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Analysis of Outdoor Design Temperatures for Heating
and Cooling Greenhouses Based on Annual Percentiles

Sang-Woon Nam* and Hyun-Ho Shin

Department of Agricultural and Rural Engineering, Chungnam National University, Daejeon 34134, Korea

Abstract. In order to establish the criterion for analyzing outdoor weather conditions in the greenhouse heating and
cooling system design, we analyzed heating and cooling design outdoor temperatures by the annual percentile
method and compared with design outdoor temperatures by the existing seasonal percentile method. In the annual
percentile method, 0.4%, 1% and 2% of the total 8,760 hours per year are presented as cooling design outdoor tem-
peratures and 99.6% and 99% as heating design outdoor temperatures. When the annual percentile method was
adopted, heating design outdoor temperatures increased by 6.7 to 9.6% compared with the seasonal percentile
method, and cooling design outdoor temperatures decreased by 0.6 to 1.1%. The maximum heating load in the same
greenhouse condition decreased by 3.0 to 3.6% when the annual percentile method was adopted, but the effect on the
maximum cooling load was insignificant. Therefore, it is necessary to consider the change of heating design outdoor
temperatures to the annual percentile method, but it is not necessary to change the cooling design outdoor tempera-

tures since there is little difference between the two methods.
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Table 1. Design outdoor temperatures for greenhouse heating by
annual percentiles. (unit; °C)

Annual percentiles

Regions Data period
99.6% 99%
Cheorwon -16.8 -14.7 1988-2010
Chuncheon -14.7 -12.7 1981-2010
Gangneung -7.9 -6.1 1981-2010
Seoul -11.1 9.4 1981-2010
Incheon -10.1 -8.5 1981-2010
Wonju -14.4 -12.4 1981-2010
Suwon -11.7 -10.0 1981-2010
Chungju -13.5 -11.6 1981-2010
Seosan -10.0 -84 1981-2010
Cheongju -11.3 -9.5 1981-2010
Daejeon -10.2 -84 1981-2010
Andong -11.3 -9.5 1982-2010
Pohang -6.3 -4.7 1981-2010
Gunsan -7.4 -5.9 1981-2010
Daegu =72 -5.6 1981-2010
Jeonju -8.6 -7.1 1981-2010
Ulsan -6.0 -4.5 1981-2010
Changwon -4.9 -33 1985-2010
Gwangju -6.6 -5.1 1981-2010
Busan -5.2 -3.6 1981-2010
Yeosu -4.8 -34 1981-2010
Jeju 04 1.3 1981-2010
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Table 1. Continued.

Annual percentiles

Regions Data period
99.6% 99%
Seogwipo 0.2 1.3 1981-2010
Jinju -8.7 =13 1981-2010
Yangpyeong -14.6 -12.5 1981-2010
Icheon -13.2 -11.2 1981-2010
Inje -15.8 -13.8 1981-2010
Hongcheon -16.6 -14.5 1981-2010
Jecheon -15.5 -13.6 1981-2010
Cheonan -12.1 -10.1 1981-2010
Boryeong -8.4 -6.9 1981-2010
Buyeo -10.6 -8.8 1981-2010
Geumsan -12.1 -10.3 1981-2010
Buan -8.5 -6.6 1981-2010
Imsil -12.8 -10.7 1981-2010
Jeongeup -8.2 -6.6 1981-2010
Namwon -10.6 -8.8 1981-2010
Jangsu -12.9 -10.8 1988-2010
Suncheon -8.6 -7.1 1981-2010
Haenam -6.0 -4.6 1981-2010
Goheung -6.4 -5.0 1981-2010
Bonghwa -14.6 -12.6 1988-2010
Mungyeong -10.2 -8.6 1981-2010
Yeongdeok -7.5 -5.8 1981-2010
Uiseong -14.0 -12.2 1981-2010
Gumi -9.0 -7.5 1981-2010
Geochang -10.6 -9.0 1981-2010
Hapcheon -9.2 -7.7 1981-2010
Miryang -8.3 -6.9 1981-2010
Sancheong -7.9 -6.4 1981-2010
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Fig. 1. Comparison of design outdoor temperature of annual
99.6% and winter 99% for greenhouse heating.
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Table 3. Design outdoor temperatures for greenhouse cooling by

