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 An Atmospheric Mesoscale Model was used to calculate wind speed and wind 

direction in Cambodia by using large scale atmospheric data during September 2007 – 

August 2008, orography and roughness data as the inputs. The monthly average and an 

annual average wind maps at 50m and 100m above ground level were produced from 

simulated data. It found that mostly in Cambodia the wind speed is low (2 – 3 m/s), however, 

there are some parts of the country have higher wind speed (4 – 5 m/s), the northeastern part 

and along the mountainous area in the southwest. The results were compared with the 

measurement data from 5 stations in Siemreap, Kompong Thom, Phnompenh, Sihanouke 

Ville and Kampot. The root mean square difference (RMSD) between simulated wind speed 

and the measurement is 23.1%. Monthly wind roses for both data from measurement and 

simulation were also generated and compared. The comparison showed that most of wind 

roses are acceptably agree to each other. Moreover, they are definitely fit well with an effect 

of the monsoon, especially the southwest monsoon.  

Department of Physics          Graduate School, Silpakorn University        Academic Year 2008 

Student's signature ........................................

Thesis Advisor's signature ........................................ 



.

.



....................................................................................................................

...............................................................................................................

.....................................................................................................................

...............................................................................................................................      

..................................................................................................................................

   1 ............................................................................................................................. 1

1.1 .......................................................... 1 

1.2 ................................................................................ 3

   2 ....................................................................... 4

2.1 ............................................................................................... 5 

2.2 ................................................................      5 

 2.2.1 .........................................................................      5

2.2.2  3 ............................................................................ 6

2.3 ................................................................................... 9

                             2.3.1 ........................................................................................... 9

                            2.3.2 ............................................................................................ 12

2.4 ......................................................................................................... 13

2.5 ........................................................................................................ 15

2.5.1 .......................................................................... 16

2.5.2 ......................................................................................      21

2.6 ......................................................................................... 22

2.7 .......................................................................................... 24

   3 .......................................................................................................... 30

3.1 ................................................... 30



                                                                                                                                              

3.2 .......................................................................      35 

3.2.1 ..............................................      35 

3.2.2 ....................................................      36                         

3.3 .............................................................................      38 

3.4 ................................................................      41       

3.4.1 ............................................................................      41 

3.4.2 ...................      44                 

3.5 .................................................................................................      47  

3.6 ........................................................................      74 

3.6.1 ........................................................................................      74 

3.6.2 ..............      77 

3.6.3

..................................................................................      84 

 3.6.4 

World bank .........................................................................     102 

   4 ............................................................................................................................... 105

.............................................................................................................................     107 

..................................................................................................................................     109 

.............................................................................................................................. 118



2.1 .......................................       4 

2.2 ..........................................       6 

2.3  3 ..............................................       7 

2.4 ......................................................................       8 

2.5 ..................................      10 

2.6

          3 ................................................................................................      10 

2.7  3 .................................................      11 

2.8  1 

...................................      13 

2.9 .............................................................      14 

2.10 ..........................................      15 

2.11  3  4 ....................................................      17 

2.12 ...........................................................      17 

2.13 .......................................................      18 

2.14 ..........................................................................      19 

2.15 ...................................................................................      20 

2.16 ...............................................................................      20 

2.17 .........................................................................      21 

2.18  16 ........................................................      22 

2.19 ....................................................................      23 

2.20  Ireland..........................................................................      26 

2.21  50  Newfoundland ......................      27 

2.22  30 ................................................      28 

2.23 ..................................................................................      29 

3.1  (grid)  3 ..................................................      34      

3.2 ...............................      36 



3.3 .......................................      37 

3.4 )

) ..............................................................................      40 

3.5  NCEP/NCAR reanalysis ................................      43 

3.6 .................      43 

3.7

 50 ................................................      48   

3.8

 100 ..............................................      49 

3.9

 50 ................................................      50 

3.10

 100 ..............................................      51 

3.11

 50 ................................................      52 

3.12

 100 ..............................................      53 

3.13

 50 ................................................      54 

3.14

 100 ..............................................      55 

3.15

 50 ................................................      56 

3.16

 100 ..............................................      57 

3.17

 50 ................................................      58 



                                                                                                                                            

