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5. Model Output 

 

Output of model could be divided based on 

module which was created in model design.  

Each of weather element data would be 

layout as map, graph and table.  The map 

represent for all area, whereas, graph and 

table represent separate of all data 

appropriate with selecting area.  Based on 

all output format data, could be describing 

the weather conditions.   

Actually, the model was design to run real 

time.  But, for this research has the 

limitation of data source for inputting 

model, so, to analysis of the result model 

would be used available data which was 

provided by internet.  To make easier for 

analysis, would used two dataset source as 

input, then both are data would be 

comprised. The dates of both data are 

December-02-2000 and June-02-2001.  

 

5.1. Air surface Temperature 

This module will produced two surface 

temperature data for each day.  They are 

global and regional air surface temperature.  

The global surface temperature data has 50 

x 50 kilometers square resolution and 

regional surface temperature has 8 x 8 

kilometers square resolutions.  Global 

surface temperature of this research 

consider about distribution of surface 

temperature value in tropical area. It have 

the objectives to describing weather 

phenomena that occurs in Indonesia, 

because distribution of temperature value 

could be used as indicator mass of water 

vapor amount and predict air movement 

which there are important variable that 

influences of weather conditions.   

 

5.1.1. Global Surface Temperature 

Spatial distribution between sea surface 

and land surface has clearly differences.  

From two dates in Figure 4.12, at the bigger 

land like as Africa continent in tropical area 

have the variations of value larger than at 

sea surface.  This fact caused, in this model 

have been used elevation data to correct 

data from NOAA satellite.  Elevation at the 

land surface has higher variations than 

elevation at the sea surface, especially at 

the large area such as continent.  There was 

proofed that contrast differentiation 

between sea and land surface temperature 

around Africa which higher than South East 

Asia.  Figure 4.13 is chart of distribution 

temperature in tropical area (10°N-10°S) 

also proof that the continent has higher 

variations than ocean and small land area. 

Comparison surface temperature on 02 

December 2000 and 02 June 2001 at 

tropical area, there consider about 

differences of temperature value in tropical 

area.  Such as shown in Figure 4.12, large of 

temperature distribution that has value 

more than 26°C (especially of sea surface 

temperature) on June larger than 

December.  On June, temperature value 

more than 26°C in East Pacific connected 

with West Pacific.  It means, convergent 

area is even spread as along tropical 

latitude, although South East Asia still 

warmer than West pacific.  On December, 

spread of temperature value which more 

than 26°C was separated by lower 

temperature at 210°E – 245°E, so that the 

gradient temperature between East Pacific 

and West Pacific also greater than condition 

on June. This condition will appear air 

movement from East pacific to West pacific 

on December will faster than on June. 
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(a) 

 

(b) 

Figure 4.12.   Map of global surface temperature (a) 02 December 2000 and 

(b) 02 June 2001 

 

 

Figure 4.13.  Distribution of surface temperature in part of tropical area (10°N –10°S) 
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Consider with average value, surface 

temperature on June greater than on 

December.  This, fact can be seen in Figure 

4.14 and 4.15.  Figure 4.14 as show the 

comparison average value at 1°N-1°S 

latitude, surface temperature on June has 

the average value higher than average value 

on December, its correlated with the spatial 

distribution of sea and land area between 

North and South hemisphere, as known that 

sun position on June is at South Hemisphere 

and heat capacity of water higher than land. 

Figure 4.15 gives the information about 

comparison between surface temperature 

data on 02 December 2000 and 02 June 

2001 at 10°N to 10°S latitude, which 

represent that 78.23% pixel data on June 

has higher value of temperature than data 

on December.  To calculate differences 

value has been used temperature on 

December minus temperature on June, and 

then its result value was clustering based on 

negative and positive value.  Negative value 

represent that temperature on June is 

higher and positive value is opposite it. 

 

 

Figure 4.14.  Comparison surface temperature between 02 

December 2000 and 02 June 2001 

 

Figure 4.15. Differences surface temperature between 02 

December 2000 and 02 June 2001 
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5.1.2. Regional air surface temperature 

Surface temperature at Indonesia and South 

East Asia give more detail than global data, 

because it has larger resolution (8 x 8 

kilometers square).  If in global surface 

temperature data some land area maybe 

produce by interpolation process, so, in 

Indonesia surface temperature is actual 

data.  For example, the data that produced 

for global area give the result for Indonesia 

Island almost similar with sea area, but by 

using larger resolution Indonesia Island has 

more detail data. Figure 4.16 give the result 

model as map of surface temperature in 

South East Asia. 

Differences output model between date on 

02 December 2000 and 02 June 2001, 

consider about distribution surface 

temperature value at along latitude range.  