-20 annual percentiles. (unit; °C)
3y Annual percentiles
8 ° Regions P
x 15 ® 0.4% 1% 2%
o) o
o Cheorwon 31.0 29.8 28.7
T _10 Chuncheon 325 312 300
Z
= Gangneung 32.7 313 29.9
e _5 | | Seoul 31.8 30.7 29.6
— =
2 V=RLOER Incheon 30.8 295 284
g R#=0.9958
g g Wonju 32.2 31.0 29.9
8 Suwon 318 30.7 296
) Chungju 32.0 30.9 29.7
5
5 0 g -10 =8 -920 Seosan 314 303 29.1
Temperature of winter 97.5% (C) Cheongju 32.6 31.5 30.4
. . . Daejeon 323 31.2 30.1
Fig. 2. Comparison of design outdoor temperature of annual 99%
and winter 97.5% for greenhouse heating. Andong 324 313 30.0
Pohang 334 32.0 30.5
Table 2. Design outdoor temperature difference between annual Gunsan 313 30.3 29.2
percentiles and winter seasonal percentiles. Daegu 33.8 32.6 314
Temperature difference (°C) Jeonju 329 31.9 30.7
Annual-Seasonal
Max. Min. Avg. Ulsan 329 31.6 30.3
A99.6% - $99.0% 1.3 0.4 0.8 Changwon 31.9 30.8 29.8
A99.0% - S97.5% 1.4 0.5 1.0 Gwangju 323 31.3 302
Busan 30.8 299 28.8
16 Yeosu 30.2 293 283
= 7o F
- HERte 3 Jeju 31.7 30.6 29.6
AZE W) WAL AT A AL e e
N i} - Seogwipo 31.0 30.3 29.5
Hlgte] AAH 0 Z WIEA 97 6.7-9.6% 53l e
£ oz vepor), $U% &4 2ol by i 20 o 203
Fohe ot wiEe] WA AU RS slkee) Am 0 Yeewene 322 310 298
o] uhalo]] H)Ele] ok 3.0-3.6% AL 7AEH= Ao Icheon 32.1 30.9 29.7
BRI} Inje 31.2 29.8 28.5
Hongcheon 324 31.0 29.8
2. WHHEMAIZ 9|7 |2 Jecheon 31.2 29.9 28.6
AZF MRS Ao B3 249 Wi A 9)7] Cheonan 31.9 30.8 29.6
&2 Table 37 o} 249 WA 7S Azt 9 Boryeong 31.1 30.1 29.0
AT 1% o71eS AR ZAS F48aL Jlov & Buyeo 32.4 312 30.0
o) EAgzol Al 4ge) BN Wk R Geman 320 209 2058
HE . o]2= o/ TLX= Hos/0] 7LO ALRT)F 2~ olow
IR 04% 2/0:] de A = gloum Buan 316 305 295
Table 39 oS5 25 “geisialet. Imsil 313 30.1 29.0
R R 10 W) e AR o .y s s
eongeu . . .
7} 32.6°C2 71 w31, 5 288°CR 7P wekt A . gewp s - o
7H MRS 0.4%2] WA 9718 1% Hlslo] mon ' ' '
WA 97182 1%l ISt 0.8~1.5°CE3TE 1.2°C) Suncheon 325 313 301
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Table 3. Continued.

Annual percentiles

Regions
0.4% 1% 2%
Haenam 31.0 30.1 29.1
Goheung 31.6 30.6 29.5
Bonghwa 30.9 29.6 28.4
Mungyeong 31.8 30.6 294
Yeongdeok 32.1 30.8 29.3
Uiseong 329 31.7 30.5
Gumi 324 313 30.0
Geochang 322 31.0 29.7
Hapcheon 33.1 31.9 30.6
Miryang 32.7 31.5 30.3
Sancheong 325 313 30.1
36
(&)
x 33
=
e
®
E 30
g
®
S
o 27 =
5 y =0.9941x
=
= R?=0.9993
& 24
=
o
21 ‘
21 24 27 30 39 36

Temperature of summer 1% (C)

Fig. 3. Comparison of design outdoor temperature of annual 0.4%
and summer 1% for greenhouse cooling.

wko zo = vehgtt,

Fig. 394 Fig. 5 2 Table 45 <37+ wiE-9] k)
Ad wEe] WAoo g B WA 7S vlust
o] Yepd Aot Azt w9l 0.4%2] A 97
I f5F WMES 1% A €718 Hlwsd Fig
37} o] AL Aol7t gle AS & = YoM, Table 4
9} o] Az WMEAE 04%2] Fo] 0.1~0.2°CEHT
0.2°C) W& Ao Yepdrt. AzF w4 0.4%2] 3k
S AR 9 A5 WES 1%l viske] WAl
2712 0.6% sHdsh= Aoz FAEA

Ao -AE25, M2rd M3S 20184

A Yl AA7ee] B

36
©
.33
S
—
g
=z 30
=
«
N
<
Loy
= y =0.9919x
o R?=0.9983
(]
=}
g
'O

21

21 24 27 30 33 36
Temperature of summer 2.5% (C)

Fig. 4. Comparison of design outdoor temperature of annual 1%
and summer 2.5% for greenhouse cooling.

36

33

30

27

y =0.9894x
RZ=0.9974

Temperature of annual 2% (T)

21

21 24 27 30 33 38

Temperature of summer 5% (C)

Fig. 5. Comparison of design outdoor temperature of annual 2%
and summer 5% for greenhouse cooling.
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Table 4. Design outdoor temperature difference between annual
percentiles and summer seasonal percentiles.

Temperature difference (°C)
Annual-Seasonal

Max. Min. Avg.

A0.4% - S1.0% -0.2 -0.1 -0.2

A1.0% - S2.5% -0.4 -0.2 -0.3

A2.0% - S5.0% -0.5 -0.2 -0.3
5%9] A 97125 vlwEPd Fig. 59F o] A9 o]
7F gl AL B 4 0oH, Table 49} o] Azt wliE
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