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Abstract

The objective of this research is to investigate predicted mean vote (PMV) and
physiologically equivalent temperature (PET). The RayMan Model was used for calculating
the PMV and PET combined with questionnaire from population in Muang Phetchabun
province. It was found that the sensation of subject to climate in their area were 60 and 40
percent in uncomfortable and very uncomfortable, respectively. The most parameter that
population unlike was the temperature. The predicted mean vote were rang 1.8 - 3.2
indicated the climate was warm to hot. The physiologically equivalent temperature were
rang 31.3 - 38.7 degree Celsius which the sensation of population correlated with RayMan
Model for calculating the comfort index in urban and the urban climate in Phetchabun

province showed hot weather.
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1) mmﬂmmmﬂﬁ’nmu@uﬁqm (Equatorial Low or Equatorial Trough) 1AunAINTA

Uniegsendng 1011-1008 hPa. (29.9-29.8 11 1) egsznitwaziyn 5 esaunileds 5 oemls wwnil &
Fo138n71 Inter-Tropical Convergence Zone (ITCZ) WUulunanasu (Doldrum) iWuluivgnzvesa
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- Eastern Pacific 3@ Pacific Anticyclone

- Eastern North Atlantic 39 Azores Anticyclone
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a) aunaenedalan (Polar High) e1meamvunafuunn Jundonmnunneiniagsisans 2
U310 Ao Canadian High and Siberian High
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3.6 mMevsuluiwnsau (Tropical Cyclone)
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62-117 Alawnsrotalus
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Aun gaumgll Anusaay anududunivg ananiiendenine Jminmesysal dausidou

UNSIAU 2556 — @Al 2556

3.2 Tduuuseunuiieaiuanudouldsaune (Thermal Comfort) fungusegisieuszvvuly
o.dles Srfamasysal Tnedennguiogauuuutsdunudnery  meanudEndegumaiman
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Tngd1sBanann ASHRAE Standard 55 (1992) Aifinsuudly 7 sedfy wsiteviiliiuganuidnls
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MlATIERAmNMITweAINTsInaaie (Predicted Mean Vote: PMV) 91ndeyalaain
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-3.96 x 10—8 fd X [(td + 273)4 = (T mrt + 273)4 - fclhc (JL'C[ - ta)} (1)

19g7 M ABNaIIUANUSDUlUS19N187LANIINNTEUINAS Metabolic rate (W/m2), W fip
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3.3 N15AUI Physiologically equivalent temperature (PET)

Agauniifieuwininieaisine: Wukuudtaemiimuaugannudeunsea3singt Thermo-

physiological heat balance model) U3 2
H+C+R+ED+Esr+ Elr+ Esw+Ef =S (2)

dle  H
C
R = Radiative heat flux

Heat production

Covective heat flux

ED = Water vapor diffusion

Esr = Sensible heat loss by respiration

Elr = Latent heat lost by respiration

Esw = Heat lost by sweat evaporation

Ef = Heat added or lost from food or drink

S = Net heat stored in the core

3.4 n5h 1Usunsu RayMan 1.2 A1wae PMV wag PET
Wdeyanliannisiiudeyanenienisuardoyarnuuuaouniu Werwin PMV uag

PET aaelusunsy RayMan Model
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U fouaz
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-9y a4 44.0
- NS 56 56.0
570 100 100.0
2. 91Y
- 6-12 8 8.0
- 13181 8 8.0
- 18-25¥ 12 12.0
- 25321 10 10.0
- 32381 9 9.0
- 39459 14 14.0
- 46-551 15 15.0
- 55 Pquly 24 24.0
57 100 100.0
3. mimmga
- \HeBauvudu 24 24.0
- \efauauem 16 16.0
- LgaL%G]LL“Uuézu 34 34.0
- L?{/E]L%G]LL“UNEJTJ 26 26.0
593 100 100.0
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6. NANTIU
- Yineeu 9 9.0
- 9UNNAR/ATBUNTNED 21 21.0
- YR 24 24.0
- Ut 15 15.0
- s 31 31.0
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7. svoziaanitegluiiuil
- UeyNi1 5 W 11 11
- 5-15 wii 21 21
- 15-30 w1 29 29
- 307 - 1 4alug 22 22
-1l Fuly 17 17
33U 100 100
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- lavy 60 60.0
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M15797 4.2 A1 PMV wag PET
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nsUana
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Sensation Scales

I3

wlara iy | e | Aeude W WoR gu Aoulna | du | Seu

WU Lantien \Aniae U

q




42

M15199 4.4 nsudanaan PET (Matzarakis agagiy 2006)
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o v 1dou | snmen | 0:f 2013 ~ Wig: el
v o 12R1919293Q »
ufl \RAD
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 20.0 18.2 17.0 25.0 29.0 29.5 25.0 215 23.15

2 20.0 19.0 18.3 25.5 31.0 33.1 28.5 23.6 24 .88

3 21.0 19.6 18.9 26.2 32.0 335 28.8 25.9 25.74

4 23.2 21.2 20.2 26.2 31.0 32.0 28.0 23.3 25.64

5 21.0 19.5 18.0 25.5 314 32.6 274 24.0 24.93

6 214 19.9 18.5 27.0 30.6 31.0 26.9 21.9 24.65

7 19.6 18.0 17.0 25.3 31.3 32.6 28.0 23.0 24.35

8 21.0 19.0 19.0 26.4 32.5 33.3 28.0 23.1 25.29

9 204 18.6 17.8 25.2 32.5 33.6 28.0 23.3 24.93

10 20.6 19.5 19.3 26.4 30.3 32.2 28.0 24.3 25.08

11 22.3 21.3 21.0 26.6 31.0 31.6 27.7 23.7 25.65

12 22.0 20.3 20.5 25.5 30.0 30.5 27.3 24.5 25.08

13 24.0 22.3 19.9 26.6 304 33.0 28.0 22.9 25.89

14 21.0 19.4 18.1 25.9 31.9 32.0 27.4 22.9 24.83

15 20.6 20.0 19.2 255 31.3 33.3 28.0 23.0 25.11

16 21.5 20.5 20.0 26.4 32.4 33.7 28.7 24.9 26.01

17 23.4 22.5 20.3 27.0 31.7 32.6 27.4 23.6 26.06

18 23.2 21.8 20.0 26.5 30.0 31.0 27.0 22.5 25.25

19 20.5 18.0 16.9 25.6 29.4 31.1 25.6 21.7 23.60

20 19.5 17.4 16.3 23.2 30.8 32.1 27.0 21.8 23.51

21 19.1 17.7 16.5 23.8 31.5 33.0 28.5 23.0 2414

22 20.5 19.3 18.8 25.9 33.0 34.6 29.0 24.5 25.70

23 22.8 20.6 194 26.0 33.4 35.0 29.8 26.0 26.63

24 23.8 23.0 23.5 27.5 33.8 34.5 30.3 26.5 27.86

25 24.0 23.0 23.0 23.0 26.0 29.6 27.2 24.9 25.09

26 24.2 23.5 23.0 25.0 30.3 32.7 29.4 25.9 26.75

27 25.0 24.3 24.0 26.0 29.5 32.0 29.5 26.0 27.04

28 24.5 23.6 22.0 24.0 27.2 28.2 25.5 23.5 24.81

29 21.5 20.5 20.7 22.0 27.0 30.5 27.2 24.2 24.20

30 22.5 21.8 21.5 25.0 31.0 31.3 28.0 25.3 25.80

31 23.7 23.0 22.6 23.0 27.6 27.5 23.4 22.0 24.10

IRae 21.86 20.53 19.72 25.44 30.67 32.04 27.69 23.78 25.22
anninidasme ©  35.0 avenaidos Lleiud 23 unvian 2013
ananinddenaa :  16.3 avenaidos 1l iud 20 unen 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




\ Ao via j LD :‘ AN S j i :| 2013 j VOGN GRITIRIEiHE
v o 12R1919293Q »
ufl IR
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 21.5 20.5 19.8 24.0 29.2 31.6 28.0 25.3 24.99

2 23.7 22.9 22.0 24.5 29.5 30.8 275 25.3 25.78

3 23.0 21.7 21.0 255 30.1 32.0 284 26.0 25.96

4 24.0 23.2 22.2 28.2 33.7 35.2 30.5 26.0 27.88

5 23.6 22.7 215 27.7 34.3 36.0 30.7 26.7 27.90

6 24.5 23.0 22.0 28.3 34.9 36.7 30.6 274 28.42

7 24.5 22.0 21.0 28.1 33.7 36.5 31.1 26.0 27.86

8 22.9 20.5 19.0 274 33.7 36.6 31.6 27.0 27.34

9 24.9 22.9 22.0 27.7 33.9 344 30.7 28.0 28.06

10 25.3 24.4 24.0 28.8 33.0 35.0 31.1 27.6 28.65

11 24.8 234 23.0 284 34.5 34.6 31.2 27.8 28.46

12 25.3 23.5 22.2 29.0 35.0 36.4 32.3 28.0 28.96

13 25.1 25.1 23.0 28.9 32.1 35.1 30.0 244 27.96

14 221 20.4 24.2 27.5 34.0 35.5 30.7 25.8 27.52

15 22.8 21.0 20.0 27.0 355 37.7 324 25.9 27.79

16 23.4 21.7 20.9 27.6 34.4 36.1 32.6 26.9 27.95

17 24.5 23.2 21.6 29.0 35.0 37.0 32.3 28.0 28.83

18 25.3 24.0 23.0 29.0 34.8 36.2 31.5 28.0 28.98

19 25.3 24.6 23.7 28.0 32.7 33.5 29.5 271 28.05

20 26.1 24.8 23.6 29.7 34.5 37.0 31.0 27.5 29.27

21 25.7 24.2 23.3 29.0 33.5 35.3 31.1 28.7 28.85

22 25.0 24.0 23.0 28.5 32.0 33.9 29.9 27.5 27.98

23 24.7 23.1 22.0 27.0 32.0 33.5 29.8 24.8 27.11

24 23.0 22.0 21.4 28.0 32.7 35.3 31.5 26.0 27.49

25 22.5 21.9 20.7 30.7 36.0 37.5 33.4 28.8 28.94

26 25.5 23.8 22.4 29.8 37.6 38.8 33.7 29.0 30.07

27 26.6 24.5 23.4 31.0 37.0 38.9 34.0 30.4 30.73

28 29.0 27.9 26.6 30.7 35.8 37.4 32.7 29.2 31.16

oY) 24.45 23.10 22.23 28.18 33.75 35.52 31.06 2711 28.18
anninidasme ©  38.9 avenaaidum Ll iun 27 anmius 2013

anuninddonaa ;. 19.0 aveniaidos Llaiud 8 aumius 2013

wnpwa ;- §o luddenanse luldaaia;




o | ideu ;| fiwen | 0:f 2013 ~ Wig: el
v o 12R1919293Q »
ufl \RAD
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 27.6 27.1 25.8 32.0 36.0 37.8 33.8 29.0 31.14

