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This thesis is a study of variation of lightning activity in Thailand due to influence of

global warming. Analysis of the correlation of parameters affected by global warming with

parameters produced by lightning phenomena in Thailand such as temperature, humidity, rain,

wind speed, cloud amount, ozone and thunderstorm days resulting in useful information to
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°C = Degree Celsius

ELF  = Extremely Low Frequency

hPa = Hectopascal ( hPa = 100 Pa)

Hz = Cycles per Second

LIS = Lightning Imaging Sensor

MM5 = Fifth-Generation Penn State/NCAR Mesoscale Model

Ng = Ground Flash Density

OTD  = Optical Transient Detector

ppm  = Parts-per-Million (10–6)

pT  = Pico-Tesla (10-12 Tesla)

Td = Thunderstorm days

TRMM =  The Tropical Rainfall Measuring Mission

UTC = Universal Time Coordinated



1

A Study and Analysis of Impact of Global Warming

on Lightning Activity in Thailand

 “ ” (Global Warming)
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(Cumulonimbus Cloud)

(Thunder)  (Lightning) (Price, 2009)

(Price, 2009)
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(Lightning Activity) 
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1 .1880 - 2008

: Met Office (2008)

2

: Met Office (2008)
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 54 . . 2494 - 2549

 45.5  43.9  43.5

 42.9  41.2

 40.5 , 2551)

3

: (2551)

2.  
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2.1 3

       1. (Cumulus)

 (Cumulus)

 ( ) 

(Cumulonimbus)

, 2548)

        2.  (Mature)

60

50,000-60,000  (15-18 ) ( , 2548)

       3.  (Dissipating)

(Cumulonimbus)  (Altostratus)  (Cirrocumulus)

 ( , 2548)
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5  

:  (2548)

2.2

       

 1  16

 80 - 160

 -

, 2548)
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 (  300,000 /

 1/3 )  1  200,000

 30

 1  60 - 90

, 2548)
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       2.

 25,000

 " "

3  1

, 2548)

       3.

 60

600,000  ( , 2548)

3.   (Lightning activity)

10  (Lightning Activity)

 (Thunderstorms) 

Optical Transient Detector (OTD)  Lightning Imaging

Sensor (LIS) TRMM (The Tropical Rainstorm Measuring

Mission ) . 1995 1997

6

1 (Price, 2009)

Schumann Resonance Methods

(Extremely Low Frequency: ELF; 4

Hz < f < 40 Hz)

(Price, 2009)
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6 TRMM

: Price (2009)

7 Schumann Resonance

: Price (2008)
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8 Schumann Resonance

: Williams and Mushtak (2009)

2 20 20  2541  Schumann Resonance

(Price and Asfur, 2006)  9  10

1.  (Temperature)  (Surface Temperature)

 (Lightning Activity) 9  Price (2009)

1 °C 10 %

 9  ( )  ( ) 

: Price (2009)
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2.  (Water Vapor) 

 (Specific Humidity)

24 . 10

 10  ( )  ( ) 

: Price (2009)

 11  ( )  ( ) 

                 . 2000 Schumann Resonance)

: Price and Asfur (2006)
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 12  (Specific Humidity) (Relative Humidity)

                  (Precipitation Water)

: Price and Asfur (2006)

    (Relative Humidity)  (Precipitation Water)

(Specific Humidity) 12 (Price and Asfur, 2006)

3.  (Precipitation Water)

 (Snow)  (Hail)  (Mist)

 (Drizzle)  (Rain) ( , 2550)
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      (Rain) 0.5 – 5

 (Paul O' Gorman)

(MIT)  (Tapio

Schneider)

 (Caltech)

 6 %  1

 “

” ( , 2552)

4.  (Cloud)

(Air Parcel)

( , 2550)

 13

:  (2550)
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14   ( ) 

   ( )

: Kotroni and Kostas (2009)

      Kotroni and Kostas (2009)

13  2005 Zeus

)  MM5

3

Land surface model

(Graupel)

 (Ice-crystal clouds) 14

5.    (Wind speed)

 Simpson
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15  

: Stolzenburg and  Marshall (2009)

Simpson

 (-10 °C)

2.5 . 

0.25 8

8

8

 ( ,

2522)
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6.  (Ozone)  (Tropospheric Chemistry) 

 (NOx) 

 (O3)  (Price, 2009)

      Grewe (2009) 1990 - 1999  (NOx) 

90 %  (O3) 

20 %  (O3)

 16  (O3) 

: Price (2009)

       NO2   

NO2 + hv -----> NO + O (1)

O + O2 -----> O3 (2)

NO + O3 -----> NO2 + O2 (3)

        Stephen (1968)   0.1 

 0.027 

 0.5  (Grewe, 2009)
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 10 10

 (Savannah)

 (NOx)

 (Precursors)  (CH4)

 (CO) 2

1 19 ( , 2552)

 17  ( )

:  (2552)

      Montsouris (Paris) Schenbein

( ) 1940

18

 ( , 2552)



19

 18  Montsouris (Paris)  50 19

                  20

:  (2552)

 19  (O3) 

: Price (2009)

7.    (Thunderstorm day, Td)
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      1.

      2.

      3.

      4. Td (Thunderstorm day)

      

  

1 35 % - 40 %

5 30 % 10

25 % (Shiyu et al., 2006)

       (Ground flash density, Ng)

 ( , Cloud to ground)

 Ng

Td (Thunderstorm day)

        (Ng)

 (Td) (Hileman, 1999)

bNg aTd (4)

a b

1.250.04Ng Td (IEEE)                          (5)
1.30.023Ng Td (CIGRE) (6)

1.40.01Ng Td (D. Macherras) (7)
5 2.2776.5 10Ng Td (Egat) (8)
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 20   Ng Td

: Rakov and Uman (2003)
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1.   (PC)

2.  

3. Microsoft Office

4. MATLAB

. 1850 . 2393) 

20 . 1861 ( . 2404) 0.6

1,000

1990 . 1998 ( . 2541)

1,000 ( , 2551) 21

21 100 1,000

:  (2551)
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 ( , 2548)

1 20

                  . . 1880 ( . . 2423)

Top 20 warmest years on record

Ranking Year Temperature Ranking Year Temperature

(1-10) difference (°C) (11-20) difference (°C)

1 1998 0.515 11 1995 0.276

2 2005 0.479 12 1999 0.262

3 2003 0.457 13 1990 0.248

4 2002 0.455 14 2000 0.238

5 2004 0.432 15 1991 0.197

6 2006 0.422 16 1983 0.187

7 2007 0.403 17 1987 0.167

8 2001 0.400 18 1994 0.163

9 1997 0.355 19 1988 0.163

10 2008 0.314 20 1981 0.130

 14.0 C, ( 30 .1961- .1990)

: Met Office (2008)
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 Met Office (2008) . 2540 ( .1997) .

2551 ( .2008) 10

1

 ( , 2522)

1.  

1.1  

     

3

 ( .)  ( .) 

124

59

. 2540 – 2551
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1.2

     

26 71

1.3  

4 .2540 .2543 .2544 .2547 .

2548 .2551

2.  

2.1

 1.   (Monthly Maximum Temperature)

 2.  (Monthly Minimum Temperature)

 3.  (Mean Monthly Maximum Temperature)

 4.  (Mean Monthly Minimum Temperature)

 5.  (Mean Monthly Temperature)

1  ( , 2550)
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2.2

                      3

 1.   (Air)

                     2.    (Soil)

 3.    (Sea) ( , 2550)

2.3  (Thermometers) 2

 1.  (Mercury thermometers)

                           -

                           -

 2.  (Spirit thermometers)

                           -

                           -  ( , 2550)

2.4

                      

2 , 2552)

                    1.  2

 World Meteorological Organization (WMO)

2.  
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22  ( ) )

: (2552)

23  ( )  ( )

:  (2552)
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3.  

3.1

               (Humidity)

 (Saturated)

                     1.  (Absolute Humidity)

 1

                     2.  (Relative Humidity)

       3.  (Specific Humidity)

 1

                     4.  (Dew Point)

                     5.  (Mixing ratio)

 ( ) 1 , 2552)

3.2   (Methods of measurement)

 (Sling Psychrometer ) 

2 “ ” (Wet

bulb) “ ” (Dry bulb)

 3

 ( , 2552)
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24  (Sling Psychrometer)

:  (2552)

4.  

4.1

                     1.  (Rain) 0.5

 (0.02 )

                     2.  (Rainfall Amount)

                     3.  (Rainy Day) 0.1

 ( , 2550)

4.2

       

 (2 .)  10

 25

 10  10 ,

2552)



30

25

: (2552)

5.

5.1

 1. (Wind)

                     2.  (Wind speed)

                     3.  (Wind direction)  ( , 2550)

5.2 (Units)

       1.  

       2.  

       3.  

       4.  

       5.  



31

                      2 /

1  / = 1.943 , 1 = 0.515 / , 2552)

5.3

        2

              1.

4 4

8

8 16 32

8 16 ,

2552)

26

: (2552)
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               2.

2

, 2552)

P = KV2 (9)

                      P )

 V )

 K

                             

, 2552)

5.4

                     1.  (Wind Vane)

 0

– 360 , 2552)

27  (Wind Vane)

: (2552)
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                     2.   (Anemometer)

 (Cup Anemometer)  3  4

, 2552)

28  (Anemometer)

: (2552)

6.

6.1

 1.  (Cloud)

  2.   (Cloud Amount)  "Partial cloud amount"

 (Genus)  (Species)

(Varieties)  (Layer)  (Combination)  ( , 2550)
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6.2 10

                     1.  (Fine) 1

                     2.  (Fair) 1 3

                     3.   (Partly Cloudy Sky) 3 5

                     4.  (Cloudy Sky) 5 8

                     5.   (Very Cloudy Sky) 8 9

                     6.   (Overcast Sky) 9 10

( , 2550)

7.  

