatial phenomena and only 

continuous data source may be modeled as 

a surface.  The characteristic of surface 

must have z coordinate value for each of 

location or area study.  In fact, z value can 

represent about elevation, rainfall density, 

distribution of slope and others.   

Surface has many uses like as slope, 

visibility study, contouring, shaded relief 

mapping, 3D perspective viewing, surface 

area and length, volumetric analysis, 

surface profiling, view shed analysis and 

make the viewer as VRML surface.  Using 

surface we also create draping with image 

dataset such as SPOT or Landsat TM.  For 

GIS applications, surface is very important.  

For example in climate subject, we make 

analysis the rain density with influences by 

topography or rainfall causing by mountain 

break.  In climate, this fact is orographyc 

rain.   

When we create GIS project to natural 

resources study we need information about 

situation of surface.  This information was 

built from third-dimensional function. It’s 

used only for continuous data like as rain, 

elevation, slope etc.  So, surface can be 

defining as presentation continuous spatial 

phenomena.   

As third-dimensional function, surface can 

be presented into xyz coordinate, because if 

we will build the project based on surface 

we must be sure about our entity of GIS 

data or shape contains the height attribute 

as X-axis.  Many continuous data can be 

presented using XYZ coordinate.  For 

example, distribution of temperature on the 

land surfaces area, contour, rain or other.  X 

and Y-axis may present about point or 

location and Z is subject value.  On the real 

world, X and Y are coordinate values as 

function from latitude and longitude and Z 

is continuous data value.  Figure 2.1 as 

shown coordinate system used for surface. 

 

Ya

Xa

Za
(Xa,Ya,, Za)

Ya

Xa

Za
(Xa,Ya,, Za)

 

Figure 2.9.  The coordinate system may use 

into surface process 

 

Using surface can create differential 

information as surface function.  From 

surface data can create some terminology 

like as Digital Elevation Model (DEM), Digital 

Terrain Model (DTM), Lattice or Grid and 

Triangulation Irregularly Network (TIN).  

Especially, for DEM and DTM we should 

have the information about height or 

elevation for attribute in the database of 

shape or coverage as Z value.  The value of 

elevation can be presented as a grid of 

points distributed through the area or we 

often called as a raster form organization.  

DEM and DTM often used for topography 

analysis as geology, agriculture subject or 

other.   

a. Grid definitions 

Grid is the one of all data providing for 

digital terrain or elevation model, otherwise 

also another continuous data.  The data 

have grid format.  According to Gibaeu 
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(2000), a grid defined geographic space as a 

matrix of identically sized square cells.  Each 

of cells holds a numeric value that measures 

geographic attribute for that unit of space.  

For example, elevation data value will store 

for each set of regularly spaced ground 

positions, so that each data point represent 

the elevation of the grid cell in which each 

of location. It’s often called Digital Elevation 

Model (DEMs).   

The value each of cell will give assign with 

color of cell (often in ArcView method) or 

line (Surfer method) when the grid had 

been drawing.  Smaller distance between 

point will give more detail figure or model 

convey, because when interpolation 

process to fill the blank space will be more 

accurate or low error to predict the value.  

Figure 2.2 as show the result figure from 

grid data using Surfer method. 

 

Figure 2.10.  Sample of 3D surface from grid 

data using Surfer method 

 

b. Grid Processing 

If we have the data containing z value, we 

can create grid data.  Value of each cell will 

be interpolated to determine the unknown 

data between points that have z value.  In 

this case, interpolation can be defined as 

the procedures of predicting or calculating 

unknown values using the known data 

values at neighborhood locations.  To 

interpolate, some software have 

established algorithm.  Figure 2.11 as show 

how and where the cell will be give the 

value as interpolation result.  The result of 

interpolation will be influenced some 

factors that also determine the quality of 

interpolation.  They are accuracy of data, 

number of data (not all data will give the 

quality interpolation, it depends on 

distribution of data), distribution of known 

points and how well the mathematical 

function that used to interpolation, because 

in some software we can select its function.  

So that considering from those factors, we 

must understand about data characteristic 

and objective of interpolation, so we can 

determine mathematical function.   

