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OUTLINE

ü INTRODUCTION/BACKGROUND;	
  

	
  Climate	
  Change	
  Impact:	
  
•  Natural	
  vulnerability	
  vs	
  Sustainability;	
  
•  Indica,on	
  of	
  Changes	
  and	
  Variability;	
  
	
  Challenge	
  of	
  Atmospheric	
  Sciences	
  and	
  Technology	
  (Indonesian	
  Condi,on)	
  

•  Climate	
  Control	
  System;	
  
•  Observa,on	
  System.	
  

ü PROBLEMS	
  &	
  SOLVING	
  
1.   Rela,onship	
  between	
  land	
  cover	
  change	
  and	
  Urban	
  Heat	
  Island	
  (UHI).	
  
2.   Analysis	
  of	
  Surface	
  Energy	
  Balance	
  (SEB)	
  
3.   Drought	
  Monitoring	
  
4.   Design	
  of	
  Surface	
  Energy	
  Balance	
  Interface	
  SoWware	
  (SEBALIS)	
  
5.   Urban	
  Climate	
  Modelling	
  using	
  Weather	
  Research	
  Forecast	
  (WRF)	
  model	
  for	
  sustainable	
  development	
  
6.   ATMOSPHERIC	
  DATABASE	
  MANAGEMENT	
  (BISMA)	
  
	
  
	
  
7.   SATELLITE	
  DISASTER	
  EARLY	
  WARNING	
  SYSTEM	
  (SADEWA)	
  

ü CONCLUSION	
  
ü Future	
  plan	
  &	
  recommenda,on	
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Climate  Change  Impacts

1.   Increase	
  of	
  Green	
  House	
  Gases;	
  
2.   Increase	
  of	
  Surface	
  Temperature:	
  
3.   Decrease	
  of	
  ice	
  area;	
  
4.   Sea	
  Level	
  Rise	
  (SLR)	
  
5.   Increase	
  of	
  Tropical	
  Precipita,on;	
  
6.   Decrease	
  of	
  Tropical	
  Salinity;	
  	
  
7.   Decrease	
  of	
  Global	
  Circula,on	
  because	
  of	
  thermocline	
  difference;	
  
8.   Decrease	
  of	
  Global	
  Circula,on	
  because	
  of	
  Surface	
  Temperature	
  difference	
  

between	
  Tropical	
  and	
  high	
  la,tude;	
  
9.   Increase	
  of	
  Evapora,on	
  rate:	
  
10.   Decrease	
  of	
  rainfall	
  amount;	
  
11.   Dry	
  days	
  gedng	
  longer;	
  
12.   The	
  water	
  content	
  of	
  diminishing	
  ó	
  drought;	
  
13.   The	
  increasing	
  acidity	
  of	
  the	
  ocean	
  and	
  the	
  atmosphere;	
  
14.   Increased	
  frequency	
  of	
  occurrence	
  of	
  weather	
  and	
  climate	
  extremes.	
  



Sta>s>c  of  Global  Disaster
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Damage  rate  of  Land/Forest


Kerusakan	
  Lahan	
  (106	
  Ha)	
  

1	
   Rusia	
   36,5	
  

2	
   Brazil	
   36,0	
  

3	
   Canada	
   26,4	
  

4	
   USA	
   26,4	
  

5	
   Indonesia	
   15,8	
  

Between	
  2000	
  -­‐	
  2012	
  ó	
  230	
  million	
  Ha	
  	
  
deforesta,on	
  

Zoning	
  changes:	
  farm	
  
or	
  ranch	
  

	
  è	
  	
  
Processes	
  at	
  industrial	
  

level	
  



Trend  PaGern  of  Precipita>on  in  Jakarta


Trend	
  Curah	
  Hujan	
  rata2	
  10	
  tahunan	
  

Jumlah	
  hari	
  hujan	
  per	
  tahun	
   [%]	
  hari	
  hujan	
  >	
  50	
  mm	
  

-­‐  Dry	
  season	
  
geNng	
  
shorter;	
  

-­‐  The	
  number	
  
of	
  rainy	
  days	
  
is	
  decreasing.	
  

-­‐  The	
  number	
  
of	
  days	
  of	
  
heavy	
  rainfall	
  
is	
  increasing.	
  