2 27.3 25.8 25.5 32.0 37.3 34.0 33.4 29.9 30.65

3 28.0 26.0 25.1 27.7 31.0 27.0 26.3 25.2 27.04

4 24.4 23.5 23.7 23.5 23.8 24.7 24.0 23.0 23.82

5 22.5 21.2 204 25.0 30.0 31.6 29.1 26.1 25.74

6 23.3 21.7 20.5 28.2 32.8 34.3 31.0 26.5 27.29

7 23.7 21.9 20.5 29.5 35.0 36.3 33.0 28.3 28.52

8 25.0 23.5 21.6 29.6 354 36.6 31.3 27.8 28.85

9 24.7 224 214 28.5 35.0 34.2 31.1 26.8 28.01

10 26.0 24.4 23.2 28.5 34.5 354 31.5 26.5 28.75

11 22.7 21.0 20.7 29.6 354 354 31.7 27.6 28.01

12 24.6 24 1 23.2 30.3 35.6 36.6 31.0 26.3 28.96

13 23.1 214 20.3 29.5 36.0 37.0 32.0 26.7 28.25

14 23.5 21.5 20.5 29.1 37.3 38.6 33.4 28.9 29.10

15 26.2 25.0 23.5 30.2 36.1 36.2 23.7 24.0 28.11

16 23.9 23.1 23.0 27.5 34.0 36.5 32.3 28.0 28.54

17 26.0 24.8 23.9 30.4 35.1 37.4 32.5 29.3 29.93

18 26.9 27.0 26.1 32.0 36.0 37.0 32.4 28.1 30.69

19 27.0 25.5 24.7 32.3 35.5 37.5 31.5 26.5 30.06

20 24.0 23.5 23.6 31.0 35.5 36.5 29.9 24.9 28.61

21 21.7 20.0 18.8 28.2 36.1 38.4 33.0 28.1 28.04

22 25.5 24.2 23.0 31.7 37.0 38.0 33.3 30.0 30.34

23 29.0 27.5 25.1 32.4 36.7 39.0 33.8 28.6 31.51

24 25.0 24.6 23.0 31.2 37.4 39.0 32.3 25.7 29.77

25 22.0 21.0 21.5 30.0 37.3 38.3 33.0 27.8 28.86

26 24.0 23.0 22.0 30.4 38.5 39.6 33.0 28.5 29.88

27 24.4 21.8 21.0 29.9 37.8 39.5 33.8 29.1 29.66

28 25.0 22.8 21.8 30.7 36.7 38.0 34.0 30.0 29.88

29 27.5 25.0 23.4 31.9 36.7 38.7 34.2 30.2 30.95

30 28.9 27.7 25.1 32.6 37.4 38.8 34.7 30.7 31.99

31 28.9 27.7 26.3 32.6 37.0 39.2 34.3 30.5 32.06

IRae 25.24 23.86 22.85 29.94 35.35 36.36 31.75 27.70 29.13
anninidasmn ©  39.6 avenaidus Ll iun 26 duren 2013
anninddonaa :  18.8 aveniwaidos 1l iud 21 Juran 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




\ Ao via j LD :‘ LD U j i :| 2013 j VOGN GRITIRIEiHE
v o 12R1919293Q »
ufl IR
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 28.0 28.0 25.6 34.1 38.0 39.1 34.9 31.3 32.38

2 28.4 27.5 26.0 33.7 38.2 39.8 35.6 31.7 32.61

3 28.7 28.9 27.6 34.3 38.5 38.7 35.0 29.5 32.65

4 27.7 28.5 27.5 34.0 38.8 404 35.0 30.1 32.75

5 29.8 27.7 26.0 33.9 39.2 404 35.0 30.3 32.79

6 27.7 28.2 26.8 33.2 39.0 39.3 34.5 30.0 32.34

7 27.5 25.0 244 33.0 37.2 37.1 33.5 30.5 31.03

8 28.0 25.0 24.3 32.1 37.6 38.7 34.2 29.2 31.14

9 25.8 25.0 23.0 33.0 38.5 40.3 30.0 29.8 30.68

10 26.8 24.2 23.5 34.1 39.7 40.6 354 30.9 31.90

11 28.5 29.1 28.3 334 35.0 37.0 32.6 30.1 31.75

12 28.3 28.0 27.7 32.9 37.5 37.8 34.6 31.0 32.22

13 29.3 27.7 26.6 314 355 384 34.6 30.2 31.71

14 27.5 25.9 25.0 33.7 36.9 37.0 35.0 30.7 31.46

15 28.5 28.2 27.2 32.0 355 34.0 31.6 30.0 30.88

16 28.4 27.0 26.9 29.6 30.9 32.0 31.0 29.0 29.35

17 26.9 26.4 25.2 31.5 36.5 37.0 32.0 28.6 30.51

18 26.8 25.8 24.8 31.5 35.6 35.7 33.0 28.7 30.24

19 25.5 24.7 24.5 33.6 38.9 39.5 35.3 31.0 31.63

20 28.6 28.4 27.4 35.0 39.6 41.1 32.4 26.7 32.40

21 26.4 26.1 26.0 31.4 36.0 37.6 34.0 25.6 30.39

22 24.0 24 1 24.5 29.6 34.4 36.5 30.4 28.4 28.99

23 27.3 26.5 26.2 27.5 31.7 34.5 32.7 29.6 29.50

24 26.7 26.1 25.6 33.6 36.3 38.3 28.0 27.7 30.29

25 26.0 25.0 25.1 31.6 36.9 32.8 31.6 28.9 29.74

26 27.6 26.6 26.3 32.3 36.9 32.0 271 25.6 29.30

27 25.2 25.0 24.7 31.7 36.0 35.0 31.0 27.5 29.51

28 27.5 26.5 25.4 32.1 36.7 38.0 30.8 28.9 30.74

29 28.5 27.4 27.0 33.8 37.5 38.7 34.4 31.3 32.32

30 29.5 28.0 27.0 34.5 37.0 37.5 34.0 30.3 32.23

oY) 27.51 26.68 25.87 32.60 36.87 37.49 32.97 29.44 31.18
anninidasmn ©  41.1 aseamidus wWefud 20 wwnou 2013

anninidonaa ;. 23.0 aveniraidos e Tud 9 wiwpu 2013

wnpwa ;- §o luddenanse luldaaia;




o | idou | wawmen  v| §:f 2013 Wig: el
v o 12R1919293Q »
ufl \RAD
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 29.7 27.5 27.2 34.1 37.3 39.5 34.8 30.0 32.51

2 29.9 28.8 28.3 34.8 37.5 39.3 35.6 31.2 33.18

3 28.3 28.5 27.5 32.8 38.5 31.2 29.2 26.6 30.32

4 25.0 25.0 25.6 30.7 36.7 38.4 34.0 25.8 30.15

5 25.7 254 22.2 23.0 25.7 30.8 28.5 25.7 25.88

6 24.5 23.5 23.7 30.0 35.3 33.6 324 28.8 28.98

7 26.7 26.0 27.0 26.5 31.7 34.0 32.0 28.5 29.05

8 27.0 25.8 26.0 32.3 35.5 375 33.0 29.8 30.86

9 28.0 27.0 26.6 32.6 36.1 355 325 29.9 31.02

10 27.7 27.0 25.7 324 36.2 37.6 33.5 30.8 31.36

11 24.2 24.0 24.5 29.0 34.0 36.0 33.0 30.3 29.38

12 28.5 27.3 27.0 33.0 34.5 36.3 33.0 29.0 31.08

13 27.9 26.7 26.7 32.8 35.8 36.3 32.3 29.5 31.00

14 27.7 27.0 27.3 32.6 37.0 38.7 33.7 31.0 31.88

15 29.0 27.5 27.0 34.0 36.7 38.7 34.9 31.0 32.35

16 29.6 27.7 28.0 36.0 39.2 37.0 33.9 30.8 32.77

17 30.1 28.9 28.5 34.7 37.0 34.7 32.0 30.7 32.07

18 29.7 29.5 29.9 33.0 37.4 24.7 24.9 25.0 29.26

19 24.9 24.8 25.0 29.9 34.5 36.3 29.8 27.8 29.13

20 26.4 26.3 26.0 31.0 30.3 30.5 29.7 24.7 28.11

21 24.7 24.2 24.6 29.0 31.6 29.9 28.2 271 27.41

22 26.9 26.4 26.5 30.0 33.9 28.8 28.9 27.0 28.55

23 26.8 26.1 26.0 30.5 34.0 34.4 30.0 27.0 29.35

24 26.3 25.8 26.0 31.9 34.9 35.5 32.5 29.0 30.24

25 28.2 27.8 27.5 31.7 341 35.6 27.4 26.5 29.85

26 25.7 25.5 25.5 30.5 32.3 34.5 32.0 29.3 29.41

27 28.3 25.0 25.5 31.3 32.5 34.0 31.5 29.0 29.64

28 27.5 27.0 26.7 31.2 35.0 35.0 32.1 30.0 30.56

29 28.1 25.9 25.6 32.5 35.5 34.0 30.4 24.5 29.56

30 24.0 24.0 24.0 27.3 31.1 33.5 28.5 26.7 27.39

31 26.6 25.9 24.3 29.4 32.4 33.5 30.0 28.0 28.76

oY) 27.21 26.38 26.19 31.31 34.65 34.69 31.43 28.42 30.03
annnidasmn ©  39.5 avenaaidus e iun 1 wauwaen 2013
ananinidonaa ;. 22.2 aseniraidos e iud 5 wawnen 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