3.18

 100 ..............................................      59 

3.19

 50 ................................................      60 

3.20

 100 ..............................................      61 

3.21

 50 ................................................      62 

3.22

 100 ..............................................      63 

3.23

 50 ................................................      64 

3.24

 100 ..............................................      65 

3.25

 50 ................................................      66 

3.26

 50 ................................................      67 

3.27

 50 ................................................      68 

3.28

 100 ..............................................      69 

3.29

 50 ................................................      70 

3.30

 100 ..............................................      71 



                                                                                                                                            

3.31  1  (  2550 –  2551) 

 50 ........................      72 

3.32  1  (  2550 –  2551) 

 100 ......................      73 

3.33

The World Bank Asia Alternative Energy Program ..................................................      74 

3.34

.......................      75 

3.35  20  40 ......................      76 

3.36 .      77 

3.37

 50 ....      78 

3.38

 50 ......      79 

3.39

 30 .....      80 

3.40

 50 .....      81 

3.41

 50 ........      82 

3.42  MBD  RMSD 

 50 ..................................................................      83 

3.43  wind rose 

...............................................................................      87 

3.44  wind rose 

.................................................................................      90



3.45  wind rose 

................................................................................       93 

3.46  wind rose 

................................................................................       96 

3.47  wind rose 

..................................................................................       99 

3.48

The World Bank Asia Alternative Energy Program ( ) ..      103 

3.49  1  (  2550 –  2551) .........      103 

A1 ...............................................      109 

A2 .......................................................................................      110 

A3 ...............................      111 

A4 .........................................................................................      112   

A5 ...................................................................................      113 

A6 ...................................................................      113 

A7 ....................................................................................      114 

A8 .....................................................................      114 

A9 ....................................................................      115 

A10 .................................................................      115 

A11 ....................................................................................      116 

A12 ....................................................................      116 

A13 ......................................................................................      117 

A14 .......................................................................      117 



f =

g =

h = , m 

u = , m/s 

u
G

= x

um = (mesoscale wind) x

u = turbulent deviation x

u = x

v =

vG = y

vm = (mesoscale wind) y

v = turbulent deviation y

v = y

wm = (mesoscale wind)  z 

w = turbulent deviation  z 

w = z

Ac =

C =  (drag coefficient) 

Cp =

F = (drag force) 

Fr = Froude number 

N = Brunt-Väisälä frequency 

P =

P0 = 1013 mbar/atm

R = gas constant 

T = NCEP/NCAR 

TG =



= Exner function 

m =  Exner function 

d  =  dynamic part mesoscale pressure 

G =  Exner function 

h = thermal part mesoscale pressure 

0 = potential temperature 

G = large-scale field of the potential temperature 

m
= potential temperature 

= turbulent deviation  potential temperature 

= potential temperature

dz

d
= potential temperature gradient

a =



1

 1

1.1

(fossil fuel) 

74,000

 14,600

 3,100 (Mathew, 2006) 

 20 

 20 



2

(atmospheric mesoscale model)

(domain)

 500  450  1 domain

 5 

 20 – 50 



3

1.2

1)

(Atmospheric mesoscale model) 

2)



 2

2.1

 10  30  14  30 

 102  30  107  30 

 181,035 500

450 1  3

50  40 

 10  450  1  6 

 2.1 

(www.incambodia.biz)

4



5

 3 

2.2

(Honolulu)

2.2.1  (Single Cell Model)

 ( )

( )

(pressure gradient force) 

 (  2.2)



6

 (George Hadley) 

(mid-latitude)

2

2.2

( Thomson higher education) 

2.2.2 3  (Three Cell Model)

3  ( 2.3 ) 3

3



7

30

 30 

 ( 2.3 2.4)

 2.3 3  (//ess.geology.ufl.edu)

(Doldrums zone) 

 (cumulus) 

 (tropopause) 

2

(jet stream) 30 60



8

30 30

 (semi-tropical)

30 35

(horse latitude)

2.4  (//content.answers.com) 

 (Trade Winds) 

5 30

 (Intertropical

Convergence Zone) 



9

30

35-60

40-60

2 (Ferrel cell) 

 (polar cell) 

 (  60-90 )

2.3

2.3.1  2 

1.  (Geostrophic Wind) 