Trend  PaGern  of  Precipita>on  in  Medan  


Jumlah	
  hari	
  hujan	
  per	
  tahun	
   [%]	
  hari	
  hujan	
  >	
  50	
  mm	
  

Trend	
  Curah	
  Hujan	
  rata2	
  10	
  tahunan	
  

-­‐  Season	
  PaRern	
  
unclear	
  and	
  
geNng	
  wet;	
  

-­‐  The	
  number	
  of	
  
rainy	
  days	
  is	
  
increasing.	
  	
  

-­‐  The	
  number	
  
of	
  heavy	
  rain	
  
is	
  increasing.	
  	
  



Jumlah	
  hari	
  hujan	
  per	
  tahun	
   [%]	
  hari	
  hujan	
  >	
  50	
  mm	
  

Trend	
  Curah	
  Hujan	
  rata2	
  10	
  tahunan	
  -­‐  Dry	
  season	
  
became	
  longer;	
  

-­‐  Decrease	
  in	
  
number	
  of	
  rain	
  
day	
  

-­‐  Increase	
  in	
  
number	
  of	
  
heavy	
  rain	
  

Trend  PaGern  of  Precipita>on  in  Medan  




Observa>on  Technology

PROBLEMS	
  

•  Solid	
  technology;	
  

•  High	
  investment;	
  

•  Facing	
  the	
  pace	
  of	
  
automa0on;	
  

•  Required	
  “special	
  skill"	
  to	
  
operate	
  ó	
  cer0fica0on;	
  

•  Regulatory	
  policies	
  on	
  the	
  
data;	
  

•  Mul0-­‐parameter	
  
informa0on;	
  

•  Processing	
  technology	
  
	
  
	
  



Basic  Concept  of  Remote  Sensing
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ü Rapid	
  urbaniza0on	
  is	
  progressing	
  in	
  big	
  ci0es	
  in	
  
Indonesia,	
  which	
  resulted	
  in	
  urban	
  climate	
  change.	
  

ü Limited	
  study	
  about	
  urban	
  climate	
  and	
  its	
  applica0on	
  in	
  
Indonesia.	
  

ü Drought	
  is	
  a	
  problem	
  that	
  o]en	
  arises	
  in	
  Indonesia	
  
during	
  the	
  dry	
  season.	
  

ü Non	
  efficiency	
  data	
  processing	
  in	
  Remote	
  Sensing	
  
So]ware.	
  

ü Required	
  good	
  urban	
  design,	
  environmentally	
  friendly	
  
and	
  sustainable	
  development.	
  

ü Limited	
  atmospheric	
  data	
  online	
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PROBLEMS




PROBLEMS  SOLVING	

ü Inves0gate	
  rela0onship	
  between	
  land	
  cover	
  change	
  and	
  Urban	
  
Heat	
  Island	
  (UHI)	
  change	
  using	
  remote	
  sensing	
  data,	
  spa0ally	
  
and	
  sta0s0cally,	
  es0ma0on	
  of	
  area	
  changes	
  	
  

ü Es0mate	
  and	
  Analyze	
  SEB	
  composi0on	
  in	
  each	
  landcover	
  type	
  
using	
  remote	
  sensing.	
  

ü Drought	
  monitoring	
  using	
  Bowen	
  Ra0o	
  (BR)	
  and	
  Evapora0ve	
  
Frac0on	
  (EF)	
  using	
  remote	
  sensing,	
  spa0ally	
  &	
  sta0s0cally,	
  
define	
  empirical	
  equa0on	
  of	
  Bowen	
  Ra0o.	
  

ü Design	
  of	
  Interface	
  So]ware	
  for	
  Satellite	
  Data	
  processing	
  
(SEBALIS).	
  

ü City	
  design	
  and	
  its	
  aspect	
  on	
  the	
  Urban	
  Heat	
  Island	
  using	
  
Weather	
  Research	
  Forecast	
  (WRF)	
  Model.	
  