Known value

Un-Known value

Known value

Un-Known value

 

 

Figure 2.11.  Illustration the cell will be 

interpolation to fill the unknown value 

In the ArcView method, available 

mathematical function such as Inverse 

Distance Weight (IDW) and spline.  IDW 

assume that each point has a local influence 

that diminishes with distance.  Spline based 

on fitting a curve 3D surface through the 

neighboring point surrounding the cell 

being analyzed, and then gives the cell the 

value of surface at that location.  The Surfer 

method have more interpolation method 

than ArcView, which are Inverse distance to 

a power (IDW), Kriging, Minimum 

Curvature, Polynomial Regression, Radial 

basis functions, Shepard’s method and 

Triangulation with linear interpolation. 

c. Type of grid 

Grid data has two types.  There are integer 

grid and floating point grid.  Integer grid 

defines by stored cell as integer and floating 

point grids define by grids stored with 

decimal points.  To choose type of grid we 

should consider about data being 

represented, one or the other may be more 

appropriate.  Often continuous data 

represent by floating point, but it’s type can 

convert to integer depend on objective 

when we will presentation.  Other 

differences both of grid type are integer 

grids have attribute tables but floating point 

does not have it.  Information about data 

type is important to displayed, symbolized 

and analyzed in 3D analyst. 

d. Grid analysis 

Surface analysis using grid approaches can 

be used to presentation some element of 

surface, especially elevation data or 

information.  Their elements are 

characteristics of flow direction, contours, 
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slope and aspect also to viewer such as 

viewshed, hillshading and perspective.  

Sometimes using ArcView method, grid data 

can be used for 3D terrain visualization and 

simulation of terrain; it’s also used as base 

surface for other feature if we want like as 

vectors and image data. 

 

3.2. Remote Sensing 

Remote sensing (RS) is one of technique in 

the GIS to collect information from distance 

(Arronof, 1991).  By convention “from 

distance” generally considered being large 

relative to what a person can reach out and 

touching, hundreds of feet, hundreds of 

miles or more.  Collected data from a 

distance are termed remotely sensed data.  

RS techniques are used extensively to 

gather measurement.  For example, 

Satellite-based systems can measure that 

change continuously over time and large 

cover, even inaccessible areas.  Weather 

satellite provides temperature 

measurements at the earth’s surface and at 

altitude above the surface. 

As one of GIS technique, RS is the art and 

science of obtaining information from a 

distance, about object or phenomena 

without physical contact.  The science of RS 

provides instruments and theory to 

understand how objects and phenomena 

can be detected.  The art of RS is in the 

development and use of analysis techniques 

to generate useful information.   

3.2.1. Electromagnetic Principles 

Actually, data that capture by remote 

sensing sensor is electromagnetic radiation.  

So, in this research must be concern about 

electromagnetic principles.  The current 

theories of electromagnetic are: 

� Wave theory; refers to all energy that 

moves at the velocity of light (3x10
8
 

m/s) and has harmonic, sinusoidal wave 

pattern.  Describing wave theory as 

equations: 

 υλ=c  (2.48) 

where: 

c :  3 x 108 m/s ; velocity of light in a 

vacuum 

ν :  frequency, Hz ; number of waves 

passing a point in 1 second.  

λ :  wavelength, m ; distance between 

wave peaks 

 

� Quantum or particle theory; describes 

electromagnetic radiation as rapidly 

moving and indivisible mass less packets 

or photons. Each photon has a unique pair 

of electric and magnetic fields vibrating at 

right angles to each other and to the 

direction in which they travel.  Its can be 

describe with below equations that 

derived from Plank law’s. 

Q = hν 

Where: 

Q :  energy of  a propagation of a 

quantum, Joules (J) 

h :  Planck’s constant, 6.626 x 10-34 J 

sec 

ν :  frequency, Hz ; number of waves 

passing a point in 1 second  

 

electric field

magnetic field

Distance

v : frequency (number of cycle per 

second passing of a fixed point)

λλλλ : wavelenght (distance between 
succesive wave peaks)

c : velocity of light

M

K

electric field

magnetic field

Distance

v : frequency (number of cycle per 

second passing of a fixed point)

λλλλ : wavelenght (distance between 
succesive wave peaks)

c : velocity of light

M

K

 

 Figure 2.12.  Component of an Electromagnetic Wave (Lillesand  and Kiefer, 1987) 
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Based on above theory, remote sensing 

consider about the type of energy being 

detected is characterized by its position in 

the electromagnetic spectrum.  Its describe 

electromagnetic radiation by their 

wavelength.  

The satellite sensor could be differentiated 

by the value of electromagnetic spectrum.  

Each satellite has the specific 

electromagnetic wavelength that can be 

captured by its sensor.  Figure 2.14 shows 

the range of electromagnetic spectrum and 

the satellite sensors. 