From Figure 4.16 can be seen that Australia 

continent have higher temperature than 

South East Asia continent on June and lower 

temperature on December.  For more clear, 

can be select surface temperature data at 

certain latitude and longitude, and then it 

was plotting in a chart.  For example can be 

seen in Figure 4.17.  This condition related 

with the declination angle of solar radiation 

that receives by earth surface and would be 

explanation in part of solar radiation in this 

chapter. 

   

 
(a) 

 
(b) 

 

Figure 4.16.  Map of Indonesia and South East Asia surface temperature (a) 02 

December 2000 and (b) 02 June 2001 
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Figure 4.17.  Differences of surface distribution surface temperature on 02 

December 2000 and 02 June 2001 

 

Actually, this output model consider about 

variation of surface temperature between 

land and sea in South East Asia, especially 

Indonesia Island.  In this case, temperature 

value at land surface of Indonesia Island 

was evidently different with at sea surface.  

It represent that corrected surface 

temperature data by DEM data give 

evidently effect.  Figure 4.18 gives a proof 

about it. This figure is the plotting of surface 

temperature data and elevation from DEM 

data at 23.5°N-23.5°S latitude and 110°E-

112°E longitude.  From this figure, when the 

elevation of surface increasing, so, the 

temperature would decreasing.  This fact is 

appropriate with the lapse rate theory that 

air temperature has negative correlations 

with surface elevation.  

 
Figure 4.18.  Relational data between surface temperature and elevation of surface 
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5.2. Air Pressure 

Air pressure in this model produced two 

map data, first data is isoline geopotential 

height and second output is isobar. Isoline 

of geopotential height is the troposphere 

depth is proportional to the mean 

troposphere temperature at certain air 

pressure surface.  Isobar is the isoline which 

connected points that have the same air 

pressure value.   

5.2.2. Geopotential height at certain air 

pressure level  

Actually, that was called isobaric chart in 

meteorology are isoline of geopotential 

height which calculated from surface 

temperature and surface air pressure at 0 

meter of sea surface to certain level of air 

pressure (isobar) in troposphere. Figure 

4.19 is shown isoline of geopotential with 

the units is meter from sea level. 

The map of geopotential height was 

completed with vector, which represents 

direction of air movement. Air would move 

from cold region into warm region. The low 

levels show cold air region and high level of 

geopotential height show warm air region; 

this fact can be shown on above figure.  Air 

mass from North and South sub tropical will 

move into tropical region (Figure 4.19a).  

The velocity of air movement depends on 

distance between isolines, and its called 

horizontal gradient of geopotential height.  

If the distances of isolines are close, so, the 

air movement velocity will increase and if 

the distances of isolines are far, so, the air 

movement will decrease and might became 

calm movement.  About the velocity and 

direction of air movement will be 

explanation in part of wind in this chapter. 

Generally, almost geopotential height which 

close at 0° latitude has the highest value 

such as shown in Figure 4.20. Considering at 

South East Asia and Indonesia region, East 

of region has higher potential than West 

side.  It means, East of region are warmer 

that West side. The warmest area is East 

side of Papua Island and Banda Ocean 

(West side of Papua Island), this condition 

occurs on 02 December 2000.  Then, the 

fastest air velocity also at Banda Ocean.  

Considering, differences of geopotential 

height between land and sea, can be known 

that almost all data at land surface are 

lower than sea surface, especially near 0° 

latitude.  Such as explanation in the part of 

surface temperature, land surface near 0° 

latitude has lower temperature than sea 

surface so that the model should produce 

lower geopotential. 

 

5.2.3. Isobar Chart 

Isobar chart of model output is the air 

pressure pattern on a constant height chart 

(for example if height = 3 km).  This type of 

chart is not used much in meteorology, 

excepting if it was measurement the actual 

air pressure value at many station by using 

radio sonde.  If in this research have been 

created this chart, because it was needed 

when the model process geostrophic wind 

that was done first derivative of isobar 

chart.  In below Figure 4.21 is a sample 

Isobar chart on a constant height level 

(3000 meter) of Indonesia’s Island and it’s 

surrounding on 2 December 2000.  By using 

below, can be known the region with high 

or low pressure. 

Using the output model in graph can be 

analyzed that not all region which closely 0° 

latitude will has lower pressure that higher 

latitude.  Figure 4.22 is given a proof about 

it.  It is selecting data and was taken from 

105°E to 120°E longitude.  If it was compare 

with the map data can be known that the 

land surface near 0° latitude is higher 

probability than sea surface to have high 

pressure.  
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Figure 4.19.  Variations of geopotential height (m) and estimation air movement 

  

 
Figure 4.20.  Variation of geopotential height at isobaric 800 mbar 
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Figure 4.21.  Isobar (mb) chart (Z = 3000 m) on 2 December 2000 

  

 

Figure 4.22.  Variation of air pressure value at Z = 3000 m 

 

5.3. Wind 

Simulation of wind gives result about 

velocity and direction for each of wind type. 