7.1

  1. 

Corona Discharge  ( Ultraviolet )

2  (O2) 3 (O3) 1

( Active Oxygen) , 2535)

7.2

        UV - Fluorescence Method

 (O3) 

Photomultiplier Tube , 2535)
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29  UV - Fluorescence Method ( ) Analyzer ( )

: (2535)

                     1.  

                     2. (Probe) 

3 (3-5) 

                     3. 24

ppm , 2535)

8.  

8.1

       (Thunderstorm days, Td)

 ( ) 
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8.2

         50

24

9.

(Linear Regression)

(Linear) (10)

(Polynomial Regression)

n

 (11)

 (n = 2)

(Quadratic) (12)

 (n = 3)

(Cubic) (13)
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(Least Square) ( , 2540)

       (14)

Norm of Residuals (MATLAB)

 (Curve Fitting)

MATLAB
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30  (Curve Fitting)

31
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10.  

(15)

 ( )

(16)

 ( )

 (°C)

 (°C)

(%)

 ( .)

 24 . ( .)

 ( )

 ( )

 ( )



40

1.  

 71 . 2540 – 2551

. 2540 – 2551 4

2 71

                  . 2540 – 2551

(°C)

2540 35.61 32.96 27.85 22.78 20.18

2541 36.46 33.65 28.52 23.43 20.67

2542 35.15 32.10 27.42 22.79 19.79

2543 35.17 32.35 27.51 22.72 19.77

2544 35.44 32.61 27.81 23.07 20.41

2545 35.44 32.79 27.95 23.16 20.50

2546 35.47 32.81 27.79 22.84 20.23

2547 35.63 32.85 27.74 22.67 19.95

2548 35.89 32.88 28.04 23.25 20.15

2549 35.52 32.82 27.78 23.12 20.40

2550 35.52 32.71 27.18 22.98 19.85

2551 35.57 32.78 27.78 22.98 20.17
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32 . 2540 – 2551

3 . 2540 – 2543

2540 2541 2542 2543

(°C) 2540-43

. . 30.84 33.21 31.42 31.72 31.80

. . 32.76 34.55 32.88 32.29 33.12

. . 34.64 36.55 35.45 34.37 35.25

. . 34.54 36.89 33.89 34.03 34.84

. . 35.20 35.97 32.42 33.12 34.18

. . 34.36 34.29 32.44 32.24 33.33

. . 32.15 33.22 32.51 32.14 32.50

. . 32.15 32.94 31.97 32.18 32.31

. . 32.04 32.28 32.14 31.78 32.06

. . 32.47 32.30 31.48 31.93 32.04

. . 32.05 31.25 30.76 31.00 31.26

. . 32.36 30.41 27.85 31.43 30.51



42

4 . 2544 – 2547

2544 2545 2546 2547

(°C) 2544 - 47

. . 32.15 31.00 30.76 31.59 31.38

. . 33.51 33.29 33.19 32.02 33.00

. . 32.95 34.62 33.88 35.37 34.21

. . 36.68 36.16 35.96 36.38 36.30

. . 33.18 33.76 34.75 33.84 33.88

. . 32.78 33.34 33.00 32.50 32.90

. . 32.44 32.64 32.64 32.43 32.54

. . 32.19 31.88 32.49 32.25 32.20

. . 32.56 31.62 31.92 32.05 32.04

. . 32.03 32.35 32.05 32.40 32.21

. . 30.15 31.33 32.62 32.47 31.64

. . 30.72 31.52 30.42 30.95 30.90

5 . 2548 – 2551

2548 2549 2550 2551

(°C) 2548 - 51

. . 31.53 31.86 31.21 31.46 31.52

. . 34.72 33.18 33.27 31.27 33.11

. . 34.54 34.96 35.39 34.15 34.76

. . 35.78 35.00 35.51 34.90 35.29

. . 35.14 33.28 32.93 32.79 33.53

. . 33.21 33.30 33.83 32.79 33.28

. . 32.69 32.15 32.75 32.30 32.47

. . 32.16 32.04 32.30 32.32 32.20

. . 32.01 32.14 32.31 32.11 32.14

. . 32.15 32.16 31.19 32.26 31.94

. . 31.39 32.91 30.26 30.35 31.23

. . 29.28 30.91 31.61 29.53 30.33



43

33 4 . 2540 – 2551

6 . 2540 – 2543

2540 2541 2542 2543

(°C) 2540 - 43

. . 18.04 20.43 20.02 19.76 19.56

. . 20.15 21.61 21.10 20.02 20.72

. . 22.24 23.66 23.13 22.27 22.82

. . 23.24 25.18 24.55 24.25 24.31

. . 25.08 25.78 24.22 24.55 24.91

. . 24.98 25.42 24.54 24.47 24.85

. . 24.75 24.83 24.70 24.32 24.65

. . 24.62 24.55 24.22 24.39 24.44

. . 23.96 24.17 23.95 23.76 23.96

. . 23.65 23.46 23.28 23.64 23.51

. . 21.99 21.88 21.97 20.69 21.63

. . 20.67 20.21 17.75 20.54 19.79
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7 . 2544 – 2547

2544 2545 2546 2547

(°C) 2544 - 47

. . 20.82 19.14 19.11 19.43 19.63

. . 20.82 21.17 20.97 20.10 20.77

. . 23.10 22.93 22.65 23.04 22.93

. . 25.26 24.30 24.65 24.72 24.73

. . 24.64 24.68 25.13 24.85 24.83

. . 24.69 24.94 24.76 24.61 24.75

. . 24.77 24.97 24.42 24.25 24.60

. . 24.72 24.37 24.67 24.65 24.60

. . 24.18 24.12 24.14 23.93 24.09

. . 23.74 23.20 23.37 22.66 23.24

. . 20.07 22.31 21.57 21.74 21.42

. . 20.09 21.74 18.62 18.07 19.63

8 . 2548 – 2551

2548 2549 2550 2551

(°C) 2548 - 51

. . 19.08 19.14 19.25 19.50 19.24

. . 21.73 21.75 20.35 20.52 21.09

. . 22.66 23.46 23.23 22.80 23.04

. . 24.80 24.59 24.61 24.68 24.67

. . 25.42 24.52 24.69 24.57 24.80

. . 25.25 24.87 25.18 24.72 25.00

. . 24.85 24.95 24.78 24.42 24.75

. . 24.69 24.55 24.72 24.42 24.60

. . 24.35 24.15 24.38 24.26 24.28

. . 23.62 23.65 23.46 23.99 23.68

. . 22.52 22.19 20.74 21.63 21.77

. . 20.05 19.57 20.33 18.75 19.68
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34 4 . 2540 – 2551

71

32 . 2540 – 2551

2 20

. . 2524 –  2543 27 °C ( , 2550)

. . 2541

.2550 – 2551, . 2542 –  2543

4

4

. . 2548 – 2551 )

 33 34
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2.  

 71 . 2540 – 2551 . 2540 – 2551

4

9 71

                  . 2540 – 2551

(%)

2540 73.81

2541 73.52

2542 75.72

2543 75.92

2544 75.83

2545 75.66

2546 74.70

2547 73.26

2548 74.43

2549 74.75

2550 73.36

2551 74.63
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35 . 2540 – 2551

10 . 2540 – 2543

2540 2541 2542 2543

(%) 2540-43

. . 69.48 69.68 69.97 70.76 69.97

. . 67.69 66.89 67.32 69.54 67.86

. . 67.35 62.44 66.48 67.65 65.98

. . 70.34 66.11 76.01 75.80 72.07

. . 71.03 72.54 80.77 79.08 75.86

. . 72.42 76.23 78.77 80.68 77.02

. . 78.70 78.92 78.23 79.65 78.87

. . 79.76 80.42 80.20 79.59 79.99

. . 81.55 82.03 81.48 81.59 81.66

. . 80.41 79.28 82.15 81.28 80.78

. . 75.48 76.23 78.44 73.55 75.92

. . 71.54 71.45 68.86 71.92 70.94
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11 . 2544 – 2547

2544 2545 2546 2547

(%) 2544-47

. . 72.54 70.75 70.79 70.08 71.04

. . 67.61 69.63 70.20 69.42 69.21

. . 75.01 68.94 72.07 65.07 70.27

. . 68.89 67.99 69.90 67.17 68.49

. . 79.25 77.68 73.89 76.59 76.85

. . 78.44 78.32 77.90 78.54 78.30

. . 79.07 78.21 79.87 79.06 79.05

. . 80.00 80.69 79.54 79.41 79.91

. . 81.06 82.46 82.61 81.44 81.89

. . 82.34 78.97 78.94 75.04 78.82

. . 73.59 77.63 72.82 70.41 73.61

. . 72.18 76.61 67.86 66.94 70.90

12 . 2548 – 2551

2548 2549 2550 2551

(%) 2548-51

. . 69.01 69.50 66.65 69.06 68.55

. . 66.35 68.97 65.11 68.69 67.28

. . 65.49 68.14 65.72 66.14 66.37

. . 69.37 72.52 68.30 71.75 70.48

. . 73.85 76.92 78.68 77.80 76.81

. . 78.27 78.15 77.20 78.24 77.96

. . 78.73 79.96 77.92 78.62 78.81

. . 80.20 80.19 78.63 79.00 79.51

. . 82.56 81.27 80.49 80.58 81.23

. . 79.37 79.90 79.51 80.70 79.87

. . 78.04 73.35 71.48 75.06 74.48

. . 71.90 68.08 70.63 70.80 70.36
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36 4 . 2540 – 2551

  

, 2550)

72 , 2551)

71

. 2540 – 2551 35

 9

. . 2540 – 2541 . . 2546 – 2547

 ( , 2548) . .

2549 – 2550  ( . . – . .) ( , 2549)

.