2 (pressure gradient force)

(Coriolis force) 

2

(  2.5)



10

 2.5

1

10  15

 2.6

3

1

1 7

7

 2.6

= ,3  ( PH

              C = , V =  ) 



11

2.  (Gradient Wind) 3

 (pressure gradient force)  (Corliolis force)

( 2 )  (centrifugal force) 

2.7

3

( ) ( )

=2.7 3 ( PH

, C = , CF = ,

W = )

2.7 ( )

Ph = C + CF



12

 2.7 ( )

Ph + CF = C

2.3.2

 (Surface Winds) 1

 2.8

 (roughness) 

10 20

20 40

90 10

1



13

 2.8 1

2.4

 (Monsoon) Mausim

 6 

6

 (  2.9 )



14

 ( 2.9 )

2.9

20 10

 10,800 



15

2.5

 2.10 



16

2.5.1

(anemometer)

2.5.1.1

(cup anemometer) 

3 4

        

3

a

1
F C A v

2
    (2.1)

 F = ( drag force) 

C =  (drag coefficient) 

Ac =

a
=

v =



17

 2.11  3  4 

2.5.1.2

 (propeller anemometer) 

2.12

 2.12 



18

2.5.1.3

(pressure plate anemometer) 

2.13

     

    
3

a

1
P

2
v      (2.2)

 P =

a =

v =

 2.13 



19

2.5.1.4

(pressure tube anemometer) 

(manometer) (moving part) 

 2.14

2.5.1.5

(sonic anemometer) 

2.15



20

 2.15

2.5.1.6

(hot wire anemometer) 

Cooling effect

(constant current anemometer; CCA) (constant voltage 

anemometer; CVA) (constant temperature anemometer; CTA) 

 2.16 



21

2.5.2

(wind direction)

(wind vane) 

 ( 2.17)

2.17

4 4

8

8 16

32 8 16

0

360 0 360 , 45

, 90 , 135

, 180 , 225 , 270

315  ( 2.18)



22

 2.18  16 

2.6

 (Pilot Balloon)

(Theodorite)

 ( )  ( )

 1  ( )

300



23

(Radiosonde) 30

 ( 2.19)

 2.19 (Radiosonde)

 24 32

30

 (Rawinsonde)



24

2.7

Physick (1988) Pielke (1984) 

hydrostatic mesoscale 

 15 Nickerson

 (1986) 

hydrostatic

Song  (1985) hydrostatic

hydrostatic

Seaman (1989)

Yamada  Bunker (1988)

Karlsruhe Atmospheric Mesoscale Model (KAMM) Adrian

Fiedler (1991)



25

 100 

Clark Farley (1984) 

Adrian  1987 

multivariate optimum interpolation scheme  1989 Seaman

hydrostatic

Troen Petersen (1989)

(standardized wind speed) 

(roughness)



26

interpolation (European wind 

atlas)

Frank  Landberg (1997) 

class  65 class

2.20 European Wind Atlas 

European Wind Atlas 

 2.20 Ireland

Khan Iqbal (2004) Newfoundland

contour



27

 2.21  50 Newfoundland

Khan  (2004) 

(mesoscale model) 

 30 

 2.22



28

 2.22  30 

Troen Petersen (1989) 

Mortensen  (2005) 

(meso-scale atmospheric model) 



29

 2.23  (Mortensen et al., 2005) 



 3

3.1

Adrian Fiedler (1990) 

(geostrophic wind) (Colioris

force)

Gp

GG

c

fv

x
   (3.1)

Gp

GG

c

fu

y
   (3.2) 

Gp

G

c

g

z
   (3.3) 

= xGu

=Gv y

  =  large-scale field of the potential temperatureG

=  Exner function G

 =  g

  =f

30



31

G

G

G

T
    (3.4)     

=
GT

Exner function 

pc
R

0
G

P

P
   (3.5)

=P

=0P

  =  gas constantR

=pc

 (3.1)-( 3.3)

(mesoscale) Reynolds

m m
p m d h m G

G

du
c ( ) f (v v

dt x

(u u ) (u v ) (u w )
x y z

)

 (3.6)

m m
p m d h m G

G

dv
c ( ) f (u u

dt y

(v u ) (v v ) (v w )
x y z

)