3.2.2. Remote sensing data 

Each cover type on the earth has a specific 

characteristic about to absorb, reflect and 

transmit electromagnetic energy. That fact 

can different between an object and other’s 

on the earth surface and then can be using 

in the remote sensing technologies. Remote 

sensing satellite record reflected and 

emitted radiant flux form earth surface 

object or materials.  Differences reflected 

and emitted each material are 

wavelength’s.   Then the difference was 

used to know and interpreted what are 

materials or object on the earth surface.  

Illustration above statement can be seen in 

Figure 2.13. 

According to Jenson (1986), one material 

would reflect a tremendous amount of 

energy in certain wavelength, while another 

material would reflect a much less energy in 

the same wavelength.  This would result in 

contrast between two types of materials 

when record by a remote system.  For 

example, between water body and land 

cover by vegetation will give different flux 

energy for satellite sensor.  Using typical 

spectral reflectance curve can be seen that 

water body will reflect wavelengths are 0.4 

to 0.8µm and vegetation will reflect 

wavelengths are 0.4 to 2.6µm or more.  In 

figure 2.14, we can see typical reflectance 

by vegetation, soil and water. 

3.2.3. Weather Satellite  

Weather satellites provide more frequent 

coverage but coarser resolution imagery or 

spatial.  Although designed primarily to 

collect weather data, they are used 

routinely for earth resources monitoring 

over large areas.  The coarser resolution 

reduces by a substantial amount the 

volume of data to be processed and the 

data are much less expensive per unit area 

than other satellite data such as SPOT and 

Landsat.  Weather satellites were first 

launched in 1960 by America to look at 

weather in real time. Since then there has 

 

Figure 2.14. Satellite sensor with the electromagnetic wavelength that captured (O’Brien, 

1999 
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been steady progress, and more satellites 

have been launched on a regular basis 

(Timestep, 2001).  Now, many countries 

have launched weather satellite and almost 

weather satellite data have been create the 

network and its called global meteorological 

satellite network (Figure 2.15) 

Actually, this research will use the NOAA 

AVHRR satellite data.  It has the specific 

type when their orbit captured the weather 

data. The orbit type of NOAA AVHRR data is 

polar orbiting. Usually known as NOAA 

(National Oceanographic and Atmospheric 

Administration), these satellites orbit at 

about 850 km above the earth. This means 

that they have a circular orbit that takes 

them almost directly over the North Pole 

and South Pole, and as the Earth rotates a 

different strip is imaged. The width of the 

image is 3000 km and as the satellite travels 

above the earth's surface it scans a line 

twice a second. It scans continuously and 

therefore never sent a complete image, 

rather a continuous, never ending strip.  

reflected and emitted

energy source

reflected and emitted

energy source

 

Figure 2.13.  Mechanism electromagnetic energy from energy source to passive 

satellite sensor (Risdiyanto, 1999) 

 

Figure 2.14.   Typical spectral reflectance curve for vegetation, soil and 

water(Lillesand and Kiefer, 1994) 
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3.2.4. NOAA AVHRR 

NOAA is one of satellites that give fast 

information for monitoring and managing 

the natural resources or surfficial activities.  

It is used to detect forest fire by hot spot, 

cloud moving, vegetation index, so that 

many departments or persons use it for 

their project.  NOAA satellite has been 

designed as polar orbiting environmental 

satellites (POES). So, many subject about 

environment use it, such as meteorology 

and climate, natural resources 

management, agriculture, oceanography, 

geophysics, fisheries, etc.   

 

a. NOAA Satellite Characteristic 

NOAA Satellite is the meteorological 

satellite that was launched by National 

Oceanic and Atmospheric Administration 

(NOAA) and (National Aeronautics & Space 

Administration (NASA).  NOAA satellites 

have 16 families and use the Advanced Very 

High Resolution Radiometer (AVHRR) since 

NOAA-6. Now, NOAA satellite that often use 

is NOAA 12 and NOAA 14.  This satellite has 

characteristics as shown onTable 2.1.  

Generally, the important characteristics for 

NOAA satellite are spatial and temporal 

resolution.  It has daily temporal and 1x1 

kilometers spatial resolution.  The orbital 

characteristic cause NOAA satellite has 

resolution like as above.  These 

characteristics cause it to use many 

applications, especially to general 

monitoring.  Sometimes, if users want to 

have more detail information, especially 

about spatial resolution, they have to 

combine with information from another 

satellite, for example Landsat TM or SPOT 

satellite. 