2542 – 2543  . 2540 – 2551

4 36 . 2548 –

2551 ( ) . 2544 – 2547 ( ) . 2540 – 2543 (

) 
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3.  

24 . 

 71 . 2540 – 2551 . 2540 – 2551

4

13

                    71 . 2540 – 2551

( / ) 24 . ( / )

( / )

2540 116.1 34.4 9.6

2541 120.8 34.9 9.9

2542 148.6 42.1 12.2

2543 148.9 40.7 11.6

2544 138.3 38.0 11.4

2545 132.3 38.5 11.0

2546 124.2 35.8 10.1

2547 117.2 34.2 9.7

2548 132.6 38.8 10.8

2549 140.9 40.9 11.3

2550 133.1 37.6 10.6

2551 143.2 41.6 11.6
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37 . 2540 – 2551

38 24 . . 2540 – 2551
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39 . 2540 – 2551

14  . 2540 – 2543

2540 2541 2542 2543

( .) 2540-43

. . 4.7 10.3 34.4 17.2 16.7

. . 24.6 20.6 52.5 47.6 36.3

. . 48.1 17.0 68.6 60.0 48.4

. . 80.7 45.2 174.2 178.9 119.7

. . 120.9 167.4 255.1 220.6 191.0

. . 120.7 195.8 166.0 240.0 180.6

. . 232.5 187.2 200.6 201.1 205.4

. . 265.8 238.4 201.6 252.1 239.5

. . 230.1 242.0 237.3 221.2 232.7

. . 149.4 174.4 230.3 185.4 184.9

. . 65.7 100.2 96.8 106.6 92.3

. . 50.4 51.7 65.6 55.5 55.8



53

15  . 2544 – 2547

2544 2545 2546 2547

( .) 2544-47

. . 46.4 7.3 12.2 24.7 22.6

. . 8.8 14.1 22.4 39.0 21.1

. . 159.6 47.7 101.8 18.8 82.0

. . 50.3 68.7 50.4 62.6 58.0

. . 228.0 214.8 141.4 204.7 197.2

. . 191.3 174.1 190.2 222.7 194.6

. . 175.7 159.5 204.9 234.9 193.7

. . 252.0 276.1 223.5 202.9 238.6

. . 216.7 277.2 275.0 242.5 252.8

. . 223.9 136.4 176.4 90.7 156.8

. . 57.6 128.6 51.2 46.6 71.0

. . 49.6 83.6 40.8 16.7 47.7

16  . 2548 – 2551

2548 2549 2550 2551

( .) 2548-51

. . 12.6 46.0 22.1 26.6 26.8

. . 3.4 38.1 10.4 38.0 22.5

. . 39.3 69.6 37.4 44.3 47.7

. . 73.6 117.0 113.3 133.2 109.3

. . 158.2 215.1 276.4 212.9 215.6

. . 192.4 183.9 181.8 197.1 188.8

. . 216.3 248.0 196.2 204.8 216.3

. . 192.7 241.0 207.1 192.7 208.4

. . 306.0 253.2 247.7 287.7 273.7

. . 155.2 205.0 218.5 200.2 194.7

. . 132.3 45.4 60.1 134.7 93.1

. . 109.2 28.1 25.7 46.4 52.3
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40 4 . 2540 – 2551

17  24 . . 2540 – 2543

2540 2541 2542 2543

24 . ( .) 2540-43

. . 3.7 6.9 15.2 7.1 8.2

. . 12.5 12.1 31.0 25.8 20.3

. . 25.2 11.4 31.9 24.8 23.3

. . 34.7 22.4 49.8 54.5 40.4

. . 41.2 50.2 64.4 59.4 53.8

. . 33.0 53.1 41.3 58.6 46.5

. . 49.2 48.7 49.9 50.4 49.5

. . 65.4 59.7 52.7 61.4 59.8

. . 64.2 57.1 58.5 58.7 59.6

. . 46.3 50.8 60.5 47.1 51.2

. . 26.5 31.8 30.1 27.6 29.0

. . 11.1 14.8 19.9 13.3 14.8
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18  24 . . 2544 – 2547

2544 2545 2546 2547

24 . ( .) 2544-47

. . 18.2 4.7 7.1 16.1 11.5

. . 6.1 8.7 14.0 24.4 13.3

. . 51.9 29.8 39.3 11.0 33.0

. . 23.9 32.9 26.8 30.7 28.6

. . 52.4 55.4 46.6 57.6 53.0

. . 49.3 43.9 53.3 59.8 51.6

. . 42.9 39.8 52.1 54.0 47.2

. . 66.5 61.3 53.8 45.5 56.7

. . 53.7 62.3 57.2 59.8 58.3

. . 50.5 45.4 50.4 28.4 43.7

. . 21.9 42.0 14.5 17.8 24.0

. . 18.7 35.3 14.6 5.2 18.5

19  24 . . 2548 – 2551

2548 2549 2550 2551

24 . ( .) 2548-51

. . 9.5 23.3 12.9 18.5 16.0

. . 2.8 20.1 7.0 21.0 12.7

. . 22.6 34.6 21.6 23.3 25.5

. . 35.6 45.6 40.7 49.1 42.7

. . 44.8 56.0 65.6 50.8 54.3

. . 47.0 48.4 49.4 48.9 48.4

. . 53.5 58.0 50.8 46.1 52.1

. . 47.6 56.8 50.5 50.3 51.3

. . 74.2 59.7 57.3 70.0 65.3

. . 44.5 60.9 65.4 54.4 56.3

. . 55.1 16.9 23.7 41.1 34.2

. . 28.4 10.0 6.7 25.7 17.7
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41  24 . 4 . 2540 – 2551

20 . 2540 – 2543

2540 2541 2542 2543

( ) 2540-43

. . 0.9 1.7 4.4 2.7 2.4

. . 2.8 2.4 2.9 5.0 3.3

. . 4.6 2.4 5.7 4.9 4.4

. . 9.1 4.4 14.2 13.3 10.3

. . 10.5 13.7 19.2 16.7 15.0

. . 12.2 14.7 14.9 19.3 15.3

. . 18.5 16.5 17.4 18.4 17.7

. . 18.9 18.8 18.0 17.7 18.4

. . 17.1 18.3 18.6 17.6 17.9

. . 12.7 12.6 17.9 16.2 14.9

. . 5.4 9.2 9.6 4.3 7.1

. . 2.9 4.2 3.9 3.2 3.5
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21 . 2544 – 2547

2544 2545 2546 2547

( ) 2544-47

. . 3.9 1.7 1.9 3.3 2.7

. . 1.5 1.9 3.2 3.5 2.5

. . 11.4 4.7 9.3 2.7 7.1

. . 5.3 6.8 5.2 6.6 6.0

. . 18.6 16.3 13.2 16.1 16.1

. . 16.8 16.3 16.0 16.9 16.5

. . 16.5 17.1 17.6 18.5 17.4

. . 18.4 20.7 16.7 18.0 18.4

. . 17.3 19.7 20.5 17.9 18.9

. . 19.0 11.7 11.7 7.4 12.5

. . 5.2 8.9 3.5 4.6 5.5

. . 3.4 6.3 2.4 1.4 3.4

22 . 2548 – 2551

2548 2549 2550 2551

( ) 2548-51

. . 1.7 5.7 2.1 2.6 3.0

. . 0.6 4.0 1.6 4.4 2.7

. . 4.4 5.0 3.7 4.8 4.5

. . 6.9 10.0 9.6 10.5 9.3

. . 14.1 16.6 19.1 17.1 16.7

. . 17.8 16.8 16.0 16.7 16.8

. . 17.3 19.0 16.7 18.5 17.9

. . 18.5 18.7 18.0 18.3 18.4

. . 19.8 18.6 17.7 19.3 18.8

. . 13.5 13.3 15.0 16.6 14.6

. . 9.1 4.6 5.8 7.8 6.8

. . 5.6 3.1 2.3 2.8 3.5
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42 4 . 2540 – 2551

71

. .2540 – 2551

. .2540 – 2541

. .2542 – 2543, .2550 – 2551

37 35

. 2543

24 . 38

39 . 2542

40  24 . 41

42 4 . 2548 – 2551 (

) . 2544 – 2547 ( ) . 2540 – 2543 ( )
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4.

 71

. 2540 – 2551 . 2540

– 2551 4

23 71

      . 2540 – 2551

( )

2540 1.66

2541 1.64

2542 1.75

2543 1.61

2544 1.65

2545 1.66

2546 1.63

2547 1.73

2548 1.75

2549 1.82

2550 1.93

2551 2.03
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43 . 2540 – 2551

24 . 2540 – 2543

2540 2541 2542 2543

( ) 2540-43

. . 1.52 1.46 1.61 1.74 1.58

. . 1.60 1.74 1.78 1.61 1.68

. . 1.89 2.02 1.67 1.54 1.78

. . 1.57 1.97 1.51 1.38 1.61

. . 2.00 1.70 1.34 1.61 1.66

. . 2.06 1.79 1.91 1.61 1.84

. . 1.93 1.50 2.23 1.83 1.87

. . 2.22 1.32 1.84 1.90 1.82

. . 1.17 1.26 1.35 1.31 1.27

. . 1.09 1.29 1.38 1.32 1.27

. . 1.41 1.62 1.67 1.92 1.66

. . 1.58 2.02 2.81 1.69 2.03
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25 . 2544 – 2547

2544 2545 2546 2547

( ) 2544-47

. . 1.43 1.82 1.72 1.57 1.63

. . 1.52 1.60 1.63 1.76 1.63

. . 1.50 1.80 1.63 1.99 1.73

. . 1.61 1.64 1.50 1.76 1.63

. . 1.71 1.72 1.72 1.76 1.73

. . 1.89 1.66 1.59 1.94 1.77

. . 2.01 2.23 1.49 1.45 1.80

. . 2.16 1.85 1.83 1.88 1.93

. . 1.19 1.49 1.41 1.09 1.29

. . 1.17 1.19 1.53 1.47 1.34

. . 2.02 1.52 1.50 1.86 1.73

. . 1.93 1.41 2.29 1.82 1.86

26 . 2548 – 2551

2548 2549 2550 2551

( ) 2548-51

. . 1.63 1.64 2.29 2.01 1.89

. . 1.63 2.00 2.00 2.32 1.99

. . 2.17 2.05 2.06 2.20 2.12

. . 1.80 1.69 2.03 1.79 1.83

. . 1.63 1.60 1.67 2.01 1.72

. . 1.97 1.73 1.67 1.93 1.83

. . 1.83 2.42 1.99 2.01 2.06

. . 1.85 2.22 2.13 1.93 2.03

. . 1.43 1.38 1.54 1.89 1.56

. . 1.41 1.54 1.94 1.55 1.61

. . 1.53 1.46 2.32 2.52 1.96

. . 2.26 2.40 1.89 2.40 2.24
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44 4 . 2540 – 2551

71

. 2540 – 2551 . 2540

. 2551  43

4 . 2540 – 2551 .