\ Ao via j LD :‘ fauwu j i :| 2013 j VOGN GRITIRIEiHE
v o 12R1919293Q »
ufl IR
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 26.5 254 25.5 30.7 34.0 315 30.7 28.3 29.08

2 27.0 26.0 25.9 31.5 34.6 32.0 28.3 26.6 28.99

3 26.0 25.3 25.5 315 34.6 33.1 27.9 26.5 28.80

4 254 25.2 25.5 30.5 34.0 32.0 30.5 27.0 28.76

5 25.5 24.5 25.0 27.7 315 30.5 27.6 26.0 27.29

6 24.6 24.3 24.2 27.0 315 32.1 29.0 27.1 27.48

7 26.2 26.0 25.7 31.0 34.0 30.5 30.0 28.3 28.96

8 26.3 25.0 25.0 30.0 34.5 35.0 31.8 28.5 29.51

9 27.9 26.7 26.1 32.0 33.1 36.0 32.8 29.7 30.54

10 28.5 26.1 26.5 30.0 34.5 35.0 32.3 29.3 30.27

11 28.3 26.8 26.5 29.0 33.0 30.1 28.9 26.0 28.57

12 25.3 25.0 25.2 27.7 30.9 31.0 29.4 28.1 27.82

13 27.2 26.5 26.0 29.0 32.8 34.2 31.3 27.5 29.31

14 26.3 26.0 26.0 30.7 31.1 33.7 31.7 29.2 29.34

15 27.2 26.3 26.1 31.7 344 36.0 32.6 294 30.46

16 27.0 26.0 25.5 31.6 34.7 35.3 27.3 27.0 29.30

17 26.3 26.0 25.9 30.5 33.7 35.4 32.3 29.7 29.97

18 28.0 271 26.4 31.5 31.8 341 30.7 29.0 29.82

19 27.5 26.7 27.0 29.5 31.5 34.5 29.8 26.2 29.09

20 25.5 25.5 25.4 28.6 30.5 28.9 27.3 26.6 27.29

21 26.4 26.2 26.3 29.5 33.0 34.5 31.6 27.0 29.31

22 26.9 25.1 25.1 27.9 30.4 30.3 28.9 27.4 27.75

23 25.9 25.7 26.0 27.9 28.2 29.5 28.3 26.8 27.29

24 25.9 25.4 25.3 28.2 30.4 30.2 29.0 27.6 27.75

25 26.7 25.6 25.5 29.0 30.5 31.0 29.8 28.0 28.26

26 25.7 25.0 25.0 27.0 28.4 29.0 28.7 27.2 27.00

27 26.2 25.7 25.5 29.3 33.0 31.8 31.0 27.5 28.75

28 25.8 25.0 25.1 30.4 33.4 31.7 29.0 27.4 28.48

29 26.6 25.9 25.6 31.4 34.5 35.2 31.6 29.2 30.00

30 26.6 25.4 25.6 31.6 33.0 30.5 30.9 28.5 29.01

oY) 26.51 25.71 25.66 29.80 32.52 32.49 30.03 27.75 28.81
anninidasmn ©  36.0 aseaaidus Wl dud 9 dausu 2013
anninidonan ;. 24.2 aseniraidos e Tud 6 dauieu 2013

wnpwa ;- §o luddenanse luldaaia;




o v| idou:| nanmen v| T 2013 Wig: el
v o 12R1919293Q »
ufl \RAD
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 26.5 25.8 25.5 32.3 34.7 35.0 32.5 29.0 30.16

2 27.7 26.3 25.9 30.3 341 35.4 31.8 29.4 30.11

3 28.7 27.5 26.9 32.2 34.7 34.9 31.8 29.8 30.81

4 28.5 26.7 26.0 30.0 33.7 33.3 26.0 25.2 28.67

5 25.3 25.0 25.1 30.2 33.3 29.1 27.7 26.6 27.79

6 26.0 25.3 25.2 30.7 34.0 32.5 30.0 27.2 28.86

7 25.8 23.8 24.2 29.0 31.2 32.0 30.0 27.0 27.88

8 26.4 25.5 26.2 294 32.9 31.0 28.0 24.6 28.00

9 24.9 24.8 25.0 284 31.0 29.8 26.4 25.1 26.93

10 24.2 23.7 24.7 27.3 29.0 27.0 27.0 26.0 26.11

11 25.7 25.0 24.5 30.5 31.6 31.7 29.6 26.6 28.15

12 24.6 24.4 24.2 28.4 30.7 31.1 29.1 27.0 27.44

13 26.1 254 25.0 315 33.3 33.0 31.0 28.3 29.20

14 27.3 26.5 25.8 30.8 32.4 31.3 29.6 27.4 28.89

15 26.6 26.4 25.7 29.5 31.0 30.5 29.5 27.0 28.27

16 25.8 25.2 25.0 29.0 31.5 30.5 29.0 28.0 28.00

17 25.3 24.5 24.4 28.0 31.7 30.0 28.7 27.4 27.50

18 25.6 25.0 24.8 30.0 33.0 33.5 31.0 28.5 28.93

19 27.8 27.0 25.7 30.5 33.0 31.7 29.3 28.0 29.13

20 27.3 26.0 24.5 28.0 30.6 32.0 29.4 27.4 28.15

21 26.5 26.3 25.9 29.4 32.2 30.6 29.5 27.7 28.51

22 27.0 26.2 25.6 28.4 32.4 31.0 29.4 28.0 28.50

23 27.4 25.4 25.1 27.6 29.6 31.0 29.5 27.6 27.90

24 24.5 241 24.5 26.4 28.5 28.8 27.8 24.0 26.08

25 24.0 24.4 24.0 27.0 29.7 30.6 28.3 26.7 26.84

26 26.0 25.5 25.5 29.7 31.4 31.4 29.6 28.1 28.40

27 27.3 26.3 25.2 28.1 29.1 30.0 28.1 25.1 27.40

28 24.6 24.8 24.8 26.0 26.0 26.0 24.3 24.3 25.10

29 24.3 24.3 23.7 25.0 27.0 28.5 26.0 25.0 25.48

30 24.5 24.5 25.0 27.3 28.5 29.3 26.0 25.0 26.26

31 24.6 24.6 241 28.5 30.9 26.9 28.4 26.8 26.85

IRae 26.03 25.36 25.09 29.01 31.38 30.95 28.85 26.90 27.94

anninidasmn ©  35.4 asenaaidus 1l iun 2 nsngian 2013

anninidonaa ;. 23.7 avenaidos e iud 10 nsagien 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




\ Ao via j LD :‘ fanan j i :| 2013 j VOGN GRITIRIEiHE
v o 12R1919293Q »
ufl IR
0100 | 0400 | 0700 1000 1300 1600 1900 | 2200

1 24.6 244 24.6 27.8 314 31.3 28.2 25.9 27.27

2 24.7 24.2 24.5 28.0 32.0 30.0 29.0 27 1 27.44

3 26.5 25.1 24.7 27.7 31.0 29.5 28.7 255 27.34

4 24.7 24.5 24.6 27.4 30.5 27.5 26.6 25.4 26.40

5 25.0 25.0 24.5 29.9 32.7 34.1 30.6 27.6 28.68

6 25.9 25.0 24.7 314 33.3 35.3 31.2 28.7 29.44

7 27.7 27.0 254 24.0 27.3 29.5 284 26.8 27.01

8 25.0 24.6 24.5 27.5 28.5 28.0 26.0 24.0 26.01

9 23.5 24.5 24.0 27.8 30.8 33.0 27.0 25.0 26.95

10 25.0 25.0 25.6 29.1 33.0 28.6 27.3 26.4 27.50

11 24.0 23.6 23.7 26.1 29.9 29.2 28.0 26.7 26.40

12 25.1 24.8 25.0 29.2 32.9 27.6 26.8 26.0 27.18

13 25.2 25.0 25.0 29.7 33.0 30.9 284 27.0 28.03

14 254 25.1 24.8 28.9 32.0 321 29.7 27.0 28.12

15 27.0 25.3 25.0 29.5 32.0 32.0 27.0 26.0 27.98

16 25.7 25.0 25.3 30.0 32.4 29.6 28.2 26.3 27.81

17 25.7 25.3 25.0 27.7 31.0 30.5 29.0 27.8 27.75

18 27.0 25.9 25.8 30.2 32.7 31.8 29.8 28.4 28.95

19 27.0 26.0 25.6 30.4 33.6 31.4 29.6 26.7 28.79

20 26.1 25.5 25.0 29.6 30.5 30.7 29.2 27.8 28.05

21 27.0 25.5 25.0 27.5 29.7 29.5 25.0 25.0 26.77

22 24.5 24.5 24.3 24.7 26.0 26.0 25.6 24.5 25.01

23 24.3 24.0 23.7 26.1 26.1 27.5 26.3 25.2 25.40

24 24.0 23.7 23.7 27.0 28.5 29.5 27.5 25.3 26.15

25 25.0 25.0 24.7 27.5 31.0 30.4 28.5 27.2 27.41

26 25.0 24.5 24.0 28.0 31.2 28.9 26.5 26.0 26.76

27 25.7 25.1 25.0 28.0 31.7 33.0 29.0 27.0 28.06

28 26.2 25.0 25.0 30.9 33.7 32.1 25.8 25.4 28.01

29 24.8 25.0 25.0 29.6 329 32.6 30.0 27.5 28.43

30 26.0 25.3 25.0 29.5 33.2 28.8 28.0 27.0 27.85

31 25.0 24.3 24.4 27.0 30.2 30.9 28.6 27.2 27.20

oY) 25.43 24.93 24.75 28.31 31.12 30.38 28.05 26.43 27.42
annnidasmn ©  35.3 aveaaidus Lileiun 6 funen 2013
anninidonaa ;. 23.5 avenaidos e iud 9 fuinan 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