 (3.7) 



32

m
p m d

dw
c (w u ) (w v ) (w w )

dt z x y z
 (3.8)

  = (mesoscale wind) xmu

=mv (mesoscale wind) y

=w (mesoscale wind)  z 

=  potential temperature m

mu u u   (3.9)

mv v v   (3.10) 

mw w w   (3.11) 

m   (3.12) 

G (3.13)

hd   (3.14) 

= xu

v = y

w = z

= potential temperature

 =  Exner function 

=  turbulent deviation u x

=  turbulent deviation v y

=  turbulent deviation w  z 

=  turbulent deviation  potential temperature

 =  Exner function G

 =  dynamic part d mesoscale pressure 

  =  thermal part h mesoscale pressure 



33

potential temperature 

m

p m

d Q
( u ) ( v ) ( w )

dt z y z c
(3.15)

 =  heat source Q

 (3.4) - ( 3.15)  (mesoscale

wind)

 (3.6) - ( 3.14) (partial differential equation) 

(analytical method)

centered finite difference 

 (grid)  3  5x5x1 km
3

(  3.1)

(node)



34

5.5 

500400 

 3.1  (grid)  3 

(mesoscale wind) 

5 x 5

(geostrophic wind)  (2.5
o o
 x 2.5 )

(down-scaling approach) 

(boundary condition) 



35

3.2

 non-hydrostatic 3 

(3D)  2 

 (orography data) 

(roughness)

 3.2.1

 1 x 

1 5 x 5 

 NASA’s Shuttle Radar Topography Mission 

(STRM30) dataset version 2 (  3.2) 

(contour interval)  100  coordinate  UTM (zone 48, datum WGS84) 

(domain)

 (grid point)  205 x 149 

 5 



36

 3.2 

3.2.2  (surface roughness map) 

 (roughness) 

 5 x 5  3.3 

 United States Geological Survey (USGS) Global Land Cover 

Classification (GLCC)

 205 x 149 

grid points 



37

 3.3 

 USGS/GLCC 

 look-up table  look-up table

Global Land Cover 

Characterization Database (GLCC)  3.1 



38

 3.1 

 (Global Land Cover Characterization Database; GLCC)

Index Description

0 Water

1 Grass

2 Agricultural used 

3 Forest

4 Beets

5 Mixed woodland 

6 Urban areas 

7 Vineyards

8 Bare soil 

9 Wheat

10 Shrubs

3.3

NCEP/NCAR reanalysis 

 The National Center for Environmental prediction The National Center for 

Atmospheric Research  (grid)  2.5
o
 x 2.5

o

 geopotential height 

 (300 – 1000 )  4  0:00 GMT 6:00 GMT 

12:00 GMT  18:00 GMT -

 (u-wind) -  (v-wind) 



39

 (stable) 

 (  3.4) 

 (unstable) 

 Froude number

     
hN

u
Fr     (3.16) 

 =  Froude number Fr

  u    =  

  h    =  

  N   =  Brunt-Väisälä frequency 

 N 

     
dz

dg
N

0

    (3.17) 

  g   =  

0   =  potential temperature 

dz

d
 =  potential temperature gradient 



40

Fr < 1 

)

Fr > 1 

 3.4 ) )

)

 Froude number 

 Froude number  (3.16)  (3.17)  potential 

temperature ( )

 potential temperature ( )  air temperature (T) 

(3.18)

pR /C

0

T

P

P

   (3.18) 

    =  (mbar) p

  P0    =  1013 mbar/atm 

  T     =   NCEP/NCAR 

 R     =   gas constant  

  Cp    =



41

 (profile)  (u-wind,

v-wind)  potential temperature  relative humidity 

 (input file) 

3.4

 2 

3.4.1

 (input) 

gridded climate  NCEP/NCAR reanalysis

NCEP/NCAR reanalysis  geopotential height, air 

temperature, relative humidity, u-wind  v-wind  8 

 300  400  500  600  700  850

 925  1000  10 

 1  2550  31  2551 

 6   (0:00 GMT, 6:00 GMT, 12:00 GMT  18:00 GMT) 