2548 – 2551 ( ) . 2540 – 2543 ( ) . 2544 –

2547 )  44
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5.

 71 . 2540 – 2551

. 2540 – 2551 4

27 71

                    . 2540 – 2551

( )

2540 5.3

2541 5.2

2542 6.1

2543 5.9

2544 5.8

2545 5.6

2546 5.2

2547 5.1

2548 5.6

2549 5.2

2550 5.4

2551 5.8
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45 . 2540 – 2551

28 . 2540 – 2543

2540 2541 2542 2543

( ) 2540-43

. . 2.9 2.5 4.3 3.5 3.3

. . 4.5 2.8 3.4 4.1 3.7

. . 3.5 3.0 3.7 4.3 3.6

. . 4.5 3.5 6.6 6.1 5.2

. . 5.7 5.9 7.5 7.0 6.5

. . 6.3 7.0 7.6 8.0 7.2

. . 8.2 7.0 7.6 7.7 7.6

. . 7.7 7.4 7.9 7.8 7.7

. . 7.4 7.3 7.3 7.4 7.4

. . 5.8 5.9 6.8 6.7 6.3

. . 4.4 5.3 5.5 3.9 4.8

. . 3.3 4.5 4.4 3.8 4.0
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29 . 2544 – 2547

2544 2545 2546 2547

( ) 2544-47

. . 4.1 3.1 3.2 3.3 3.4

. . 3.1 3.3 3.4 3.5 3.3

. . 5.7 3.9 4.8 3.2 4.4

. . 4.0 4.3 3.6 4.1 4.0

. . 7.1 6.6 6.1 6.8 6.7

. . 7.7 7.4 7.1 7.3 7.4

. . 7.6 7.8 7.2 7.8 7.6

. . 8.0 8.3 7.5 7.9 7.9

. . 7.1 7.8 7.6 7.3 7.5

. . 6.6 5.2 5.4 4.0 5.3

. . 4.1 5.0 3.1 3.5 3.9

. . 3.8 4.4 3.2 2.5 3.5

30 . 2548 – 2551

2548 2549 2550 2551

( ) 2548-51

. . 3.2 2.4 3.2 3.0 2.9

. . 2.5 3.6 2.5 4.4 3.2

. . 3.9 3.8 3.4 3.8 3.7

. . 4.5 5.0 4.6 5.4 4.9

. . 6.4 6.5 6.9 7.1 6.7

. . 7.7 6.8 6.5 7.2 7.1

. . 7.5 8.1 7.3 7.7 7.6

. . 8.1 7.9 7.8 7.4 7.8

. . 7.7 6.8 7.3 7.5 7.3

. . 5.9 5.2 6.6 6.3 6.0

. . 5.3 2.7 4.6 5.1 4.4

. . 5.1 2.9 3.2 3.7 3.7
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46 4 . 2540 – 2551

71

. 2540 – 2551  45

35

37 24 . 38

39 . 2542

. 2540 . 2547

. 2551  45

4 . 2540 – 2551

. 2540 – 2543 ( ) . 2544 – 2547 ) 

. 2548 – 2551 ( ) 

46
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6.  

26 . 2540

– 2551

47 . 2540 – 2551

. 2540 – 2551

26

. 2540 . 2551 47
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31 26 . 2540 - 2545

 (ppm)

2540 2541 2542 2543 2544 2545

. 21.1 19.6 18.0 17.8 19.0 19.1

. 14.6 12.5 10.7 13.8 13.1 13.8

. 17.3 16.8 10.8 10.9 11.7 16.6

. 17.8 16.0 17.0 14.6 13.2 15.9

. 20.0 23.1 24.4 24.9 23.2 23.0

. 17.1 19.2 18.5 17.0 13.5 16.4

15.8 22.5 14.2 12.8 16.2 17.9

. 8.5 5.3 11.6 12.5 7.2 2.0

. 15.7 16.6 16.7 16.7 17.0 16.2

. 10.8 9.7 11.0 11.4 10.7 11.2

. 17.3 19.3 13.6 18.6 17.8 17.5

. 9.1 9.4 9.3 8.4 7.6 11.6

. 8.8 9.6 8.7 10.1 8.5 9.0

. 5.0 5.1 3.7 4.1 4.8 5.6

21.2 7.6 11.8 13.7 13.0 15.7

. 12.6 16.7 21.2 14.6 12.7 14.3

. 18.3 26.5 18.4 20.0 18.4 18.4

1 . 20.0 21.9 22.1 23.6 18.2 19.3

. 19.6 20.2 16.5 12.2 17.4 16.2

19.0 21.0 21.3 19.9 17.5 17.5

. . 15.0 17.6 18.7 17.7 15.8 16.8

9.1 13.1 12.1 13.7 15.1 14.8

. 18.4 17.6 14.6 17.7 20.1 15.8

. 17.1 14.4 25.3 16.8 16.8 16.1

. 12.1 7.2 8.5 10.4 11.8 14.5

. 15.1 8.7 9.2 17.3 10.5 9.5

15.2 15.3 14.9 15.0 14.3 14.8



69

32 26 .2546 - 2551

 (ppm)

2546 2547 2548 2549 2550 2551

. 19.5 21.6 20.0 18.6 22.6 21.7

. 13.0 16.8 17.1 15.5 16.3 17.8

. 14.3 17.9 17.9 16.3 19.3 20.2

. 15.1 18.1 18.5 17.6 16.6 16.0

. 23.8 24.1 24.7 27.0 28.0 26.3

. 17.5 19.2 19.0 14.0 15.2 15.3

21.0 21.6 23.6 17.8 22.2 21.8

. 8.7 12.5 12.5 15.1 19.5 16.3

. 19.6 21.4 22.3 19.3 18.0 19.8

. 13.0 13.2 16.6 15.4 14.9 16.4

. 18.5 17.9 18.4 17.9 17.1 19.7

. 16.1 16.1 13.0 14.8 13.2 13.4

. 12.3 15.0 20.1 15.6 15.7 13.8

. 7.0 6.3 7.6 6.5 6.0 5.8

21.6 20.9 20.6 21.6 20.2 22.0

. 14.1 14.8 12.5 18.4 20.8 19.3

. 18.2 19.3 23.1 21.7 22.8 21.6

1 . 18.3 20.7 21.4 20.9 24.7 22.9

. 18.3 16.5 17.7 15.1 19.5 19.4

17.1 20.0 21.2 20.2 20.0 22.2

. . 16.5 16.4 17.5 17.7 18.9 20.4

13.1 13.7 19.3 16.9 16.1 18.3

. 16.8 17.1 16.0 17.1 19.8 19.0

. 19.3 19.4 17.2 18.8 19.3 20.9

. 11.0 12.3 12.5 15.0 14.2 14.8

. 8.7 12.5 15.4 14.5 15.0 20.4

15.9 17.1 17.9 17.3 18.3 18.7
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7.  

 71

.

2540 – 2551 . 2540 – 2551 4

 (Curve Fitting)

MATLAB

33

                    71 . 2540 – 2551

( )

2540 54.75

2541 53.38

2542 60.21

2543 59.52

2544 56.96

2545 57.61

2546 53.90

2547 50.25

2548 59.61

2549 60.34

2550 62.06

2551 63.90
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48 . 2540 – 2551

34 . 2540 – 2551

( )

2540 47.2 61.00 41.0 54.9 65.6

2541 48.6 57.50 51.6 61.6 51.5

2542 53.4 68.69 52.9 70.0 58.3

2543 52.7 64.50 55.3 69.6 59.1

2544 43.0 62.25 50.0 70.7 64.5

2545 49.4 65.75 46.1 68.5 59.4

2546 46.3 62.81 47.6 66.6 49.6

2547 43.3 55.19 37.9 55.7 57.6

2548 51.7 66.19 50.3 70.6 61.3

2549 52.4 64.25 48.3 69.5 67.4

2550 52.4 69.13 55.6 68.4 66.1

2551 56.8 71.94 61.1 66.2 64.9
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49 . 2540 – 2551

35 . 2540 – 2543

2540 2541 2542 2543

( ) 2540-43

. . 0.01 0.27 0.65 0.48 0.35

. . 0.61 0.49 0.99 2.11 1.05

. . 3.70 1.90 3.54 2.86 3.00

. . 7.34 3.37 8.87 8.96 7.14

. . 7.04 9.77 10.86 9.89 9.39

. . 5.83 7.68 5.86 7.58 6.74

. . 4.08 6.79 5.20 5.68 5.44

. . 6.39 8.86 5.14 6.24 6.66

. . 7.65 6.68 8.99 7.21 7.63

. . 8.90 5.07 6.86 6.59 6.86

. . 2.31 1.86 2.87 1.17 2.05

. . 0.82 0.89 0.34 0.70 0.69
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36 . 2544 – 2547