Such as explanation in sub 4.1 in this 

chapter, discussion about it will describe 

each of wind type. Although in model 

design have been describe all method to 

simulated all type of wind, but in this 

research not all of wind type will apply in 

each study area.  Geostropic wind and 

gradient flow just applied in global study 

area, whereas thermal wind applied in two-

study area.  Below description is discussion 

of the simulations result each of wind type 

in certain level of troposphere, in this case 

use 5 km level. 

5.3.1. Geostropic Wind 

Simulation of geostropic wind just applied 

in global study area which coverage high 

and middle latitude.  As known that 

geostropic wind has value more than zero if 

the latitude more than zero, otherwise it 
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has significant value in middle and high 

latitude area and its value limit to zero in 

low latitude area.  Figure 4.23 in below give 

an example of result simulation of 

geostropic wind velocity on June 02, 2001.    

From below figure, almost area has velocity 

are less than 50 ms
-1

, especially in low 

latitudes.   Otherwise, in middle and high 

latitude, the geostropic wind velocity 

increase more than 500 ms
-1

 and it’s 

developed a form such as curve.  This curve 

is a flow around high pressure or low-

pressure center.  In this research could not 

identification that geostropic flow around 

high or low pressure, so that, could not 

determine cyclone or anticyclone area and 

direction of geostropic wind.  But, based on 

theory can known that geostropic wind 

direction is parallel isobar line. 

 

 

 

Figure 4.23.  Velocity (ms
-1

) distribution of geostropic wind on June 02, 2001 

  

5.3.2. Gradient Wind 

Different with geostropic wind, which 

simulated from the first derivative of 

gradient pressure and coordinate position, 

gradient wind is simulation process of the 

function that determine from the three-way 

balances of forces in cyclonic flow, there are 

centrifugal force, coriolis force and pressure 

gradient force.  So that, the result of this 

simulations will be more detail to express 

air movement.  Such as below Figure 4.24, 

gradient wind can express distribution of 

wind velocity in low latitudes. 

The highest velocity occurs almost at land 

surface, it is causing by distance of isobar 

line shorter than sea surface or variations of 

pressure at land surface higher than sea 

surface.  It to be able to explanation as 

differences of heat capacity both surfaces 

that influences differences of surface 

temperature, and then will give different of 

air pressure.  This fact can be show in above 

Figure.  

Like as geostropic wind, direction of 

gradient wind also cannot determine in this 

research, because spatial resolution is so 

small (50 x 50 km) and difficult to create 

formula of it.  Such as known, this research 

just used variations and distributions of 

surface temperature as input model. 
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Figure 4.24.  Velocity (ms
-1

) distribution of gradient wind on June 02, 2001 

  

5.3.3. Thermal Wind 

By combining resulting of geopotential 

height and geostropic wind simulation, it is 

possible to obtain the thermal wind.  This 

research has been simulated thermal wind 

for both study area.  Its give information 

more detail, especially in smaller area such 

as Indonesia or South East Asia.  Different 

with two type of wind on above, thermal 

wind simulations give the value of velocity 

and direction as its result.  The velocity of 

thermal wind is given by equation 4.9 and 

the direction given by vector calculation of 

differences geopotential height which 

derivation from hypsometric equation.  In 

this research, the value of velocity was 

expressed by color scale and the direction 

of wind was expressed by arrow. 

 Location of highest thermal wind 

velocity based on coordinate geography, 

which has been simulated as similar with 

geostropic wind, but it value lower than 

geostropic wind.  This fact was proofed in 

high latitude area in North Hemisphere such 

as shown in Figure 4.25.  Different with 

geostropic wind and gradient wind, if in 

both that wind velocity in low latitude 

almost limit to zero, thermal wind give the 

value not zero. There was causing that wind 

velocity was calculated based on different 

geopotential height.  Its means, differences 

surface temperature between air parcels or 

pixel on the map will generate force for air 

movement. 

 

 

Figure 4.25. The velocity (ms
-1

) and direction of thermal wind for global 

area on June 02, 2001 
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Considering smaller area such as South East 

Asia and Indonesia Island, simulations of 

thermal wind give the result more detail 

than simulations in global area.  From 

Figure 4.26 can be seen that almost area 

has the velocity of thermal wind less than 

20 ms
-1

, and some area has the velocity 

until more that 280 ms
-1

 and its around the 

point which express low pressure or height 

geopotential height.  High velocity can 

occurs in the area which has high 

geopotential height and high thermal 

gradient.  Figure 4.27 can express relational 

between geopotential height and thermal 

wind velocity. 