ANMNTUTNINS

\ion 1| snman | T:f 2013 ~ v iesidue
v o 1IN »
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200

1 74 79 85 68 44 47 61 78 67.00

2 81 85 88 59 45 42 56 75 66.38

3 85 88 90 65 41 40 56 65 66.25

4 77 82 80 57 45 41 54 70 63.25

5 82 86 90 61 41 39 61 67 65.88

6 79 82 87 52 42 39 55 74 63.75

7 79 85 85 56 39 39 51 70 63.00

8 77 88 87 59 43 43 54 74 65.63

9 83 88 92 63 44 36 54 72 66.50

10 81 86 88 64 48 46 59 74 68.25

11 80 81 81 53 52 46 59 75 65.88

12 82 88 82 62 50 47 61 68 67.50

13 60 64 80 52 44 35 52 72 57.38

14 77 84 89 59 44 41 64 75 66.63

15 80 81 81 70 39 38 57 70 64.50

16 78 83 87 64 45 32 57 65 63.88

17 73 77 85 59 37 32 49 61 59.13

18 58 67 68 46 39 33 46 62 52.38

19 68 80 85 50 41 35 57 67 60.38

20 76 82 86 58 34 33 53 68 61.25

21 75 79 84 58 37 35 51 67 60.75

22 77 81 80 55 35 34 55 68 60.63

23 75 82 85 61 40 40 54 58 61.88

24 81 83 83 44 41 41 57 69 62.38

25 79 83 86 90 82 64 75 87 80.75

26 90 91 92 83 59 56 68 81 77.50

27 88 92 91 84 68 57 68 76 78.00

28 87 83 91 80 68 66 80 84 79.88

29 86 91 90 86 67 57 70 85 79.00

30 91 92 91 76 51 56 61 74 74.00

31 82 87 91 90 68 64 80 91 81.63

IRae 78.74 83.23 85.81 64.00 47.52 43.68 59.19 72.32 66.81

anudusinssesa © 92 iwesidud e uil 9 unan 2013

anududuinsenae ;32 wesidud wWieui 16 unsan 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




ANMNTUTNINS

\fou ;| nwawiug  v| §:f 2013 | v iesidue
v o 1IN »
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200

1 93 94 96 81 57 51 67 81 77.50

2 86 88 91 79 58 58 66 74 75.00

3 87 86 91 75 53 47 67 73 72.38

4 82 82 95 64 39 37 53 72 65.50

5 82 82 86 62 42 40 59 79 66.50

6 83 87 91 64 45 40 62 74 68.25

7 85 90 91 70 49 40 46 63 66.75

8 85 84 89 56 38 31 54 72 63.63

9 80 83 87 65 48 47 60 67 67.13

10 80 80 79 59 43 42 57 70 63.75

11 77 80 88 61 44 42 56 65 64.13

12 76 83 89 60 44 38 54 61 63.13

13 71 65 70 45 38 31 50 65 54.38

14 74 80 86 56 33 29 46 67 58.88

15 78 77 81 57 33 29 45 60 57.50

16 76 80 83 58 36 38 49 66 60.75

17 76 79 86 58 41 40 51 63 61.75

18 76 83 87 66 49 43 57 72 66.63

19 81 83 87 71 52 55 68 80 72.13

20 82 89 90 63 47 36 51 66 65.50

21 77 83 85 52 40 41 54 50 60.25

22 70 68 71 51 38 37 48 55 54.75

23 64 67 66 46 33 36 42 55 51.13

24 63 66 65 47 39 35 46 65 53.25

25 78 75 79 43 32 32 43 60 55.25

26 72 78 82 55 35 33 45 60 57.50

27 71 79 84 54 38 35 54 61 59.50

28 68 74 81 64 47 42 57 71 63.00

IRae 77.61 80.18 84.14 60.07 42.54 39.46 53.82 66.68 63.06

aNuduFinsaea © 96 iwesidud e uil 1 nuaius 2013

anududinseaa 29 wesidud Wedun 14 annkus 2013

wnpwa ;- §o luddenanse luldaaia;




ANNTUT

5

(4

Wnod

LU @ | duan | T:f 2013 ~ v iesidue
v o 1IN »
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200

1 72 75 81 59 48 41 55 68 62.38

2 75 81 85 56 43 52 58 59 63.63

3 70 83 88 76 60 73 76 74 75.00

4 75 75 94 72 81 76 75 74 77.75

5 74 85 87 64 49 47 58 62 65.75

6 75 79 84 50 39 37 51 65 60.00

7 78 83 86 59 35 33 42 57 59.13

8 70 73 84 55 36 32 50 62 57.75

9 76 83 85 64 44 44 56 68 65.00

10 73 83 73 65 41 43 51 71 62.50

11 77 80 83 63 45 46 58 71 65.38

12 82 84 88 63 41 36 48 63 63.13

13 78 79 83 58 31 28 41 58 57.00

14 69 78 83 49 30 32 46 59 55.75

15 74 78 84 58 43 47 91 95 71.25

16 95 96 96 73 51 48 50 67 72.00

17 80 87 91 70 52 44 60 73 69.63

18 77 80 85 61 46 36 49 68 62.75

19 72 81 86 59 45 31 35 64 59.13

20 75 69 82 66 38 32 42 61 58.13

21 68 72 83 51 35 40 47 68 58.00

22 76 82 87 62 41 42 49 59 62.25

23 68 70 78 51 40 36 46 67 57.00

24 77 76 82 58 40 30 35 59 57.13

25 66 73 69 53 49 28 32 49 52.38

26 60 67 70 51 36 32 32 44 49.00

27 64 75 81 45 35 36 43 57 54.50

28 73 78 81 55 45 38 51 67 61.00

29 70 80 87 61 52 46 54 66 64.50

30 66 72 83 57 47 45 49 59 59.75

31 64 71 78 57 48 43 52 58 58.88

IRae 73.19 78.32 83.45 59.39 44.06 41.10 51.03 64.26 61.85
ANuduSinsseRa © 96 1wesidud e tui 16 Juian 2013
anudusuinsenaa ;28 wesidud wWiedui 13 duian 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




ANMNTUTNINS

LU © | 1o | T:f 2013 ~ v iesidue
v o 1IN »
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200

1 63 67 81 46 43 42 50 63 56.88

2 73 70 80 51 46 43 48 62 59.13

3 73 71 76 52 43 38 52 58 57.88

4 65 74 78 58 39 29 44 49 54.50

5 58 66 76 57 33 22 40 53 50.63

6 60 61 82 52 37 32 38 50 51.50

7 58 72 71 48 35 39 48 56 53.38

8 66 79 82 53 39 27 36 51 54.13

9 73 71 79 45 28 29 53 48 53.25

10 64 75 76 35 27 21 29 43 46.25

11 54 62 64 49 49 45 58 68 56.13

12 75 77 79 54 42 39 46 57 58.63

13 59 65 69 49 41 35 46 58 52.75

14 70 78 83 52 42 44 50 52 58.88

15 65 74 73 57 47 53 56 62 60.88

16 68 74 80 70 66 69 66 68 70.13

17 80 84 90 63 46 45 59 71 67.25

18 74 78 83 60 47 47 50 69 63.50

19 80 86 87 55 38 35 48 58 60.88

20 64 68 74 50 35 34 57 86 58.50

21 89 91 92 63 48 42 54 88 70.88

22 97 97 96 74 58 50 68 78 77.25

23 84 88 86 77 65 58 64 77 74.88

24 91 89 89 56 45 41 65 71 68.38

25 80 86 88 62 51 57 64 75 70.38

26 79 81 87 64 48 57 76 84 72.00

27 89 89 90 65 48 49 63 77 71.25

28 70 84 92 62 47 45 70 83 69.13

29 75 82 86 58 48 40 54 62 63.13

30 65 77 82 58 46 33 59 70 61.25

oY) 72.03 77.20 81.70 56.50 44.23 41.33 53.70 64.90 61.45
anudusinsaa © 97 iwesidud 1o ui 22 wweu 2013
anududuinsenaa 21 wesidud wledun 10 wwou 2013

wnpwa ;- §o luddenanse luldaaia;




ANMNTUTNINS

\fou ;| wawmen  v| §:f 2013 | v iesidue
v o 1IN »
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200