2544 2545 2546 2547

( ) 2544-47

. . 0.66 0.49 0.10 0.58 0.46

. . 0.38 0.42 1.62 0.52 0.74

. . 5.42 2.82 5.58 1.34 3.79

. . 4.99 6.35 4.76 6.27 5.59

. . 9.38 9.48 7.37 9.21 8.86

. . 6.34 8.10 6.44 5.87 6.69

. . 5.21 4.11 7.51 7.54 6.09

. . 5.23 6.70 5.92 5.93 5.94

. . 8.34 6.56 8.66 8.55 8.03

. . 8.66 6.75 4.58 2.89 5.72

. . 1.49 3.66 1.04 1.21 1.85

. . 0.83 2.10 0.19 0.28 0.85

37 . 2548 – 2551

2548 2549 2550 2551

( ) 2548-51

. . 0.06 0.15 0.13 0.30 0.16

. . 0.39 1.07 0.87 0.68 0.75

. . 2.82 4.00 2.77 3.45 3.26

. . 5.82 8.68 7.69 9.01 7.80

. . 10.34 9.37 11.00 9.79 10.12

. . 6.97 8.69 9.93 7.92 8.38

. . 6.63 5.56 6.97 6.65 6.45

. . 5.89 6.34 6.68 7.31 6.55

. . 9.07 7.77 8.37 8.28 8.37

. . 6.55 5.52 5.01 7.92 6.25

. . 3.80 2.35 1.39 2.28 2.46

. . 1.18 0.73 0.35 0.25 0.63
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50 4 . 2540 – 2551

71

. 2540 – 2551  48

49

4 . 2540 – 2551

50 40

 24 . 41 . –

. . – .

4 . 2548 – 2551(

) . 2544 – 2547 ( ) . 2540 – 2543 ( ) 

“M – Curve” (

, 2552)
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38 Thunderstorm days (Td) –

2540 2541 2542 2543

Td - 2540-43

. . 0.00 0.25 0.65 0.05 0.24

. . 0.00 0.25 0.75 1.95 0.74

. . 4.25 2.80 2.30 2.25 2.90

. . 8.10 4.60 8.50 8.30 7.38

. . 6.75 10.70 10.50 9.30 9.31

. . 4.80 5.90 4.80 6.50 5.50

. . 3.20 4.35 4.10 5.35 4.25

. . 6.85 8.60 4.90 6.70 6.76

. . 6.05 6.40 8.25 6.10 6.70

. . 6.15 3.60 6.40 5.90 5.51

. . 0.85 0.80 2.00 0.00 0.91

. . 0.00 0.10 0.00 0.10 0.05

39 Thunderstorm days (Td) –

2544 2545 2546 2547

Td - 2544-47

. . 0.00 1.15 0.00 0.60 0.44

. . 0.00 0.70 1.35 0.05 0.53

. . 3.45 2.25 5.85 0.95 3.13

. . 3.25 5.10 4.95 7.10 5.10

. . 8.60 9.40 6.50 10.55 8.76

. . 4.65 6.60 4.40 5.70 5.34

. . 3.85 2.00 6.90 5.00 4.44

. . 4.70 6.75 4.50 4.90 5.21

. . 7.00 6.40 8.75 6.70 7.21

. . 6.40 5.70 2.75 1.35 4.05

. . 0.80 2.05 0.10 0.10 0.76

. . 0.15 1.10 0.00 0.00 0.31
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40 Thunderstorm days (Td) –

2548 2549 2550 2551

Td - 2548-51

. . 0.20 0.05 0.05 0.05 0.09

. . 0.75 0.75 0.85 0.60 0.74

. . 3.05 2.95 1.95 3.20 2.79

. . 6.45 9.95 7.10 8.40 7.98

. . 8.95 7.75 9.40 8.30 8.60

. . 7.35 8.50 8.55 5.50 7.48

. . 5.80 4.60 4.15 5.05 4.90

. . 3.95 6.65 6.10 6.40 5.78

. . 8.85 6.60 7.90 9.95 8.33

. . 3.85 3.55 3.40 7.65 4.61

. . 2.00 0.45 0.25 1.40 1.03

. . 0.20 0.20 0.05 0.05 0.13

51 4

    . 2540 – 2551
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41 Thunderstorm days (Td) –

2540 2541 2542 2543

Td - 2540-43

. . 0.00 0.56 0.67 0.11 0.33

. . 0.00 0.44 0.44 1.33 0.56

. . 2.00 0.44 1.78 1.67 1.47

. . 4.00 1.56 8.11 7.78 5.36

. . 4.56 9.00 10.22 9.44 8.31

. . 2.56 7.44 3.78 6.78 5.14

. . 1.89 8.00 3.78 4.22 4.47

. . 3.56 7.11 4.22 5.67 5.14

. . 10.44 8.67 8.33 7.89 8.83

. . 10.11 6.67 9.33 10.33 9.11

. . 1.78 1.33 2.22 0.11 1.36

. . 0.11 0.33 0.00 0.00 0.11

42 Thunderstorm days (Td) –

2544 2545 2546 2547

Td - 2544-47

. . 0.67 0.33 0.00 0.56 0.39

. . 0.00 0.11 0.89 0.11 0.28

. . 4.56 0.56 4.89 0.33 2.58

. . 2.67 5.11 1.89 2.44 3.03

. . 7.67 6.56 6.11 5.67 6.50

. . 4.67 7.22 5.56 6.00 5.86

. . 3.33 2.89 6.22 6.89 4.83

. . 2.00 4.56 6.22 5.33 4.53

. . 9.67 5.11 9.00 8.89 8.17

. . 13.22 8.22 6.78 1.56 7.44

. . 1.56 3.89 0.00 0.11 1.39

. . 0.00 1.56 0.00 0.00 0.39
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43 Thunderstorm days (Td) –

2548 2549 2550 2551

Td - 2548-51

. . 0.00 0.00 0.00 0.00 0.00

. . 0.11 0.67 0.00 0.44 0.31

. . 2.22 2.22 1.56 1.44 1.86

. . 4.78 5.44 7.44 8.44 6.53

. . 8.67 6.56 10.67 6.22 8.03

. . 4.11 8.56 11.11 8.00 7.94

. . 4.22 3.11 7.78 7.33 5.61

. . 4.33 3.33 6.00 6.78 5.11

. . 7.56 10.44 6.22 7.67 7.97

. . 8.78 7.00 4.22 11.78 7.94

. . 4.22 0.89 0.33 2.89 2.08

. . 1.33 0.11 0.22 0.11 0.44

52 4

    . 2540 – 2551
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44 Thunderstorm days (Td) –

2540 2541 2542 2543

Td - 2540-43

. . 0.06 0.00 0.06 0.31 0.11

. . 0.25 0.88 0.19 2.44 0.94

. . 6.38 3.19 4.13 1.31 3.75

. . 9.06 4.81 11.06 9.88 8.70

. . 8.94 11.06 12.69 12.75 11.36

. . 8.06 9.94 8.94 9.69 9.16

. . 6.94 8.00 9.13 7.88 7.98

. . 9.13 10.25 6.31 8.50 8.55

. . 6.56 5.63 10.81 7.63 7.66

. . 5.50 3.50 4.63 4.13 4.44

. . 0.13 0.13 0.75 0.00 0.25

. . 0.00 0.13 0.00 0.00 0.03

45 Thunderstorm days (Td) –

2544 2545 2546 2547

Td - 2544-47

. . 0.13 0.06 0.00 0.81 0.25

. . 0.75 0.56 3.25 0.88 1.36

. . 4.63 4.75 5.13 2.19 4.17

. . 5.63 6.31 6.63 8.19 6.69

. . 10.44 11.81 7.63 10.69 10.14

. . 9.75 10.69 7.56 5.38 8.34

. . 7.63 5.94 9.94 11.50 8.75

. . 8.94 9.81 9.38 8.56 9.17

. . 8.88 9.00 11.25 6.94 9.02

. . 5.13 5.25 2.06 0.06 3.13

. . 0.38 1.00 0.00 0.00 0.34

. . 0.00 0.56 0.00 0.00 0.14
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46 Thunderstorm days (Td) –

2548 2549 2550 2551

Td - 2548-51

. . 0.00 0.19 0.00 0.06 0.06

. . 0.50 1.25 1.94 0.06 0.94

. . 2.56 4.81 3.38 4.81 3.89

. . 7.75 9.56 6.69 8.63 8.16

. . 13.13 10.50 10.13 13.63 11.84

. . 8.25 9.31 12.31 10.63 10.13

. . 10.38 7.69 8.94 8.94 8.98

. . 8.38 9.88 9.88 8.50 9.16

. . 11.00 6.19 11.56 10.31 9.77

. . 2.00 3.75 3.75 5.06 3.64

. . 2.25 1.06 0.50 1.25 1.27

. . 0.00 0.06 0.06 0.06 0.05

53 4

                 . 2540 – 2551
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47 Thunderstorm days (Td) –