ü Atmospheric	
  Database	
  Management	
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Urban  Heat  Island  (UHI)




l Urban Heat IslandImage 2 
of 2 
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Effect  of  Land  Cover  Change    
to  Surface  Energy  Balance  (SEB)


RURAL URBAN / CITY 

Energy balance in rural and urban 

17 

Rn = L + G + H 
Rn	
  =	
  Net	
  Radia9on	
  
L	
  	
  	
  	
  =	
  Latent	
  Heat	
  Flux	
  
G	
  	
  	
  	
  =	
  Soil	
  Heat	
  Flux	
  
H	
  	
  	
  =	
  Sensible	
  Heat	
  Flux	
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METHODOLOGY  
UHI, SEB and Drought monitoring estimation 

relate with Land cover 
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Study  area

INDONESIA


JAKARTA

640  km2


BANDUNG

2820  km2


SEMARANG  &  surrounding

1441  km2


1 

1 

7 

9 

8 6 5 

4 

3 
2 

10 



Flowchart  of    
Surface  Energy  
Balance  
Informa>on  System  
(SEBALI)S  Design
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RESULT  AND  ANALYSIS
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1.  Rela>onship  between  UHI  and  Land  cover
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Spa>al  map  of  land  cover  classifica>on  in  Jakarta  (A)  1989  
and  (B)  2002




Land cover 

(ha) 

Waterbody 

(ha) 

Industry 

(ha) 

Residence 

(ha) 

Vegetation 

(ha) 

Cloud 

(ha) 

Waterbody 970 415 605 1014 35 

Industry 360 3236 3061 3217 360 

Residence 489 5162 12600 5517 77 

Vegetation 1447 2610 10909 11364 158 

Cloud 54 145 140 160 35 

 

STATISTIC OF LAND COVER, Jakarta 
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Change  detec>on  of    Landcover  change  
using  overlay  matrix  in  Jakarta
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URBAN  HEAT  ISLAND,  Jakarta


l Criteria of Correlation 
Coefficienti: 
1. 0,00 – 0,20 : very weak 
2. 0,21 – 0,40 : weak 
3. 0,41 – 0,70 : strong 
4. 0,71 – 0,90 : very strong 
5. 0,91 – 0,99 : very very strong 
6. 1,00            : perfect 



Sta>s>c  of  Surface  Temperature,  Jakarta


l    

Boxplot Ts in land cover types 
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2.	
  Surface	
  Energy	
  Balance	
  (SEB)	
  analysis	
  
Land	
  cover	
  classifica0on	
  of	
  Semarang	
  &	
  surrounding	
  2002	
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Net  Radia>on  (Rn)  (W/m2)
 Latent  Heat  Flux  (LE)  (W/m2)
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Soil Heat Flux (G) W/m2 Sensible Heat Flux (H) W/m2 
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Composi>on  of  surface  energy  balance  in  land  cover  
types


l   

Urban  Area
 Vegeta>on    Area
 Wet/water    Area
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Land  use  classifica>on,  Bandung  2001


3.	
  Drought	
  Monitoring	
  

30 

EF = (1+BR)-1 



Latent  Heat  Flux  (L)
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Bowen  ra>o  and  Evapora>ve  Frac>on  using  satellite  
data  for  Prac>cal  Drought  Risk  Monitoring      


• Crop	
  failure,	
  no	
  harvest	
  ???	
  



BOWEN  RATIO


•  Bowen	
  Ra0o	
  (β)	
  is	
  the	
  comparison	
  between	
  the	
  flux	
  of	
  air	
  
hea0ng	
  (H)	
  and	
  hea0ng	
  the	
  water	
  vapor	
  flux	
  (λE)	
  can	
  be	
  
expressed	
  as	
  a	
  ra0o	
  of	
  Bowen	
  (Bowen	
  Ra0o)	
  	
  

•  Bowen	
  ra0o	
  was	
  higher,	
  the	
  higher	
  level	
  of	
  drought	
  
	
  



EVAPORATIVE  FRACTION


•  The	
  concept	
  of	
  energy	
  balance	
  to	
  calculate	
  the	
  frac0on	
  of	
  
evapora0on	
  for	
  monitoring	
  drought	
  is	
  the	
  evapora0ve	
  Frac0on	
  (EF),	
  
which	
  would	
  low	
  value	
  for	
  the	
  dry	
  areas.	
  

•  EF	
  is	
  the	
  evapora0ve	
  Frac0on,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  the	
  energy	
  for	
  
evapotranspira0on,	
  Rn	
  is	
  net	
  radia0on	
  and	
  G	
  is	
  the	
  energy	
  to	
  heating	
  
the	
  soil.	
  