1 70 70 75 57 50 37 47 62 58.50

2 63 73 77 55 43 40 48 56 56.88

3 73 67 70 54 45 57 61 74 62.63

4 80 83 84 60 43 45 51 89 66.88

5 90 90 95 94 82 59 81 86 84.63

6 91 96 95 63 46 54 63 79 73.38

7 90 90 88 86 60 56 69 81 77.50

8 92 89 88 68 57 44 61 71 71.25

9 81 88 91 66 56 55 64 80 72.63

10 90 90 91 62 54 53 59 72 71.38

11 91 97 96 71 59 52 64 70 75.00

12 78 82 88 67 60 58 70 72 71.88

13 78 83 86 68 56 52 67 79 71.13

14 87 87 86 64 48 42 60 68 67.75

15 71 77 83 55 48 42 53 65 61.75

16 70 84 80 57 47 46 67 79 66.25

17 73 76 83 61 50 51 68 71 66.63

18 70 75 77 63 52 97 97 97 78.50

19 97 97 97 77 62 54 69 82 79.38

20 94 94 96 72 80 75 84 94 86.13

21 92 97 97 79 73 75 79 89 85.13

22 92 94 93 81 63 69 83 90 83.13

23 92 92 96 73 62 59 71 92 79.63

24 93 93 94 65 56 57 63 71 74.00

25 79 84 85 67 61 52 87 91 75.75

26 89 89 92 70 65 59 63 72 74.88

27 77 96 96 73 61 55 66 79 75.38

28 84 88 90 73 52 61 71 78 74.63

29 88 94 95 70 55 56 69 96 77.88

30 96 96 97 83 69 67 75 83 83.25

31 84 89 96 72 67 60 75 88 78.88

IRae 83.71 87.10 88.94 68.58 57.48 56.10 67.90 79.23 73.63
aNudusinsaea © 97 wesidud 1o tui 11 wauaan 2013

anududuinsenaa 37 wesidud wleiun 1 wawaan 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




ANMNTUTNINS

o :| dmwwu  v| §:f 2013 | v iesidue
v o 1IN »
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200

1 88 92 93 69 59 66 81 81 78.63

2 88 92 90 68 59 69 75 86 78.38

3 91 95 94 69 54 61 77 92 79.13

4 91 96 96 75 56 66 75 84 79.88

5 96 96 96 86 73 74 84 91 87.00

6 95 97 98 85 69 68 83 92 85.88

7 94 96 94 70 62 75 78 86 81.88

8 89 88 92 74 57 56 65 80 75.13

9 82 90 92 70 71 50 59 73 73.38

10 80 93 88 75 60 57 68 76 74.63

11 77 88 88 78 65 69 72 87 78.00

12 92 94 95 78 64 62 72 80 79.63

13 85 83 89 73 58 53 67 84 74.00

14 88 90 92 72 74 62 68 79 78.13

15 90 93 87 69 52 44 60 70 70.63

16 87 88 88 69 55 53 78 84 75.25

17 89 92 94 74 60 55 62 77 75.38

18 85 87 93 69 64 60 69 78 75.63

19 84 89 92 80 69 59 78 92 80.38

20 96 96 97 85 74 78 90 92 88.50

21 96 95 97 78 62 57 69 90 80.50

22 94 96 92 85 72 72 78 87 84.50

23 87 94 93 85 87 84 84 94 88.50

24 93 92 93 82 75 72 78 85 83.75

25 87 93 96 83 78 74 82 88 85.13

26 94 94 94 94 89 85 86 90 90.75

27 91 90 92 79 57 64 63 79 76.88

28 88 93 96 73 63 64 75 85 79.63

29 89 87 88 66 54 49 62 76 71.38

30 92 94 97 67 61 70 74 83 79.75

oY) 89.27 92.10 92.87 76.00 65.10 64.27 73.73 84.03 79.67

anudusinsssa © 98 iwesidud (e tuil 6 dauwu 2013

anududuinseae 44 wesidud Wedud 15 daunu 2013

wnpwa ;- §o luddenanse luldaaia;




ANMNTUTNINS

\fou ;| nanmen v| §:f 2013 | v iesidue
v o 1IN »
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200

1 90 90 92 62 55 53 61 71 71.75

2 79 86 89 72 57 51 64 72 71.25

3 78 84 86 66 55 55 67 74 70.63

4 78 92 92 75 58 62 94 95 80.75

5 96 96 96 76 63 74 87 91 84.88

6 93 96 96 71 59 68 78 86 80.88

7 93 94 94 76 68 69 75 84 81.63

8 89 94 95 78 64 71 81 95 83.38

9 97 97 97 82 72 75 89 92 87.63

10 98 98 90 82 76 84 84 94 88.25

11 96 96 96 72 66 68 77 84 81.88

12 95 96 96 77 69 71 76 89 83.63

13 92 92 96 63 62 63 69 80 7713

14 86 88 89 71 65 68 75 87 78.63

15 92 92 89 72 69 71 72 88 80.63

16 93 92 96 78 69 72 78 85 82.88

17 92 94 97 79 67 75 78 78 82.50

18 88 95 95 77 63 59 69 78 78.00

19 82 87 90 72 64 66 74 79 76.75

20 78 88 96 81 69 62 70 83 78.38

21 89 91 92 73 64 74 85 85 81.63

22 80 85 91 78 65 69 78 88 79.25

23 89 94 97 86 78 71 81 91 85.88

24 97 98 97 93 81 82 86 96 91.25

25 97 98 96 86 69 70 75 86 84.63

26 92 92 93 75 71 69 78 85 81.88

27 87 93 97 83 84 77 81 97 87.38

28 96 97 97 95 96 96 96 97 96.25

29 97 97 96 96 87 85 90 96 93.00

30 96 96 96 86 81 79 92 96 90.25

31 97 97 98 79 71 85 80 90 87.13

IRae 90.39 93.06 94.10 77.81 68.94 70.77 78.71 86.84 82.58
anudusuinsasae : 98 iwesidud 1etuil 10 nsngran 2013

anududuinsenaa 51 wesidud Wedui 2 nsngan 2013

wnaLAa ;- fo luddenanse Iu ldaeia;




5

(4

ANNAUTHANS
L@au | e MEHESSEE v iesidue
o o AINNIA -
ufl IR
0100 | 0400 | 0700 | 1000 1300 | 1600 1900 | 2200
1 95 97 97 86 73 76 79 89 86.50
2 94 97 97 81 66 78 81 90 85.50
3 89 92 94 83 72 78 81 92 85.13
4 94 96 95 85 72 81 92 95 88.75
5 96 97 97 75 67 58 67 84 80.13
6 93 96 94 70 62 57 73 80 78.13
7 89 90 93 94 79 77 82 90 86.75
8 94 95 96 83 85 88 92 96 91.13
9 97 96 96 86 70 63 83 96 85.88
10 96 96 97 79 66 85 90 93 87.75
11 94 97 97 87 73 81 86 94 88.63
12 94 94 97 80 66 89 94 97 88.88
13 97 97 97 77 69 69 82 92 85.00
14 92 95 97 76 69 65 77 90 82.63
15 90 92 92 72 68 62 92 96 83.00
16 96 96 94 75 64 71 72 87 81.88
17 92 95 94 83 69 72 76 83 83.00
18 85 89 85 70 58 62 71 75 74.38
19 80 88 90 67 56 68 71 91 76.38
20 94 91 92 74 71 71 77 80 81.25
21 80 88 89 84 73 82.80
22
23
24
25
26
27
28
29
30
31
IRae 91.95 94.00 94.29 79.38 68.95 72.55 80.90 89.50 83.99
aMNTudNinsasa © 97 wWosidud 1deiud 1 funan 2013
aNNTusNinsaaa ;56 wosidud Waiun 19 fuwinen 2013

wnaLnAa ;- fo luddenanse Iu ldaeda;




f:| 2013 = Wi Jafuas
_ 1Hauaivia
un Ha | aw | fa LNy wa bl na qQ A | @@ | we | 5@
1 00| 0.0 0.0 0.0 0.0 0.0 0.0 0.7 | 0.0
2 00| 0.0 0.3 0.0 0.0 0.0 0.0 00| 0.0
3 00| 0.0 0.0 0.0 0.2 10.5 1.9 09| 0.0
4 0.0| 0.0 1.1 0.0 35.9 15.1 8.6 58| 0.0
5 00| 0.0 0.0 0.0 0.5 1.4 0.2 0.0 -
6 00| 0.0 0.0 0.0 0.0 0.0 4.3 2.7
7 00| 0.0 0.0 0.0 8.6 0.0 0.0 3.5
8 00| 0.0 0.0 0.0 0.0 0.0 16.5 31.5
9 00| 0.0 0.0 0.0 0.4 T 28.9 5.1
10 00| 0.0 0.0 0.0 22.6 0.0 1.8 32.0
11 00| 0.0 0.0 0.0 0.0 11.2 1.5 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0 T 13.0
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
15 0.0 0.0 66.3 0.0 0.0 0.0 0.0 3.2
16 0.0 0.0 0.0 0.1 T 1.8 3.9 0.0
17 0.0 0.0 0.0 0.0 0.5 0.0 0.0 T
18 0.0 0.0 0.0 1.1 65.4 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 3.2 3.1 1.6 1.9
20 0.0 0.0 0.0 1.7 27.6 3.2 0.0 T
21 0.0 0.0 0.0 32.2 0.0 71 0.0 15.6
22 0.0 0.0 0.0 T 0.2 0.0 0.7 25.6
23 0.0 0.0 0.0 0.0 4.5 3.1 89.9 0.0
24 T 0.0 0.0 0.0 0.0 0.3 7.1 0.3
25 1.4 0.0 0.0 1.5 15.6 0.6 0.6 13.7
26 4.9 0.0 0.0 T 10.3 2.5 0.8 4.6
27 12.8 0.0 0.0 T 0.3 0.0 8.0 0.0
28 0.0 0.0 0.0 0.0 2.8 0.0 33.5 T
29 0.0 0.0 0.0 244 7.0 3.6 0.0
30 0.0 0.0 0.0 12.0 0.3 1.6 3.9
31 2.4 0.0 0.3 25.9 0.0
ot 31.5 0.0 67.7 36.6 235.3 67.2 241.0 164.0 0.0
MUY 4 0 3 5 19 14 21 17 0
BNEA 12.8 0.0 66.3 32.2 65.4 15.1 89.9 32.0 0.0
danadueasal :  843.3 dafiuas
uTunduaneaeatl : 83 fu
Ysmnadugsse : 89.9 Safiuas 1iledui 23 nangien 2013

wnelAn : edueiuduauineiadansdsznineian 07.00 - 07.00 u.; Yuiiduandeiuiduansm

& oo

wannMIainay 0.1 nu.; 'T' daduiduansniiosndn 0.1 uw.;

"' §o lufidenanse lu ldnaie;
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Modelling the thermal bioclimate in urban areas with
the RayMan Model

Andreas Matzarakis', Frank Rutz? and Helmut Mayer"

! Meteorological Institute, University of Freiburg, 79085 Freiburg, Germany
2 Institute of High-Frequency Engineering, University of Braunschweig, Germany

ABSTRACT: To calculate thermal indices for urban climate conditions, meteorological data (air
temperature, wind speed, air humidity as well as and short- and long-wave radiation fluxes) and
thermo-physiological data (activity and clothing) are required. The model RayMan, which is
presented and discussed here, allows the calculation of short- and long-wave radiation fluxes
affecting the human body. The model estimates the radiation fluxes and the effects of clouds on
short-wave radiation fluxes. RayMan, which takes complex urban structures into account, is suitable
for land use and planning purposes in urban areas. The final output of the model, however, is the
calculated mean radiant temperature, which is required for the human energy balance and, therefore,
for the assessment of urban bioclimate using indices like PMV, PET or SET* (Standard Effective
Temperature). Examples from Freiburg, Germany and other locations are presented.