2540 2541 2542 2543

Td - 2540-43

. . 0.00 0.40 0.50 1.10 0.50

. . 1.00 1.00 1.50 3.20 1.68

. . 3.30 1.30 3.80 4.50 3.23

. . 6.60 3.20 10.60 8.90 7.33

. . 7.90 10.70 12.40 8.70 9.93

. . 5.40 8.40 6.50 8.90 7.30

. . 3.00 8.80 4.50 7.20 5.88

. . 4.80 8.60 5.70 6.40 6.38

. . 8.60 8.30 11.60 10.20 9.68

. . 11.90 6.20 8.60 10.00 9.18

. . 2.40 1.80 4.20 0.20 2.15

. . 0.00 0.70 0.10 0.30 0.28

48 Thunderstorm days (Td) –

2544 2545 2546 2547

Td - 2544-47

. . 0.90 0.80 0.00 1.00 0.68

. . 0.50 0.60 2.60 0.50 1.05

. . 7.10 3.10 7.80 1.50 4.88

. . 8.00 9.00 5.60 5.80 7.10

. . 9.40 12.30 9.30 9.00 10.00

. . 7.50 8.40 8.90 7.40 8.05

. . 4.50 6.70 8.20 9.80 7.30

. . 6.30 5.10 6.30 5.50 5.80

. . 10.70 7.10 10.50 9.70 9.50

. . 13.50 7.60 7.40 4.90 8.35

. . 2.00 4.10 0.00 0.60 1.68

. . 0.30 3.70 0.00 0.00 1.00
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49 Thunderstorm days (Td) –

2548 2549 2550 2551

Td - 2548-51

. . 0.00 0.10 0.50 0.10 0.18

. . 0.00 2.20 0.90 1.00 1.03

. . 4.30 5.70 2.70 3.00 3.93

. . 6.70 7.50 8.90 11.70 8.70

. . 10.50 10.20 12.10 9.70 10.63

. . 7.70 9.80 11.20 7.60 9.08

. . 6.80 8.00 8.30 7.00 7.53

. . 6.10 5.60 7.30 8.40 6.85

. . 11.90 9.70 9.50 7.40 9.63

. . 9.60 8.40 6.00 8.30 8.08

. . 5.10 2.10 1.00 2.00 2.55

. . 1.90 0.20 0.00 0.00 0.53

54 4

                 . 2540 – 2551
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50 Thunderstorm days (Td) –

2540 2541 2542 2543

Td - 2540-43

. . 0.00 0.31 1.31 1.00 0.66

. . 1.81 0.13 2.06 1.75 1.44

. . 1.56 0.69 5.31 4.81 3.09

. . 7.00 1.40 6.50 9.56 6.12

. . 6.38 7.19 8.88 8.75 7.80

. . 7.00 7.31 4.88 6.44 6.41

. . 4.25 6.69 3.88 3.75 4.64

. . 5.69 8.94 4.44 3.63 5.67

. . 8.56 5.94 6.81 5.94 6.81

. . 13.19 6.88 7.19 5.69 8.23

. . 6.56 5.47 5.63 5.00 5.66

. . 3.56 3.06 1.44 2.81 2.72

51 Thunderstorm days (Td) –

2544 2545 2546 2547

Td - 2544-47

. . 1.88 0.00 0.44 0.06 0.59

. . 0.63 0.00 0.13 1.00 0.44

. . 8.13 2.69 4.69 1.44 4.23

. . 5.94 7.00 3.75 5.75 5.61

. . 10.25 7.13 7.69 8.19 8.31

. . 5.25 7.69 6.81 5.56 6.33

. . 6.00 4.00 6.13 5.69 5.45

. . 3.31 5.75 3.81 5.19 4.52

. . 7.25 4.81 4.63 11.56 7.06

. . 9.44 8.19 6.38 7.13 7.78

. . 3.13 7.94 5.00 4.81 5.22

. . 3.31 4.19 0.93 1.25 2.42



84

52 Thunderstorm days (Td) –

2548 2549 2550 2551

Td - 2548-51

. . 0.00 0.38 0.19 1.13 0.42

. . 0.25 0.81 0.31 1.31 0.67

. . 2.19 4.44 3.94 3.81 3.59

. . 3.13 8.75 8.81 8.81 7.38

. . 10.13 11.31 13.38 9.88 11.17

. . 6.38 7.69 7.81 8.38 7.56

. . 5.19 4.50 7.25 5.75 5.67

. . 6.56 4.56 4.19 6.88 5.55

. . 6.50 8.13 6.25 5.06 6.48

. . 11.31 7.13 8.13 8.69 8.81

. . 6.56 7.00 4.56 4.25 5.59

. . 3.06 2.75 1.31 0.94 2.02

55 4

                  . 2540 – 2551



85

56 4

                 . 2540 – 2551

57 4

                 . 2540 – 2551
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58 4

                 . 2540 – 2551

59 4

                 . 2540 – 2551
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60 4

                 . 2540 – 2551

61 4

                 . 2540 – 2551
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62 4

                 . 2540 – 2551

63 4

                 . 2540 – 2551
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64 4

                 . 2540 – 2551

65 4

                 . 2540 – 2551
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4

. 2548 – 2551 ( ) . 2544 – 2547 ( ) 

. 2540 – 2543 ( ) 71

2  36 – 45

53  Td . 2540 – 2551

Td -

. . (°C ) ( )

2540 14.36 54.75

2541 14.52 53.38

2542 14.26 60.21

2543 14.24 59.52

2544 14.40 56.96

2545 14.46 57.61

2546 14.46 53.90

2547 14.43 50.25

2548 14.48 59.61

2549 14.42 60.34

2550 14.40 62.06

2551 14.31 63.90

54 . 2540 – 2551

                     (Thunderstorm days – Td)

. . Td

 (°C ) %  ( ) %

2540-41 0.16 1.11 -1.36 -2.48

2543-44 0.16 1.12 -2.56 -4.30

2544-45 0.06 0.42 0.65 1.14

2547-48 0.05 0.35 9.35 18.61

0.11 0.75 1.52 3.24
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(Thunderstorm days - Td)

. 2540 – 2551 53

 (%) 4

0.75 %

3.24 %

1% 4 %

54  (Price, 2009)

(Thunderstorm days - Td)

53

 (Curve Fitting) MATLAB

 (Linear)

n n

66

66
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Norm of Residuals

67   (Norm of Residuals)

n

 Norm of Residuals

n 67 n

n = 4  Norm of Residuals

x y

n = 3
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68 Linear

69  Thunderstorm days

                  Linear . 2560



94

70  Quadratic

71   Thunderstorm days

                 Quadratic . 2560
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72  Cubic

73  Thunderstorm days

                 Cubic . 2560
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 (Curve Fitting)

MATLAB

Linear  69  Quadratic 71

Cubic  73

(Thunderstorm days - Td)

Linear

14 x  74

74  Norm of Residuals Linear
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8.  

3 5

6 8 10 12

14 16  24 . 

17 19 20 22

24 26 28 30

35 37

. 2540 – . 2551

16  (X) MATLAB

                                       X =  linsolve ( M, Td )   (17)

  

    

75 2540
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76 2541

77 2542
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78 2543

79 2544



100

80 2545

81 2546



101

82 2547

83 2548



102

84 2549

85 2550
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86 2551

2551

                     (18)

10 %

55  ( ) 10 % ( ) 2540

M1 M2 M3 M4 M5 M6 M7 M8

24

(°C) (°C) (%) ( .) ( .) ( ) ( ) ( )

32.96 22.78 73.81 116.13 34.42 9.63 1.67 5.35

36.26 25.06 81.19 127.75 37.86 10.60 1.84 5.89
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56 10 % 2540 ( )

M1 M2 M3 M4 M5 M6 M7 M8

24

(°C) (°C) (%) ( .) ( .) ( ) ( ) ( )

36.26 22.78 73.81 116.13 34.42 9.63 1.67 5.35

32.96 25.06 73.81 116.13 34.42 9.63 1.67 5.35

32.96 22.78 81.19 116.13 34.42 9.63 1.67 5.35

32.96 22.78 73.81 127.75 34.42 9.63 1.67 5.35

32.96 22.78 73.81 116.13 37.86 9.63 1.67 5.35

32.96 22.78 73.81 116.13 34.42 10.60 1.67 5.35

32.96 22.78 73.81 116.13 34.42 9.63 1.84 5.35

32.96 22.78 73.81 116.13 34.42 9.63 1.67 5.89

87 Td 10 % 2540
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57 Td 10 % 2540 - 2543

(M) . . 2540 2541 2542 2543

( ) ( )

1 (°C) 4.942 7.059 4.395 10.873

2 (°C) 5.392 1.950 7.785 2.024

3 (%) 4.081 3.373 3.930 3.251

4 ( .) 3.980 4.336 7.594 6.080

5 24 . ( .) 5.021 5.167 3.765 4.488

6 ( ) 5.486 5.237 3.271 6.886

7 ( ) 4.211 5.110 4.415 4.702

8 ( ) 3.774 3.952 5.412 1.842

58 Td 10 % 2544 - 2547

(M) . . 2544 2545 2546 2547

( ) ( )

1 (°C) 4.629 7.123 6.170 8.657

2 (°C) 5.985 4.217 4.110 1.637

3 (%) 4.429 4.096 3.429 2.845

4 ( .) 4.457 4.511 4.293 3.648

5 24 . ( .) 4.970 4.870 4.610 4.401

6 ( ) 5.833 6.430 5.573 6.757

7 ( ) 4.590 4.372 4.482 4.030

8 ( ) 3.545 3.262 3.678 1.825
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59 Td 10 % 2548 - 2551

(M) . 2548 2549 2550 2551

( ) ( )

1 (°C) 6.632 4.893 4.437 4.972

2 (°C) 5.481 9.028 6.902 7.542

3 (%) 2.837 1.778 4.967 4.067

4 ( .) 5.089 5.056 4.898 5.346

5 24 . ( .) 5.177 4.899 5.008 5.656

6 ( ) 4.802 6.123 6.615 5.244

7 ( ) 4.260 4.939 5.044 4.683

8 ( ) 5.901 3.963 3.263 5.561

88 Td 2540 - 2551 10 %
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10 %

56

( . 2540) 10 %

. 2540 – . 2551 57

59

. 2540 – . 2551

88

1.  

2.

71  124 26 59

3.

. 2551
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 1%  4 %

 (Aerosols)

 (

) 
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. 2550. . : http://www.tmd.go.th,

9 2553.