  
Bowen  Ra>o  &  Evapora>ve  Frac>on,  Bandung  2001  
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DRY	
  if	
  BR	
  >>	
  	
   DRY	
  if	
  EF	
  <<	
  	
  



Menu  map,  table  &  graph  in  SEBALIS  for  NDVI


Table & Graph  

Map of NDVI 

Export to Excel 
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4. Design of SEBALIS 
using Visual Basic and GIS 

Data  processing  :

Without  SEBALIS  ~  1  week

With  SEBALIS  ~  1  hours




1
2

3 4
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5. Urban Climate Modelling 
using Weather Research 

Forecast (WRF)  

§  Application: Advance Research 
WRF V 3 

§  1 server: Processor dual core 
AMD, Motherboard, Memory 
DDR2 4112232KB (4GB), SATA 
300GB. 

§  15 Nodes of Cluster:  
  1 node: Processor Dual core 

AMD1212 1GHz, Motherboard 
sata Raid, Memory DDR2 2GB, 
Hardisk SATA 500GB. 

§  OS: Redhat Enterprise Linux 5, 
Linux version 2.6.18-8.el5  

§  Compilers: Fortran 77 
§  Softwares: GrADS, NetCDF, 

HDF4, Matlab, Vis5D, 
MPICH2(PGI+GCC), Apache, 
Php, mySQL. 

Benchmark configuration of 
PC Cluster, to run WRF Model 
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Comparison  of  Land  Use  USGS  and  Land  Use  from  
Urban  Classifica>on
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LU USGS (default) LU Reclassification 
using LU actual/origin 



Modification of Landuse runs in  Weather Research 
Forecast (WRF) model 

+58% 
grassland 

+95% 
grassland 

+440% 
grassland 

Grassland 
to urban 

1) 

2) 3) 4) 
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Sta>s>cal  Analysis  of  Landuse

Land	
  use	
  before	
  and	
  a]er	
  modifica0on	
  (km2)	
  

41 

Land use changes of LU after 
modification (km2) 



SPATIAL 
ANALYSIS OF 

UHI (306 K) 

+58% 
grassland 
Area of 

UHI:-48% 

+95% 
grassland 
Area of 

UHI:-54% 

+440% 
grassland 
Area of 

UHI:-88% 

Grassland to 
urban 

Area of UHI:
+5% 

1) 

2) 3) 4) 
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Ta (K) scenario 1 scenario 2 scenario 3 scenario 4 

301 226% 47% 16% 5% 

302 -7% -4% -5% -6% 

303 -9% 10% 11% -16% 

304 9% 11% 13% 44% 

305 14% 14% 15% 37% 

306 5% -48% -54% -88% 

 

Distributions of Ta from the 
results of WRF model runs


Changes of Ta area from 
origin in percentage 
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Statistical analysis of Air Temperature (Ta or T2m) 
The  changes  of  Ta  area    
ader  land  use  modifica>on




D

C

A B
A - B C - D 

Cross section 
of  Ta (T2m) 
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Air  Temperature  (UHI)  (T2m)  for  48  hours    
WRF  Model  runs  in  6.25  S  (A-­‐B)  cross  sec>on
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MODEL  VALIDATION


l Criteria of Correlation Coefficienti: 
1. 0,00 – 0,20 : very weak 
2. 0,21 – 0,40 : weak 
3. 0,41 – 0,70 : strong 
4. 0,71 – 0,90 : very strong 
5. 0,91 – 0,99 : very very strong 
6. 1,00            : perfect 

46 



BASIS DATA ATMOSFER INDONESIA (BISMA) 
[INDONESIAN ATMOSPHERIC DATABASE] 

http://bisma.sains.lapan.go.id/ 

























PREDICTION	
  OF	
  EARLY	
  RAINY	
  SEASON	
  AND	
  WET	
  SEASON	
  BASE	
  ON	
  SATELLITE	
  
DATA	
  



Sistem	
  Informasi	
  Peringatan	
  Dini	
  Bencana	
  Berbasis	
  Satelit	
  (Sadewa)	
  	
  Satellite	
  Disaster	
  Early	
  Warning	
  System	
  (SADEWA)	
  



Contoh	
  Hasil	
  litbang	
  Bid.	
  Komposisi	
  Atmosfer	
  	
  :	
  