Keywords: radiation, thermal Indices, RayMan

1. INTRODUCTION

Many climatic parameters and conditions are
affected by natural and artificial morphology at a
meso- and micro scale, with influences the temporal
and spatial behaviour of the parameters. These
effects are significant at different levels of regional
and urban planning i.e. urban parks, and they are
also of importance for the planning and design of new
buildings, recreational facilities and a variety of other
applications. With some modification, existing
methods for assessing climate in human
biometeorology and applied climatology can be
applied to tourism climatology [1, 2].

For example, thermal indices that are derived from
the energy balance of the human body can be of
great advantage for regional and urban planning.
Standard climate data, such as air temperature, air
humidity and wind speed are required in order to
calculate and quantify the thermal bioclimatic
conditions. The most important environmental
parameters for deriving modern thermal indices,
however, are the short and long wave radiation (and
the derived mean radiant temperature). These can be
determined using special techniques. For these
purpose, several models and possibilities are existing,
i.e. the RayMan model, which has been developed for
urban climate studies, has a broader use in applied
climatology [1, 2, 3]. Further outputs, such as
sunshine duration and shadow, can be helpful in the
design and structure of recreational areas and design
of urban structures.

2. DESCRIPTION OF RayMan

The model ,RayMan“ estimates the radiation
fluxes and the effects of clouds and solid obstacles
(urban morphologies) on short wave radiation fluxes
(Fig. 1). The model, which takes easy and complex
structures into account, is suitable for land use and
planning purposes on various local to regional levels
(Fig. 2 left). The final output of this model is the
calculated mean radiant temperature, which is
required in the energy balance model for humans.
Consequently, it is also required for the assessment
of urban bioclimate and several thermal indices, such
as Predicted Mean Vote (PMV), Physiologically
Equivalent Temperature (PET) and Standard
Effective Temperature (SET*).

The model is developed based on the German
VDI-Guidelines 3789, Part Il: Environmental
Meteorology, Interactions between Atmosphere and
Surfaces; Calculation of the short- and long wave
radiation [4] and VDI-3787: Environmental
Meteorology, Methods for the human-
biometeorological evaluation of climate and air quality
for the urban and regional planning at regional level.
Part I: Climate [5]. Based on the human energy
balance, meteorological data (air temperature, wind
speed, air humidity and short and long wave radiation
fluxes) and thermo physiological data (activity and
clothing) are required for the calculation of thermal
indices [6]. Data on air temperature, humidity, and
wind speed are required to run RayMan [3, 7].

Additional features, which can be used for the
evaluation of a region’s climate or the development of
new tourism facilities, are: a) calculation of sunshine
duration with or without sky view factors; b) estimation
of daily mean, max or total global radiation; and c)
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determination of shaded areas are outputs of
RayMan.

% RayMan Pro g‘i‘g|
Fle Input Quitput Table Language 7
Date and time Current data
Date (day.monthyeary |19.8.2008 Airternperature Ta (°C) 20.0
Day of year 170 Vapour pressure WP (hPa)  [12.5
Local fime (hemn 2231 Rel. humidity RH (%) 53.5
Now and taday Wind weloiity v (mis) 1.0 Calculation:
Cloud cover N {octas) 0.0 NEm
Geographic data Global radiation G s | i‘
Location: Mean radiant tamp. Tmn('c),_

15t - erster Oril

= Personal data Clothing and activity:
Q Remove l0calan] || oigney  [175 | | Glothing (elo) [
Geoor. longitude (.°. B} |75 Welght(g)  [75.0 || Activty 0 [poo
Geogr. latitude (. Ny 487D Age (a) [35 ]| Position [standing ~]
Altitude () 323 Sex m

Timezone (UTC + k) 1.0

Thermal indices
W PMy [ PET v SET®

i'LQ\DSE

Figure 1: Main window of RayMan.

Using the computer software “RayMan” (Fig. 2) an
input window for structures (buildings, deciduous (Fig.
3) and coniferous trees (Fig. 4)) is provided. The
produced data on trees and buildings can be stored
as files and the data can be used for other or future
studies and runs. Additional information about the
physical properties of the urban morphologies can be
entered, i.e. albedo and emissivity, and considered in
the calculations.

:* RayMan Pro - Edit obstacles - Hindernisobjekte bearbeiten FEx
Eile View
NEE File [TT-P-geb-fuerray-p03  Cursor i 8150 v 67.00 Obstacle
N in calculation

W 8| | & Buldng v

||| Deciduous tree v

& Conferous tree v

Obstacle # [0 2

Rotats obstacles
1 Ak B @Roat

Location

Alttude (m) [1.00

Seale (mipixel)

s
Yardstick (m)

Apply

-100 -
" AL Close

Figure 2: Input windows for morphologies.

' RayMan Pro - Edit building - Gebiude bearbeiten []=1(E3]
Building
top carmer # # # # 2 3
#a
wooord () [EHEN  [3100 [6s00 [0
yeood () [4700 4700 3700|400 ¥
zeood (m) [1000  [i0o0 [i0o0 000 x roal
bottom comer  #! # s #
weood (m) [3T00 3100 500 [e400
weoord () (4700 4700 3700|400
z-coord. () 0.0 0.00 0.00 0.00
Albeda 030 Emission coefl. [1.95 oK Abbrechen

Figure 3: Input window for buildings.

"' RayMan Pro - Edit deciduous tree - Laubbaum bea... g@@

Deciduous tree e—s
r
®-coord. ()
y-coord. {rm) h
Tree height h (m) [10.00
Crown radius r (m) [2.00 $ 1
Trunc length | (m)  [4.00 Erd
gth | () t
Trunc diarm. d {m) [0.20
Albedo 0.30

Emission coeff. 0.95 K

| Abbrachan

Figure 4: Input window for deciduous trees.

The possibility of free drawing and output of the
horizon (natural or artificial) are included for the
estimation of sky view factors (Fig. 5). The input of
fish-eye-photographs for the calculation of sky view
factors is also possible. The amount of clouds
covering the sky can be included by free drawing
while their impact on the radiation fluxes can be
estimated (Matzarakis 2001, Matzarakis and Rutz,
2005). The produced information and data can be
stored as files (graphs and raw data) and used for
future runs.

o Abedo o3
_= | Emiss.coefi[1.55

@ Undo
s L Close

Figure 5: Input window for free drawing and import of
fish eye photographs.

3. RESULTS AND EXAMPLES

The RayMan model can be applied for diverse
applications. Results of radiation fluxes, sunshine
duration and shadow can even be produced without
any meteorological or climatological data.

Horizon information (in particularly Sky View
Factor) needs to be known to obtain sun paths (Fig. 6
and 7). The calculation of hourly, daily or monthly
averages of sunshine duration, short wave and long
wave radiation fluxes with and without topography,
and obstacles in urban structures can be carried out
with RayMan (Fig. 7). Data can be entered through
manual input of meteorological data or the import of
pre-existing files. The output is given in form of
graphs and text data (Fig. 6 and 7).



PLEA2006 - The 23" Conference on Passive and Low Energy Architecture, Geneva, Switzerland, 6-8 September 2006

% RayMan Pro - Output - Ausgabe g@

File Wisw

BEa| & ala [ ml~] Time 1200 meremen ik 30 =

@ 1999 - 2005 Rayhan Pro

Figure 6: Output of sun path and horizon limitation.

File

B(RIa| alaj[¥ mln| mwefEr 4 4

RayMan Pro @ 1999 - 2005
Meteorological Institute, University of Freiburey, Germany

mlace: lst location - erster (rt
geogr. longitude:  7°51' latitude: 48°0"  timezone: UTC 4.0k
horizon limitation: 54.6% sky view factor: 0.4541

peraonal data: height: 1.75 0 weight: 75.0 kg age: 35 a sex: u clothing:
date day of sunr, sunget ilmax SDact GuaxNax GactMax G Sun Ga
.1, 7YY year himn himm win min  W/w* W/p* Wh/p® Uh/wt Wipto Wit

1.1.2006 1 Gi18  16:45 50717 386.1 266.7 2080.3 482.3 86.7 20,1

2.1.2006 2 G:18  16:46 508 17 367.8 268.3 2093.4 485.3 87.2 2.2

3.1.2006 3 Gild  1e:dY 508 18 369.7 270,00 2107.5 486.6 &7.6  20.4

4.1.2006 4 Gild  lg:dd 511 18 39L.6 2719 2122.6 492.1 8d.d4 205

5.1.2006 5 Gild 18 5lz 17 3937 273.6 2139.2 495.9 @8.1 a0y

6.1, 2006 ] @17 lgs0 A3 1 396.0 296.0 213050001 899 20,8

7.1.2006 1 G:17  16:52 515 16 396.4 278.2 2176.3 504.8 90.7 ZL.O
i

8.1, 2006 8117 16:53 516 20 400.9 280.6 2196.7 509.0 915 Zl.2
9.1.2006 9 Gil6 16:54 518 19 403.5 283.1 2218.2 513.9 92,4 214
10,1, 2006 10 G:16  16:55 518 19 406.3 285.8 22407 518.1 934 216
11.1.2006 11 8:15  16:56 521 17 409.3 288.5 2264.4 524.4 944 21,9
12.1.2006 12 8:15  16:58 523 2l 412.3 291.4 2289.1 530.0 95.4 22,1

Figure 7: Table output of daily information about
maximum and actual sunshine duration and global
radiation.