. 2551. . : http://www.tmd.go.th,

14 2553.

. 2552. . : http://www.tmd.go.th,

17 2553.

. 2550. . . 2550.

, .

. 2550. .

              : http://www.tmd.go.th , 17  2552.

. 2548.  ( ).

, .

. 2549.  ( ).

, .

. 2548. , .51-55.

 “

              ”. , .

. 2522. . 

               , .

http://www.tmd.go.th/
http://www.tmd.go.th/
http://www.tmd.go.th/
http://www.tmd.go.th/
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. 2540.  MATLAB.

, .

. 2552. .

              , .

. 2550. .

              , .

. 2550. .

, .

. 2552.

2494-2551.

2552. , .

. 2552.   1 ° .

 6 %. : http://www.tmd.go.th, 24  2552.

. 2535. . : http://etc1992.co.th/index.php/2010-12-

09-12-49-49/204-ozone.html, 4 2553.
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1

/WMO Index

1 300201/48300 19.18.0 97.50.0

2 300202/48325 18.10.0 97.56.0

3 303201/48303 19.57.41 99.52.53

4 303301/48304 . 19.52.15 99.46.58

5 310201/48310 19.8.0 99.54.0

6 327202/48302 19.55.53 99.2.54

7 327301/48326 . 18.55.0 99.0.0

8 327501/48327 18.47.24 98.58.37

9 328201/48328 18.17.0 99.31.0

10 328202/48324 17.38.6 99.14.5

11 328301/48334 . 18.19.0 99.17.0

12 329201/48329 18.34.0 99.2.0

13 330201/48330 18.10.0 100.10.0

14 331201/48331 18.46.47 100.46.40

15 331301/48333 . 18.52.0 100.45.0

16 331401/48315 19.6.38 100.48.9

17 331402/48307 19.24.43 100.53.7

18 351201/48351 17.37.0 100.6.0

19 352201/48352 17.52.0 102.43.0

20 353201/48353 17.27.0 101.44.0

21 353301/48350 . 17.24.0 101.44.0

22 354201/48354 17.23.0 102.48.0

23 356201/48356 17.9.0 104.8.0

24 356301/48355 . 17.7.0 104.3.0

25 357201/48357 17.25.0 104.47.0

26 357301/48358 . 17.26.0 104.47.0

27 373201/48372 17.6.22 99.48.0

28 373301/48373 . 17.10.0 99.52.0

29 376201/48376 16.52.42 99.8.36

30 376202/48375 16.39.33 98.33.3
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1  ( )

/WMO Index

31 376203/48377 17.14.0 99.3.0

32 376301/48387 . 16.45.0 98.56.0

33 376401/48385 16.0.57 98.51.56

34 378201/48378 16.47.0 100.16.0

35 379201/48379 16.26.0 101.9.0

36 379401/48374 16.46.25 101.14.58

37 379402/48413 15.39.25 101.6.30

38 380201/48380 16.29.0 99.32.0

39 381201/48381 16.27.48 102.47.12

40 381301/48384 . 16.20.0 102.49.0

41 383201/48383 16.32.0 104.43.0

42 386301/48386 . 16.26.17 100.17.33

43 387401/48382 16.14.50 103.4.5

44 388401/48390 16.19.57 103.35.18

45 400201/48400 15.48.0 100.10.0

46 400301/48401 . 15.21.0 100.30.0

47 402301/48402 . 15.9.0 100.11.0

48 403201/48403 15.48.0 102.2.0

49 405201/48405 16.3.0 103.41.0

50 405301/48404 . 16.4.0 103.37.0

51 407301/48408 . 15.23.33 105.3.33

52 407501/48407 ( ) 15.15.0 104.52.0

53 409301/48409 15.2.0 104.15.0

54 415301/48415 14.31.0 100.43.0

55 419301/48419 ( ) 14.6.0 100.37.0

56 423301/48458 13.30.56 101.27.30

57 424301/48464 13.29.23 99.47.32

58 425201/48425 14.28.28 100.8.20

59 425301/48427 . 14.18.0 99.52.0

60 426201/48426 14.48.0 100.37.0
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61 426401/48418 15.15.50 101.11.30

62 429201/48457 13.22.38 100.35.58

63 429601/48429 13.41.11 100.46.3

64 430201/48430 14.3.0 101.22.0

65 430401/48439 13.59.0 101.42.26

66 431201/48431 14.57.46 102.4.36

67 431301/48435 . 14.38.38 101.19.15

68 431401/48434 14.43.8 102.10.7

69 432201/48432 14.53.0 103.30.0

70 432301/48433 . 14.53.0 103.27.0

71 432401/48416 15.19.0 103.41.0

72 436201/48437 15.13.0 103.14.0

73 436401/48436 14.35.0 102.48.0

74 440201/48462 13.42.0 102.35.0

75 440401/48440 13.47.20 102.2.5

76 450201/48450 14.1.21 99.32.9

77 450401/48421 14.44.32 98.38.11

78 451301/48451 14.1.0 99.58.0

79 455201/48455 13.43.35 100.33.36

80 455203/48454 13.42.25 100.34.5

81 455301/48453 . 13.40.0 100.37.0

82 455302/48452 . 13.51.0 100.35.0

83 455601/48456 13.55.9 100.36.18

84 459201/48459 13.22.0 100.59.0

85 459202/48460 13.9.42 100.48.7

86 459203/48461 12.55.12 100.52.10

87 459204/48477 12.41.0 100.59.0

88 459205/48463 13.4.37 100.52.33

89 465201/48465 12.59.58 100.3.38

90 478201/48478 12.37.56 101.20.37



118

1  ( )

/WMOIndex

91 478301/48479 . 12.44.0 101.8.0

92 480201/48480 12.37.0 102.6.48

93 480301/48481 . 12.30.31 102.10.23

94 500201/48500 11.50.0 99.50.0

95 500202/48475 12.35.10 99.57.45

96 500301/48474 . 12.35.0 99.44.0

97 501201/48501 11.46.0 102.53.0

98 517201/48517 10.29.0 99.11.0

99 517301/48520 . 10.20.0 99.6.0

100 532201/48532 9.59.0 98.37.0

101 551201/48551 9.8.8 99.9.7

102 551202/ - (2) 9.8.8 99.9.7

103 551203/48550 9.28.0 100.3.0

104 551301/48555 . 9.6.0 99.38.0

105 551401/48556 . 8.34.0 99.16.0

106 552201/48552 8.32.16 99.56.50

107 552202/48553 9.14.35 99.51.27

108 552301/48554 . 8.3.0 100.0.0

109 552401/48557 8.25.55 99.30.43

110 560301/48560 . 7.35.0 100.10.0

111 561201/48561 8.41.3 98.15.8

112 564201/48564 7.53.0 98.24.0

113 564202/48565 ( ) 8.8.42 98.18.52

114 566201/48566 7.32.0 99.3.0

115 566202/48563 8.3.0 98.54.0

116 567201/48567 7.31.0 99.37.0

117 568301/48571 . 7.0.0 100.30.0

118 568401/48574 6.47.53 100.23.26

119 568501/48568 7.12.14 100.36.17

120 568502/48569 6.55.0 100.26.0
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121 570201/48570 6.39.0 100.5.0

122 580201/48580 6.47.0 101.9.0

123 581301/48581 . 6.31.0 101.17.0

124 583201/48583 6.25.0 101.49.0

: (2550)
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. 2494 - 2553
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1

Min . Max . .

1 18 2547 94 2511 2494

2 16 2549 72 2520 2494

3 52 2539 149 2498 2494

4 . 73 2549 115 2553 2549

5 29 2549 88 2526 2523

6 53 2549 69 2550/53 2549

7 . 27 2549 30 2550 2549 - 2550

8 29 2540 134 2501 2494

9 31 2544 121 2499 2494

10 11 2548 39 2547 2547

11 . 47 2553 66 2549 2549

12 30 2547 83 2526 2525

13 37 2536 117 2511 2495

14 36 2547 84 2526 2525

15 . 25 2550 63 2549 2549

16 46 2529/30 106 2532 2529

17 7 2551/53 66 2542 2541

18 17 2529 92 2496 2494

19 55 2549 138 2518 2507

20 51 2535 142 2500 2497

21 . 78 2549 110 2553 2549

22 40 2510 139 2503 2494

23 63 2510 126 2494 2494

24 . 52 2549 75 2551 2549

25 60 2539 149 2496 2495
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1  ( )

Min . Max . .

26 . 100 2553 126 2551 2549

27 57 2547 80 2545 2543

28 . 38 2553 65 2549 2549

29 9 2535 114 2499 2497

30 10 2540 92 2496 2494

31 15 2543/44 82 2505 2502

32 . 43 2553 54 2550 2549

33 11 2553 97 2531 2529

34 40 2536 136 2496 2494

35 39 2553 119 2496 2494

36 38 2547 93 2532 2529

37 14 2537 100 2530 2529

38 18 2545 100 2526 2524

39 43 2540 136 2496 2494

40 . 48 2552 77 2549 2549

41 15 2528 125 2499 2494

42 . 57 2552 77 2551 2549

43 18 2529 73 2549 2529

44 27 2550 51 2548/49 2541

45 36 2498 108 2518 2494

46 . 67 2549 106 2551 2549

47 . 59 2552 84 2551 2549

48 13 2528 108 2505 2499

49 39 2541 116 2503 2494

50 . 44 2553 56 2550 2549
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1  ( )

Min . Max . .