NCEP/NCAR reanalysis  netCDF file  ncdump 

text file 

 NCEP/NCAR reanalysis

 2.5
o
 x 2.5

o

 12.5  105.0 

 NCEP/NCAR reanalysis  105.0 

 12.5 

 NCEP/NCAR 



42

 2.5
o
x 2.5

o

 17 

 17  8 

 plot 

 create a subset 

without making a plot  netCDF file

 NCEP/NCAR 

 1 

 12 

 12  5 

 NCEP/NCAR  text file 

 excel 

 (

 NCEP/NCAR )

 NCEP/NCAR 

 (profile)  (  3.5)  5 

 u-profile, v-profile, potential temperature 

profile, delta potential temperature  relative humidity profile  potential temperature 

profile  3.18 

(input file) 

 3.6  2 

 TGA  5  3.6 
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u-wind, v-wind, potential temperature (  K),  delta potential temperature (



43

 0)    relative humidity

 4  4  121  3,135 

 5,860  9,706 

 366  1  1 

 run 

 3.5  NCEP/NCAR reanalysis 

 3.6 



44

3.4.2

 run 

 1  NCEP/NCAR 

 (u)  (v) 

 “readu”  text file 

 “readu”  run 

 run 

 run 

 u  v  “readu” 

 50 

 9 

 1 

 2 – 3  200 

 u  v 

 1  (1 )  u 24 

 v 24  z  49  1 

 1  1  2550 

 31  2551  366 

366  run  366 



45

 17,934  ( 366 x 49 ) 

 run 

 “slice” 

 1 

 50 

 1000 

 u  v 

 5 

 IDL 

 u  v 

 “cal_monthly_wind_ave” 

 “plot_wind_Kamm_average_L10_pro” 

 5 

 10 

 spread sheet  text file 

 5 

 wind rose  wind rose  origin 

wind rose 

 wind rose 

u, v 

 u  u  v 

 v  u  v 

 u  v 



46

 0  360  ( )  90 

 ( )  180  ( )

 270  ( )
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 3.21 

 50 



63

 3.22 

 100 

 3.23 (  0 - 1 m/s)

(  2 
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 4  – 5  m/s 
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2 - 3 m/s)  3.24  100 
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 100  50 

 3.24 

 (  3 – 4 m/s) 

5 – 6 m/s 

 3.23 

 50 
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 3.24 

 100 

 3.25 

 (4 – 5 m/s)

(  2 - 3 m/s)

 5 – 6 m/s  100  (  3.26) 

 50 

(  2 - 3 m/s)
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(  5 - 6 m/s)

 3 – 4 m/s

 50 

 3.25 

 50 
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 3.26 

 100 

 3.27  3.28  50 

 100 

3.27 (  5 - 6 m/s)

(  5 - 6 m/s)

 8 – 9 m/s  3.28 

(  5 - 6 m/s)
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 ( > 9 m/s) 

 3.27 

 50 
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 3.28 

 100 

 3.29 

 50 

(  5 - 6 m/s)

(  3 - 4 m/s)

(  4 - 5 m/s) (  5 - 6 m/s)

 100  (  3.30) (  5 - 6 

m/s)

 50  6 – 

7 m/s
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(  8 - 9 m/s)

 3.29 

 50 
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 3.30 

 100 

(  1 - 2 m/s) (

0 - 1 m/s) 

(  4 - 5 m/s)

(  5 - 6 m/s)
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 3.31  1  (  2550 –  2551) 

 50 

 1  (  2550 –  2551)  3.31

 2 – 3 m/s 

(  2 – 3 m/s)

 4 – 5 m/s 

(  4 – 5 m/s) (  5 – 6 m/s) 
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 100  (  3.32) 

 4 – 5 m/s 

 4 m/s 

 3.32  1  (  2550 –  2551) 

 100 

 2 

 5-6 m/s 
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 2 

 (topography) 
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 4 

 30 

 5 

 5  2550 

 5 

 3.2  3.34 
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 3.34 

 3.2 

Latitude Longitude

11º 33.606´ 104º 51.058´ 

10º 37.976´ 103º 30.264´ 

12º 41.123´ 104º 53.834´ 

13º 22.802´ 103º 49.668´ 

10º 36.167´ 104º 11.184´ 
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 3.35  20  40  50 
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