In order to gain information about the thermal
comfort or thermal bioclimatic conditions in simple
and complex environments, the knowledge of the
sunshine duration and the short wave radiation fluxes
are required. The short and long wave radiation fluxes
are usually data that are neither easy to obtain nor
are they included in routine measurements. Table 1
shows the mean monthly sunshine duration of an
urban structure (Fig. 2 and 7) with and without
horizon limitation for the Freiburg coordinates.
Additionally, the maximum sum of monthly hours of
sunshine duration with and without horizon limitation
are shown in table 1. The sunshine duration and sum
of monthly sunshine hours can vary strongly during

the winter months under the urban morphology given
for all months of the year.

Table 1: Mean monthly sunshine duration without
(Sdmax) and with horizon limitation (Sdm), sum of
monthly sunshine hours without (SDm) and with
(SDsm) horizon limitation in h for Freiburg, Germany,
in a latitude of 48 °N. Urban morphologies (horizon
limitations) are given in figure 2.

Without horizon Without horizon

Month | Sdmax SDsum SDm SDsm

(h) (h) (h) (h)
9.1

1 . 281.9 1.7 52.6
2 10.3 289.6 4.8 133.6
3 11.9 369.4 7.7 2375
4 13.6 406.8 8.0 238.6
5 15.0 464.3 8.3 258.1
6 15.7 471.5 8.5 255.1
7 15.4 492.2 8.5 2711.7
8 14.1 438.3 7.9 245.0
9 12.6 376.9 8.3 247.7
10 10.9 338.8 6.0 186.0
11 9.5 284.2 2.7 82.3
12 8.7 269.5 0.4 11.8

Table 2 shows the Percentage ratio of actual
sunshine duration to maximum possible for northern
latitudes in 5° steps from 0° to 60°. The ration of
sunshine duration varies from south to north strong
during the winter months and less strong during the
summer months.

Table 2: Percentage ratio of actual sunshine
duration to maximum possible for northern latitudes.

112 |3/4|5|6]|7]8]9]10]11

0° |84 |80|64|64|64|56|61|64]|60|76|83

5° 181826762 |65|64|64|64|60|79 |84

10°]71|8469|61]|65|65]|65|63]|62|81|78

15°164 8272|5964 |65]|65|61)|65]|82|69

20° (6176|7460 63|64 64|59 |67|80]|63

25° 159169 |74]61|60)|64|62|59|69|76 |60

30° | 5763|7363 |57|60|58|59|69|71|58

35° 5258|7263 |57 |56 |56 60|68 |66 |55

40° 138 |55|69|61|57|55|56|60|67|61|45

O|W OO [(OIN(®|O|=N

45° 125149 |65 |59 |56 |54|55|57|66 |56 |33

50°| 5 |37|61]59|52]|53|53|54|64|48|13

55°| 3 |18|55]|58|49|4848|54|60|35]| 4

@w_,;—\w.hcnmmmm\loo—\

60°| 5 | 5 |46]|55]47]|44 45|52 |55|17| 4

RayMan provides the shadow for every day and
minute of the year for any given simple or complex
urban morphology as an additional output. Figure 8
shows the shadow for the morphology of Fig. 2 for the
Freiburg latitude (48° N). Information on shadow in
simple and complex environments is of particular
importance for the quantification of intensity and
duration of thermal stress in summer. It is also
important for recreational and environmental issues
regarding urban green space and the effects of trees
in urban areas.
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Figure 8: Shadow output.

Figure 9 shows the frequencies of the PET-
classes from very cold to very hot according to the
scale developed by Matzarakis and Mayer [7] (Tab. 3)
to describe the general bioclimatic conditions of City
of Freiburg. Figure 9 illustrates that in 39.1 % of the
studied hours, the PET conditions are lying in the
class of very cold, followed by the cold class (11.1 %)
and cool (12.7) and slightly cool (12.6). Only 8.2 %
are in the range of thermal comfort; 6.0% and 4.5 %
in slightly and warm class respectively. 3.7 and 2.2 %
of the hours of 2003 was lying in the hot and very hot
class.

Table 3: Ranges of physiologically equivalent
temperature (PET in °C) for different grades of
thermal perception by human beings according to [8].

PET (°C) Thermal perception
<4 Very cold

4-8 Cold

8-13 Cool

13-18 Slightly cool

18-23 Comfortable

23-29 Slightly warm
29-35 Warm

35-41 Hot

>41 Very hot

Figure 10 shows the frequency analysis of the
PET-classes calculated with a modified urban
morphology (from Figure 2). Here, the PET conditions
are different because of the modification of the short
and long wave radiation fluxes according to the urban
structure. It can be seen that there is a reduction of
the very cold conditions from 39.1 to 38.3 % and a
reduction of the warm, hot and very extreme hot
conditions. An increase of the cool and comfortable
conditions is visible.

Frequencies (%)

PET-Classes

Figure 9: Frequency analysis of the PET classes for
Freiburg in 2003.

PET-Classes

Figure 10:  Frequency analysis of the PET classes
for Freiburg in 2003 (with modified mean radiant
temperature) based on the urban morphology of
Figure 2.
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Figure 11: Bioclimate diagram of PET for the Urban
Climate Station Freiburg for 2003.

Based on PET a bioclimate diagram, which
includes ten days frequencies of the daily PET values
for the year 2003 was calculated for the analysis of
the general bioclimate conditions (Figure 11). The
thermal human-bioclimate conditions are expressed
in percentages of the occurrence of classes for ten
day intervals. The data are hourly data. Figure 9
depicts that 26 dekas of the whole year are conditions
with a PET less than 18 °C. 4.4 dekas are conditions
with PET higher than 29 °C and 3.3 dekas with
thermal comfort (between 18 and 23 °C). PET > 35
occurs from the 12" dekas (end of April) to 27" (end
of September). Additionally, the mean PET (11.5 °C),
the absolute maximum (51.0 °C) and minimum (-16.4)
value and also the frequencies of cold days (days
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with PET < 0 °C), thermal comfort and slight stress
days (days with PET between 15 and 25 °C) and heat
stress days (days with PET > 35 °C) resp. 77.5, 69.4
and 27.5 days are presented in Figure 11 for 2003.
Good description of the general thermal bioclimatic
regime is possible using this kind of bioclimate
diagrams, including relevant information in terms of
frequencies and extremes.

5. CONCLUSION

The presented model provides diverse
opportunities for research in applied climatology and
education. With easily available climate or
meteorological data air temperature, air humidity,
wind speed radiation fluxes, and thermal indices for
easy and complex environments can be estimated.
Additional information about clouds and global
radiation imported in the model can be the basis for a
more appropriate estimation of the radiation fluxes.
Therefore, the RayMan model is a valuable tool for
the planning and construction of climate oriented
dwellings and facilities for tourism resorts and urban
planning. It can also be used for the calculation of
shade to be provided by special devices in tourism
areas and resorts in order to create more comfortable
thermal conditions for recreational users and visitors
through protection from direct sunlight.

Micro scale models for urban climate studies
have to be easily understandable and user friendly.
Models with long running time are not of great
advantage for the quantification of climate effects on
the regional and urban planning level.
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APPLICATION OF THE RAYMAN MODEL IN URBAN ENVIRONMENTS

Andreas Matzarakis and Frank Rutz
Meteorological Institute, University of Freiburg, Germany

1. INTRODUCTION

Many climatic parameters and conditions
are affected in their temporal and spatial beha-
vior by the natural and artificial morphology on
meso- and micro scale. These effects are signifi-
cant on different levels of regional and urban
planning, i.e. design of urban parks or radiation
conditions in urban canyons, and a variety of
other applications (Matzarakis 2001, Matzarakis
et al. 2007, 2010).

For example, thermal indices that are de-
rived from the energy balance of the human body
can be of great advantage for many applications
in bioclimatology and applied climatology. Stan-
dard climate data, such as air temperature, air
humidity and wind speed, are needed to calculate
and quantify thermal bioclimatic conditions
(Hoppe 1999, Matzarakis et al. 1999). One of the
most important environmental parameters used
to derive modern thermal indices, however, are
short and long wave radiation (and the derived
mean radiant temperature). These can be deter-
mined using special techniques that have been
implemented in several models (Lin et al., 2010).

The RayMan model, which has been devel-
oped for urban climate studies, has a broader
use in applied climatology (Matzarakis et al.
2004; Lin and Matzarakis, 2008). It also includes,
outputs, such as sunshine duration and shadow,
can assist in the design and planning of recrea-
tion areas and the design of urban structures.

2. METHODS

To assess the urban climate in a physiologi-
cal significant manner it requires the use of me-
thods of modern human-biometeorology which
deals with the effects of weather, climate and air
guality on human organism (Mayer 1993).

The model ,RayMan® estimates the radiation
fluxes and the effects of clouds and solid ob-
stacles on short wave radiation fluxes (Fig. 1).
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The model, which takes complex structures
into account, is suitable for utilization and plan-
ning purposes on local and regional level (Fig. 2
left).