 Actually, for all wind type which has been 

simulated in this research has the weakness 

to express more detail velocity value, its 

causing by the data input which just used 

surface temperature and coordinate 

position.  In addition also spatial data 

resolution which was used in this research.   

 

 

Figure 4.26.  The velocity and direction of thermal wind for South East Asia on 

June 02, 2001 

 

Figure 4.27.  Relational geopotential height and thermal wind velocity 
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5.4. Solar Radiation 

Simulation of solar radiation gives the result 

two data.  First data is average of solar 

energy which receive by earth surface and 

day length each of coordinate area.  This 

research did not simulate accumulation of 

energy which receive earth surface along 

one day, because its did not simulate 

sunshine hours.  Actually, accumulation of 

solar energy that receive by earth surface 

can be calculated if sunshine hours data 

was known, and to known its data, model 

should simulate cloud covering.   

Cloud covering can be detected if this 

model used the high spatial resolution or 

use original NOAA data (1.1 x 1.1 km
2
), but 

in this research, original data from NOAA 

have been reduce become low spatial 

resolution in order to handle computer 

processor limitation.  As known, this 

research consider about global (50x50 km2) 

and regional (8x8 Km
2
) area to simulate the 

model. 

Actually, simulations of solar energy which 

receives by earth surface is calculation 

irradiance of surface, so that the result data 

is express energy from reflectance of solar 

radiance and long wave radiance of surface 

than receive by satellite sensor.  In order to 

the output model could be express as 

irradiance value and maximum wavelength.  

Figure 4.28 is a sample of irradiance energy 

of earth surface for global area on 

December 02, 2000 and maximum 

wavelength that possible for irradiance of it.  

 

 

 

Figure 4.28. Distribution of average solar energy (Wm
-2

) and maximum EM wavelength which 

receives by earth surface in global area on December 02, 2000 

  

Regional study area gives more detail 

information, so that can be discussing 

differences of solar energy which receive 

earth surface between different time or 

date.  In this research has been simulated 

solar energy on December 02, 2000 and 

June 02, 2001.  Differences of both can be 

seen in Figure 4.29.  On December 02, 2000, 

the area South of equator receives solar 

radiance more than North of equator, it 

contrast with condition on June 02, 2001, 

where solar radiance at North of equator 

more than South equator.  Distribution of 

high solar irradiance on June larger than on 

December, it was causing by Pacific Ocean 

in North East of Indonesia, as known that 

water surface has higher heat capacity than 

land surface. 



Weather Monitoring Model 

By Idung Risdiyanto  64 

 
(4.29a) 

 
(4.29b) 

Figure 4.29.  Distribution of average solar energy (Wm
-2

) which has been receives by earth 

surface in regional area on (a) December 02, 2000 and (b) June 02, 2001. 

 

5.5. Estimation of water vapor content 

Estimation of water vapor content in the 

atmosphere just consider about relative 

value, so that to calculate it was used ratio 

between solar energy that absorb by 

atmosphere and reaching to earth surface.  

The result of water vapor content 

estimation can be seen in Figure 4.30.  Its 

express two map, first map is condition on 

December 02, 2000 and second map is 

condition on June 02, 2001.  Although just 

express solar radiance that absorb by the 

atmosphere, it could be used as assumption 

water vapor content in the atmosphere. 

Figure 4.31 is shown the solar radiance that 

absorbing by atmosphere.  Qa is solar 

radiance before it was absorb by 

atmosphere and Qatm is solar radiance that 

was absorbing by atmosphere. 

Actually, in this research was not done 

simulations to get water vapor mass.  If it 

wants to calculate water content mass, so, 

it should consider about vertical distribution 

of air density and composition of 

atmosphere. 
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Figure 4.30.  Estimation of relative water vapor content in the atmosphere 
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Figure 4.31.   Sample of solar radiance on surface, atmosphere and on top 

atmosphere (Wm
-2

) 

 



Filename: b05.doc 
Directory: F:\MetSat_2009 
Template: C:\Documents and Settings\user\Application 

Data\Microsoft\Templates\Normal.dot 
Title: 4 
Subject:  
Author: TJ 2000 
Keywords:  
Comments:  
Creation Date: 5/27/2009 12:18:00 AM 
Change Number: 9 
Last Saved On: 1/4/2010 11:19:00 AM 
Last Saved By: Idung Risdiyanto 
Total Editing Time: 27 Minutes 
Last Printed On: 1/4/2010 11:20:00 AM 
As of Last Complete Printing 
 Number of Pages: 15 
 Number of Words: 2,949 (approx.) 
 Number of Characters: 16,811 (approx.) 

 