51 . 53 2539 139 2494 2494

52  ( ) 90 2553 106 2550 2549

53 51 2551 77 2549 2549

54 66 2550 83 2552 2549

55  ( ) 53 2550 66 2551 2549

56 87 2549 112 2553 2549

57 44 2549 99 2553 2549

58 26 2547 132 2496 2494

59 . 13 2550 21 2553 2549

60 40 2549 101 2498/2511 2494

61 55 2537 93 2534 2529

62 29 2547 68 2531 2529

63 94 2552 117 2553 2551

64 50 2544 164 2508 2494

65 23 2538 130 2548 2529

66 39 2540 145 2496 2494

67 . 40 2549 73 2553 2549

68 26 2531 91 2536 2529

69 52 2541 174 2496 2494

70 . 59 2550 80 2552 2549

71 38 2553 88 2545 2529

72 53 2546 72 2551 2546

73 30 2534 62 2539 2529

74 45 2515 127 2518 2494

75 78 2547 112 2552 2541
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1  ( )

Min . Max . .

76 8 2533 109 2508 2494

77 8 2553 70 2530 2529

78 42 2550 61 2551 2549

79 50 2540 126 2518 2494

80 31 2542 83 2541 2537

81 . 82 2549 122 2553 2549

82 . - - - - -

83 31 2534 113 2499 2494

84 31 2536 185 2496 2494

85 38 2540 163 2509 2502

86 33 2550 97 2526 2525

87 34 2535 125 2496 2494 - 2548

88 36 2537 73 2552 2536

89 18 2540 123 2528 2520

90 17 2529 86 2553 2525

91 . 45 2551 99 2553 2549

92 48 2533 181 2496 2494

93 . 76 2553 114 2551 2549

94 21 2547 134 2496 2494

95 18 2540 148 2496 2494

96 . 42 2549 61 2550 2549

97 55 2535/37/47 229 2496 2494

98 51 2546 142 2497 2494

99 . 91 2549 122 2552 2549

100 36 2535 115 2500 2494
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1  ( )

Min . Max . .

101 53 2538/51 193 2497

2494 - 2539,

2549

102 36 2539 97 2528 2528

103 54 2548 139 2513 2511

104 . 54 2553 118 2550 2549

105 . 18 2542 156 2544 2541

106 54 2538 167 2496 2494

107 38 2543 65 2544 2537 - 2544

108 . 67 2552 141 2549 2549

109 37 2546/53 94 2542 2541

110 . 39 2549 112 2552 2549

111 35 2529 141 2520 2518

112 19 2507 80 2540 2494

113  ( ) 10 2532 118 2512 2494

114 8 2548 88 2526 2525

115 21 2550 74 2540 2537

116 57 2546 177 2509 2494

117 . 57 2552 80 2550 2549

118 12 2549 64 2542 2541

119 57 2539 169 2509 2494

120 26 2528 148 2518 2516

121 58 2546 151 2525 2520

122 52 2553 144 2512 2507

123 . 76 2552 96 2551 2549

124 49 2535 140 2508 2494
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2 . 2494-2553

Average

All

yrs.

30

yrs.

10

yrs. ( ) .

1 58.6 43.8 39.3 54 60 2494

2 45.6 38.0 34.7 54 60 2494

3 90.3 76.8 77.4 57 60 2494

4 . 88.4 88.4 88.4 5 5 2549

5 60.9 60.9 52.6 27 31 2523

6 63.4 63.4 63.4 5 5 2549

7 . 28.5 28.5 28.5 2 2 2549 - 2550

8 67.0 43.2 41.8 57 60 2494

9 75.8 56.4 50.6 55 60 2494

10 25.3 25.3 25.3 7 7 2547

11 . 56.0 56.0 56.0 3 3 2549

12 47.8 47.8 36.1 26 29 2525

13 76.5 59.4 64.4 55 59 2495

14 54.4 54.4 46.7 26 29 2525

15 . 36.8 36.8 36.8 5 5 2549

16 81.8 81.8 80.6 25 25 2529

17 18.9 18.9 12.5 12 13 2541

18 56.5 44.8 48.5 57 60 2494

19 87.9 80.4 72.9 42 47 2507

20 95.5 72.4 72.8 54 57 2497

21 . 94.0 94.0 94.0 5 5 2549

22 83.2 72.4 71.8 57 60 2494

23 89.3 83.9 80.6 57 60 2494
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Average

All

yrs.

30

yrs.

10

yrs. ( ) .

24 . 62.8 62.8 62.8 5 5 2549

25 96.9 78.6 80.0 53 59 2495

26 . 110.2 110.2 110.2 5 5 2549

27 68.5 68.5 68.7 11 11 2543

28 . 53.0 53.0 53.0 3 3 2549

29 57.1 37.4 45.9 53 57 2497

30 38.8 24.9 18.5 57 60 2494

31 46.3 34.9 23.9 46 52 2502

32 . 49.3 49.3 49.3 3 3 2549

33 49.8 49.8 33.9 25 25 2529

34 75.2 65.4 71.4 57 60 2494

35 83.4 64.5 54.2 56 60 2494

36 70.8 70.8 59.8 25 25 2529

37 62.3 62.3 63.8 24 25 2529

38 53.7 53.7 51.1 27 29 2524

39 83.3 57.5 54.9 57 60 2494

40 . 66.2 66.2 66.2 5 5 2549

41 76.8 60.8 61.3 56 60 2494

42 . 70.0 70.0 70.0 5 5 2549

43 53.0 53.0 57.6 25 25 2529

44 41.6 41.6 42.3 13 13 2541

45 76.0 73.6 76.3 57 60 2494

46 . 87.2 87.2 87.2 5 5 2549
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Average

All

yrs.

30

yrs.

10

yrs. ( ) .

47 . 73.4 73.4 73.4 5 5 2549

48 69.4 54.3 51.5 52 55 2499

49 74.1 54.3 57.8 57 60 2494

50 . 49.2 49.2 49.2 5 5 2549

51 . 82.9 74.3 74.5 56 60 2494

52  ( ) 99.0 99.0 99.0 5 5 2549

53 67.7 67.7 67.7 3 3 2549

54 75.6 75.6 75.6 5 5 2549

55  ( ) 57.2 57.2 57.2 5 5 2549

56 98.6 98.6 98.6 5 5 2549

57 77.0 77.0 77.0 5 5 2549

58 61.6 46.3 42.8 57 60 2494

59 . 16.5 16.5 16.5 4 4 2549

60 66.6 58.9 54.8 57 60 2494

61 75.0 75.0 73.6 23 25 2529

62 48.6 48.6 48.6 25 25 2529

63 105.3 105.3 105.3 3 3 2551

64 94.4 78.9 76.5 57 60 2494

65 65.7 65.7 81.0 24 25 2529

66 78.2 60.0 62.7 57 60 2494

67 . 60.0 60.0 60.0 5 5 2549

68 59.8 59.8 66.8 25 25 2529

69 98.3 70.3 67.8 57 60 2494
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Average

All

yrs.

30

yrs.

10

yrs. ( ) .

70 . 66.4 66.4 66.4 5 5 2549

71 67.8 67.8 65.3 25 25 2529

72 64.0 64.0 64.0 8 8 2546

73 46.4 46.4 47.4 25 25 2529

74 77.9 72.5 59.8 55 60 2494

75 99.1 99.1 99.1 12 13 2541

76 49.8 30.9 26.9 57 60 2494

77 21.8 21.8 15.4 23 25 2529

78 51.8 51.8 51.8 5 5 2549

79 85.8 76.8 75.2 57 60 2494

80 57.2 57.2 56.7 17 17 2537

81 . 106.8 106.8 106.8 5 5 2549

82 . - - - - - -

83 73.1 60.3 67.9 56 60 2494

84 79.2 51.8 53.1 58 60 2494

85 90.7 71.2 64.9 49 52 2502

86 51.9 51.9 44.3 27 29 2525

87 68.3 57.6 57.6 47 55 2494 - 2548

88 53.6 53.6 57.3 18 18 2536

89 56.0 55.3 51.9 30 34 2520

90 53.8 53.8 60.9 26 29 2525

91 . 64.4 64.4 64.4 5 5 2549

92 106.3 79.1 89.3 57 60 2494
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Average

All

yrs.

30

yrs.

10

yrs. ( ) .

93 . 99.4 99.4 99.4 5 5 2549

94 62.8 36.6 34.9 57 60 2494

95 63.0 31.8 29.1 57 60 2494

96 . 48.4 48.4 48.4 5 5 2549

97 113.6 79.2 87.2 55 60 2494

98 94.6 69.2 62.5 56 60 2494

99 . 106.8 106.8 106.8 5 5 2549

100 65.2 54.0 57.9 57 60 2494

101 112.9 112.9 112.9 48 51

2494 - 2539,

2549

102 57.1 57.1 57.1 18 24 2528

103 89.3 82.9 73.3 39 43 2511

104 . 78.4 78.4 78.4 5 5 2549

105 . 91.9 91.9 97.1 13 13 2541

106 95.8 78.7 82.7 55 60 2494

107 50.0 50.0 50.0 7 8 2537 - 2544

108 . 88.8 88.8 88.8 5 5 2549

109 60.8 60.8 56.6 12 13 2541

110 . 85.2 85.2 85.2 5 5 2549

111 72.7 61.8 63.5 30 36 2518

112 49.4 46.4 48.0 57 60 2494

113  ( ) 69.5 47.8 47.0 55 60 2494

114 33.3 33.3 19.9 27 29 2525
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Average

All

yrs.

30

yrs.

10

yrs. ( ) .

115 48.6 48.6 47.8 12 17 2537

116 105.6 94.4 84.4 57 60 2494

117 . 70.8 70.8 70.8 5 5 2549

118 37.5 37.5 32.3 12 13 2541

119 101.9 82.4 84.6 57 60 2494

120 80.7 67.6 73.2 35 38 2516

121 99.4 95.3 93.6 30 34 2520

122 93.5 86.1 82.9 38 47 2507

123 . 89.8 89.8 89.8 5 5 2549

124 84.3 71.2 74.8 56 60 2494
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