The final output of this model is the calcu-
lated mean radiant temperature, which is re-
quired in the energy balance model for humans.
Consequently, it is also required for the assess-
ment of urban bioclimate and thermal indices,
such as Predicted Mean Vote (PMV), Physiologi-
cally Equivalent Temperature (PET), and Stan-
dard Effective Temperature (SET*).

The development of the model is based on
the German VDI-Guidelines 3789, Part Il: Envi-
ronmental Meteorology, Interactions between
Atmosphere and Surfaces; Calculation of the
short- and long wave radiation and VDI-3787:
Environmental Meteorology, Methods for the
human-biometeorological evaluation of climate
and air quality for the urban and regional planning
at regional level. Part I. Climate (VDI 1994,
1998). For the calculation of thermal indices
based on the human energy balance, meteoro-
logical (air temperature, wind speed, air humidity
and short and long wave radiation fluxes) and
thermo physiological (activity and clothing) data
are required. Data on air temperature, humidity
and wind speed are required to run RayMan
(Matzarakis and Rutz 2005, Matzarakis et al.
2007, 2010).

When using the computer software “Ray-
Man” (Fig. 2 left) an input window for urban struc-
tures (buildings, deciduous and coniferous trees)
comes up. The opportunity of free drawing and
output of the horizon (natural or artificial) are
included for the estimation of sky view factors
(Fig. 2 right). The implementation of fish-eye-
photographs for the calculation of sky view fac-
tors is also possible. The amount of clouds cov-
ering the sky can be included by free drawing,
while their impact on the radiation fluxes can be
estimated (Matzarakis 2001).

For the estimation of radiation several mor-
phological information are required and based on
them additional information concerning radiation
information are extracted. The most important
question regarding radiation properties on the
micro scale in the field of applied climatology and
human-biometeorology is whether or not an ob-
ject of interest is shaded.


mailto:andreas.matzarakis@meteo.uni-freiburg.de
mailto:andreas.matzarakis@meteo.uni-freiburg.de

So additional features, which can be used b) estimation of daily mean, max or total global

for the evaluation of a region’s climate or the radiation (Fig. 2, right); and
development of new urban structures are in- ¢) determination of shaded areas are output of
cluded in RayMan. These are: RayMan (Fig. 3, right).

a) calculation of sunshine duration with or
without sky view factor (Fig. 2, right, Fig. 3,
left);

*'i/ RayMan Pro

il

File Input Output Table Language 2
Date and time: Current data

Date (day.month.year) |16.5.2010 Air temperature Ta (°C) 20.0

Day of year 136 Vapour pressure VP (hPa) [12.5

Local time (h:mm}) 1701 Rel. humidity RH (%) 53.5
Now and today Wind velocity v (m/s) 1.0
0.0

Cloud cover M (octas)
Geographic data Surface temperature Ts (°C) ’_
Location: Global radiation G (Wim#) |
- Mean radiant temp. Tmrt("C)|

| Remove Iocati0n| Personal data Clothing and activity

Geogr longitude (E)  |7°51° | | Heignt(m)  [175 | | Clothing (clo) [oo0
Geogr latitude (*N) [4870 | | weignt(ko) [75.0 || Actiity (W) [s0.0
Altitude (m) 323 Age (a) [35 || Position [standing ~]
Timezone (UTC +h) 1.0 Sex [m -

Thermal indices
W PMV v PET [ SET*

ﬂglose

FIG 1. Main window of RayMan.
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& i . o | i - Lh
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g - Angle (7|0 @FRo
P e date day of sunr. sunset SDmax SDact
w oAy E :«Z:D:(m) IT d.m. 7Yy year himm himm min  mwin
# ; 1.1.z2005 1 8:18 la:45 507 z0
2 Seele (miixe) pE Z2.1.2005 2 5:18 la6:46 508 21
] . — 312005 3 8:18  16:47 509 20
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FIG 2. Window for buildings and vegetation input (left) and data output for SVF and sunshine duration
in RayMan.
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FIG 3. Example of sun path (left) and shadow (right) for June 21 for a complex environment.

Horizon information (in particular the Sky
View Factor) is required to obtain sun paths (Fig.
3 left). Calculation of hourly, daily and monthly
averages of sunshine duration, short wave and
long wave radiation fluxes with and without topo-
graphy, and obstacles in urban structures can be
carried out with RayMan (Fig. 3 left). Data can be
entered through manual input of meteorological
data or pre-existing files. The output is given in
form of graphs and text (Fig. 2 right, Fig. 3 left
and right).

3. RESULTS AND EXAMPLES

The RayMan model can be applied for di-
verse applications. Results for radiation fluxes

can even be produced without any meteorologi-
cal or climatological data. Thus, it is of use for the
guantification of sunshine duration at a given
point with and without limited horizon (Fig. 3).
Results for mean or total monthly sunshine dura-
tion can easily be presented for a variety of envi-
ronments (Tab. 1 based on the building and ve-
getation data from Fig. 2 and 3). The calculations
for a potential building and vegetation morpholo-
gy presented in Table 1 have been carried out for
Freiburg, Germany, in a latitude of 48 °N and for
Athens, Greece (Table 2), in a latitude of 38 °N.

TABLE 1. Mean monthly daily sunshine duration without (Sdmax) and with horizon limitation (Sdmn),
Sum of monthly sunshine hours without (Dsumax) and with (Dsumn) horizon limitation in h
and the ratio between Dsumn and Dsumax for Freiburg, Germany, in a latitude of 48 °N .
Urban morphologies (horizon limitations) are shown in Figure 2.

Month 1 2 3 4 5 6 7 8 9 10 11 12
Sdmax (h) 89| 10.2| 119] 13.7| 15.2]| 16.0] 156| 14.3]| 12.6| 10.9 9.3 8.5
Sdmn (h) 1.0 4.4 7.5 8.0 8.3 8.6 8.5 7.8 8.2 5.7 1.9 0.3
Dsumax (h) | 275.5| 286.4 | 369.0 | 409.8| 470.5| 479.3 | 483.6| 442.6 | 377.9| 336.5| 278.9| 262.1
Dsumn (h) 30.2]121.8| 231.8| 240.1| 256.7 | 257.6 | 264.5| 243.3| 245.2| 175.7| 58.5 8.8
Ratio (%) 11.0] 425| 62.8| 58.6| 54.6| 53.7| 54.7| 55.0] 649| 522| 21.0 3.4




TABLE 2. Mean monthly daily sunshine duration without (Sdmax) and with horizon limitation (Sdmn),
Sum of monthly sunshine hours without (Dsumax) and with (Dsumn) horizon limitation in h
and the ratio between Dsumn and Dsumax for Athens, Greece, in a latitude of 38 °N. Urban
morphologies (horizon limitations) are given in Figure 2.

Month 1 2 3 4 5 6 7 8 9 10 11 12
Sdmax (h) 9.9 10.8 |12.0 |13.2 |14.2 |148 |145 [136 |124 |11.2 |10.1 |9.6
Sdmn(h) 4.3 6.1 8.4 8.2 8.1 8.2 8.1 8.2 8.3 7.1 5.1 3.3
Dsumax (h) | 306.0 | 302.0 | 370.7 | 395.6 |441.0 | 442.7 |449.8 |422.0 | 373.3 |347.9 |1304.4 | 297.1
Dsumn (h) |134.0 [171.1 |260.7 | 244.7 | 251.6 | 245.5 | 252.1 | 254.8 | 249.6 | 219.3 | 153.9 [103.0
Ratio (%) 43.8 |56.7 |70.3 |61.9 |57.1 |55.5 |56.1 |60.4 |66.8 |63.1 |50.5 |34.7
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FIG. 4: PET-Classes at the urban climate station Freiburg for the period September, 1% 1999 to De-
cember 31*, 2009 (from Herrmann and Matzarakis, 2010)

Fig. 4 shows the classes of Physiologi-
cally Equivalent Temperature (PET) based on
hourly data for Freiburg for the time period Sep-
tember, 1st 1999 to December 31st, 2009. The
data are from the Urban Climate Station of the
University of Freiburg (Matzarakis and Mayer,
2008). The shown classes of PET are according
Matzarakis and Mayer (1996). From Fig. 4 the
occurrences of thermal stress level can be ex-
tracted and quantified. It can be shown that 3.1 %
of the hours of the year are lying in the heat
stress classes (Herrmann and Matzarakis, 2010).

CONCLUSIONS

The presented model provides diverse op-
portunities in applied climatology for research
and education. With available climate or mete-
orological data, such as air temperature, air hu-
midity, and wind speed radiation fluxes, as well
as thermal indices for simple and complex envi-
ronments can be estimated. Additional informa-
tion about clouds and global radiation imported in
the model can be the basis for a more appropri-
ate estimate of the radiation fluxes. Useful infor-
mation in more detail can be derived in order to
create climate oriented dwellings and facilities for
tourism resorts and urban planning. It can also



be used for the calculation of shade to be pro-
vided by specific construction in urban environ-
ments in order to create more comfortable ther-
mal conditions with protection from direct sunlight
for humans in cities.

From the human-biometeorology point of
view the presented thermal indices can describe
and quantify not only mean conditions but also
extremes like heat waves and other climate and
health issues.

In order to quantify bioclimate conditions for
future scenarios, the model can produce informa-
tion through the use of global and regional cli-
mate model outputs. Through the use of geo-
statistical techniques and tools, the data can be
regionalized and provide a more detailed infor-
mation on the spatial conditions of present and
future climate conditions. Through the implemen-
tation of different land use and their surface
properties, a more appropriate and realistic pic-
ture can be created.

When used for education purposes, the
model can be applied in exercises as to how to
operate these models and in what way land and
urban morphology influences short and long
wave radiation fluxes in simple and complex en-
vironments. Additionally, it can be used for the
comparison between experimental and modelling
studies in teaching.
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