SO2

	
  GAS	
  DISTRIBUTION	
  and	
  Emission	
  Par,culate	
  of	
  Sinabung	
  Mountain	
  in	
  
Sumatera	
  



OZON	
  AND	
  UV	
  RADIATION	
  



ANALYSIS	
  OF	
  AEROSOL	
  AND	
  CO	
  and	
  the	
  IMPACTS	
  	
  
TO	
  CLOUD	
  ICE	
  PARTICLE	
  SIZE	
  IN	
  INDONESIA	
  



Analysis	
  of	
  Acid	
  Rain	
  and	
  Wet	
  Deposi,on	
  in	
  Sumatera	
  because	
  
of	
  forest	
  fire	
  and	
  antrophogenic	
  



INFORMATION	
  SYSTEM	
  OF	
  CLOUD	
  COVER	
  (PRECIPITATION)	
  
BASED	
  ON	
  SATELLITE	
  DATA	
  IN	
  MOBILE	
  PHONE	
  



CONCLUSION

ü The	
  rela0onship	
  between	
  Urban	
  Heat	
  Island	
  (UHI)	
  and	
  land	
  cover	
  type	
  
has	
  been	
  studied	
  comprehensively	
  by	
  remote	
  sensing	
  and	
  GIS.	
  

ü UHI	
  is	
  found	
  to	
  be	
  centralized	
  in	
  downtown	
  areas	
  and	
  spreading	
  to	
  the	
  
surrounding	
  area.	
  	
  

ü Net	
  Radia0on	
  (Rn)	
  and	
  Latent	
  Heat	
  Flux	
  (LE)	
  in	
  urban	
  area	
  rela0vely	
  lower	
  
than	
  vegeta0on	
  and	
  water	
  area,	
  	
  otherwise	
  Sensible	
  Heat	
  Flux	
  (H)	
  	
  and	
  
Soil	
  Heat	
  Flux	
  (G)	
  are	
  higher	
  than	
  vegeta0on	
  area.	
  

ü Evapora0ve	
  Frac0on	
  (EF)	
  and	
  Bowen	
  Ra0o	
  (BR)	
  as	
  Drought	
  monitoring	
  
effec0vely	
  analyse	
  using	
  satellite.	
  	
  

ü EF	
  will	
  be	
  high	
  on	
  the	
  vegeta0on	
  area	
  and	
  waterbodies,	
  and	
  vice	
  versa	
  
will	
  be	
  low	
  in	
  non-­‐vegeta0on.	
  BR	
  is	
  the	
  opposite	
  value	
  of	
  EF.	
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CONCLUSION  (con>nued)

ü SEBALIS	
  could	
  be	
  to	
  overcome	
  obstacles	
  that	
  complicated	
  and	
  
repe00ve	
  work	
  in	
  es0ma0ng	
  urban	
  climate	
  variables	
  that	
  
integrates	
  coun0ng	
  process	
  so	
  that	
  it	
  becomes	
  more	
  prac0cal	
  
and	
  easier.	
  Without	
  SEBALIS	
  need	
  ~1	
  week,	
  with	
  SEBALIS	
  only	
  
~1	
  hour.	
  

ü LU	
  modifica0on	
  from	
  grassland	
  to	
  urban	
  (scenario	
  1)	
  will	
  
expand	
  area	
  of	
  UHI	
  with	
  highest	
  temperature	
  	
  (Ta	
  306K	
  (330C)	
  
by	
  5%).	
  In	
  the	
  contrary	
  with	
  the	
  addi0on	
  of	
  grassland	
  /
vegeta0on	
  (scenario	
  2,	
  3	
  and	
  4)	
  would	
  reduce	
  the	
  area	
  with	
  
high	
  temperature	
  (by	
  -­‐48%,	
  -­‐54%	
  and	
  -­‐88%	
  respec0vely).	
  	
  

ü Database	
  management	
  is	
  benefit	
  for	
  R&D	
  in	
  climate	
  change	
  
for	
  researcher,	
  student	
  and	
  public,	
  DSS	
  (such	
  as	
  SADEWA),	
  and	
  
quick	
  informa0on	
  on	
  mobile	
  phone.	
  	
  

ü These	
  studies	
  can	
  be	
  used	
  as	
  reference	
  for	
  good	
  urban	
  design	
  
and	
  comfortable	
  environment.	
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