Table 2.1.  Characteristics of NOAA satellite 

 

b.  NOAA Dataset Characteristic  

NOAA dataset is the image often used for 

much application as explanation above.  

This dataset has been suitable with much 

image processing software such as ER 

Mapper, IDRISI and the other.  Generally, 

the dataset often used by users can divided 

three types; they are (1) Local Area 

Coverage (LAC), (2) Global Area Coverage 

(GAC) and (3) High Resolution Picture 

Transmissions (HRPT) 

 Each of data type have characteristics as 

given on Table 2.2.  Too much application 

each of dataset will be use different.  For 

example, to monitor cloud move between 

big islands in tropical area maybe enough 

Management NOAA and NASA 

Number of satellite have been 

launching 
16 

orbit 
Sun-synchronous polar 

orbit 

Altitude of orbit 850 km 

Even- Numbered mission 

daylight (7:30am) 

descending equatorial 

crossings 

 

odd-numbered missions  

 

nighttime (2:30am) 

descending equatorial 

crossings 

swath 3000 km x 6000 km 

 

Figure 2.15.  Global meteorological satellite network 
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use GAC data only, but for monitor forest 

fire on the island (Sumatra island in 

Indonesia)  we need more high spatial 

resolution as LAC and HRPT.  Below figure 

as example of NOAA LAC image that 

processing by using ER Mapper software. 

  

Table 2.2.  Characteristic of NOAA dataset 

Type of 

Dataset 

Characteristic 

Local Area 

Coverage 

(LAC) 

• Full resolution data 

• 1.0 km resolution at nadir 

• Recorded over an area and then 

downloaded over a ground 

receiving station.  

Global Area 

Coverages 

(GAC) 

• LAC data that is resampled 

• Lower resolution = 1.1 ® 4.0 km 

(nadir) 

 

High 

Resolution 

Picture 

Transmissions 

(HRPT) 

• Full resolution data 

• 1.1 km resolution at nadir 

• Transmitted to the ground station 

in real time 

Reference : (O’Brien, 1999) 

NOAA dataset have five Bands and each of 

bands can be combination to calculate 

some objective like as vegetation index or 

hot spot.  NOAA band has range of 

wavelength is 0.58 – 12.50 micron.  For 

more detail can be seen Table 2.3.  

Characteristic each of band can be used for 

much applications, for example band 1 use 

for daytime cloud and surface mapping, 

band 2 for surface water delineation, band 

3 for sea and land surface temperature and 

day night cloud detection, band 4 as same 

as band 3 and last one bad 5 for sea surface 

temperature.  From that explanation we will 

know the NOAA dataset have the primary 

function to monitoring meteorology 

activity. 

Table 2.3.  The value of NOAA-14 band 

Channel or 

Band 
Value of wavelength (microns) 

Band 1 0.58 – 0.68 (Visible Red) 

Band 2 0.725 –0.10 (Near Infra Red) 

Band 3 3.55 – 3.93 (thermal Infra Red) 

Band 4 10.50 – 11.50 (Thermal Infra Red) 

Band 5 11.50 –12.50 (Thermal Infra Red) 

 

c.  Surface Temperature from NOAA  

Refer from dataset characteristic the 

information from NOAA satellite can be 

used to predict and calculate surface 

temperatures.  This temperature has main 

land surface temperature (LST) and Sea 

surface temperature (SST).  Comparison 

application both of temperature type, SST 

 

Figure 2.18.  NOAA 14 AVHRR – LAC images of Kalimantan island 
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more often use than LST.  It cause that 

meteorological activity and climate change 

have high correlation with sea dynamic.  For 

example warm and cool current moving in 

the Pacific Sea cause atmosphere dynamic 

its call El Nino or La Nina phenomena.  

These phenomena have caused the long dry 

season (El Nino phenomena) and over 

flooded (La Nina phenomena) in much 

country.   

The temperature value can be calculate 

from Thermal Infra Red Channel (3 and 4) 

using the Planck’s radiation equation as: 

( ) 15.273

E

VC
1ln
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1

2 −
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=  (2.50) 

T(E)  :  temperature value (°C) 

C1 :  1.1910659 * 10
-5
 (mW/m

2
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) 

C2 :  1.438833 cm.K 
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V :  central wave  

 Channel 3 :  2638.652 /cm 

 Channel 4 : 928.2603/cm 
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