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Summary

This research evaluated the positive effects of outdoor greening on the thermal environment
improvement, residents’ health and CO2 reduction, and also developed the method for
proposing healthy and low-carbon lifestyles using NEB (Non-Energy benefit) indices.
Residential areas were selected for the case study and NEB by outdoor greening was
evaluated in terms of thermal comfort, resident’s satisfaction, physical and mental health,
and productivity.

For the thermal comfort in outdoor spaces, it was confirmed that MRT (Mean Radiant
Temperature) was appropriate index for evaluating thermal environment of green spaces and
designing the comfortable thermal environment. For the physical and mental health of the
residents, outdoor greening showed positive effects on heartbeat and sleeping efficiency of
residents, and these were considered to contribute to the reduction of physical and mental
stresses.

For the residents’ satisfaction toward the living environments, outdoor greening increased the
residents’ satisfaction through the consciousness and behavior toward outdoor environments
and increase in the consciousness toward their health. Therefore the residents’ satisfaction
was confirmed to be appropriate NEB index for environmental maintenance for outdoor
spaces.

The NEB of outdoor greening was also examined and calculated in terms of monetary value,
and it was confirmed that outdoor greening had a potential to decrease medical cost of the
residents and increase real estate value of the residential areas and tax revenue of the local
governments.

The effect of outdoor greening was also evaluated in terms of CO2 reduction. As the results,
positive consciousness toward outdoor greening and the use of outdoor green space were
related to the reductions of air-conditioning use and the CO2 emission.

From these results, it was clarified that outdoor greening in residential areas contributed to
increase in NEB, including thermal comfort, mental and physical health and residents’
satisfaction toward the living environment, as well as the reduction of CO2 emission by
air-conditioning use. The effectiveness of these NEB indices was confirmed for healthy and

low-carbon lifestyles.
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2015/7/20 |H | 33.917| 52.278] 31.4 59[4.75[1.58]2.35] 1.04 0.99/5.47]|7.08[5.47(3.39]14.73]2.98| 2.6 [2.14]1.89]1.69]|2.83[2.43[1.22]1.46
2015/7/21 |k | 34.961| 42.139| 31.761| 48.889[2.27|1.87]| 1.6 [ 1.3 0 |6.27]2.18[4.31]3.81]274[3.08[2.73] 2.1 [2.16]1.58] 2.2 [1.74] 0.5 | 1.47
2015/7/22 |7k | 33.561 41| 31.178] 47.222|1.79[1.31]0.46 [ 0.19 0 |5.88]3.15[3.83|3.463.02[(3.48[2.33] 2 [0.78]|1.71]1.85[1.43| 0 |1.43
2015/7/23 |A | 30.047| 62.056] 28.889| 65.222(1.76 | 1.25|2.11 [ 0.05 0 [377]1.95[1.03|153]|258[1.69/2.36]1.61[0.82]/0.77]/0.34] 0.4 |0.28]0.53
2015/7/24 |% | 32.475| 63.667| 30.556| 68.222(2.18]1.890.96 | 0.05 0 |6.02]3.86[321]|382]349[ 3 |1.86]/1.98[1.95/1.55]/0.94[035]1.14]1.27
2015/7/25 |+ | 34.669| 50.944| 31.431| 60.167[3.76 | 1.46 | 1.78 [ 0.05 0 [5.87]542]6.15|352[3.92[3.07]2.84]1.76]/2.01[1.43[1.97]2.02]2.99]1.48
2015/7/26 |H | 36.386| 44.75| 32.842| 54.833[5.08|2.912.32[0.12 1.28|7.31[5.86 | 5.86 | 3.28 [3.52 | 3.69 | 3.7 [1.52|2.68]2.17[3.56 | 0.89 | 2.67 [1.77
2015/7/27 |B | 35.714| 47.444| 32514 55[2.78 1 2.92 [1.29 [ 1.38 052 | 6.4 |4.23]6.21[3.464.26[3.29(3.51|2.33]1.22[2.33|3.47]0.12[0.48|1.26
2015/7/28 |k | 34.458| 49.444| 31.372| 56.028[2.54]|2.781.38 [ 0.97 0.28 [5.68|4.3113.33[359|456(3.16[ 2.8 | 2.46|2.61[157]1.47]0.31[0.69]1.46
2015/7/29 |7k | 33.592| 52.472| 31.675| 55.694|2.89 [ 2.87 [2.25| 0.6 0.41[563]4.01]5.35[3.43]/3.68[2.98[2.05]/1.95[2.14|1.61]1.49]0.71|1.48]1.31
2015/7/30  |K | 32.692| 59.694| 31.1| 61.861] 2.6 | 2.54 | 1.38 [ 0.94 0.39/5.293.49[4.28[3.93]2.05|2.92|252[2.18]2.15]1.52] 1.4 [063[1.07]1.23
2015/7/31_|%& | 35.236 49| 32.075| 57.028]|3.98 | 3.2 | 1.53[0.99 0.6 |6.61|4.45]|4.79[4.02[1.41]3.65[3.41[223]|1.13[1.57[1.68]|0.58] 2.1 [ 2
2015/8/1 |+ | 36.111] 49.222| 32.739| 57.806[3.74 | 2.75|2.36 [ 1.2 2.73(7.728.07|7.53[3.71|3.49[3.73[ 3.9 |2.27[2.68[2.01]|0.17| 2 |2.64]1.83
2015/8/2 |H | 35.711] 47.528| 32.461| 55.556[4.99]|1.51 |2.28 [ 1.62 1.7417.69[8.23[7.1413.48[3.16| 3.3 |3.09[2.16|2.25] 2.3 [0.34|1.91]2.35[1.89
2015/8/3 |B | 35.411| 46.472| 32.222| 54.333|2.78 [ 2.94 [2.24|0.85]|0.38 | 1.18[4.26 [ 0.9 |5.66|3.87| 1 [4.07[3.04]2.43] 1.2 |1.69[3.24]1.61]0.99]0.13
2015/8/4 | | 35.136] 47.167| 32.269| 54.222( 2.5 |3.12|1.49[1.48]|1.88|0.64 [6.37|6.64 |5.47 [3.64|1.46[3.64| 3.6 |2.38[2.47]|1.83]| 2.2 [1.86] 0.9 |0.49
2015/8/5  |JK | 34.319] 50.75| 31.903| 55.611[ 2.5 |2.86 |1.56 [0.75|2.11| 0.4 [6.74]6.57 |5.79[3.730.98 [3.91[2.13]|2.39[1.46|1.84|287| 2 |1.24]1.59
2015/8/6  |A | 35.367| 47.917| 32.428| 55.222(3.32|3.07| 2.5 [1.08|2.47| 0 [7.01]5.44]0583.89]|1.21[4.09|251] 2.1 [353]|2.61]2.95[2.27]/0.85]1.87
2015/8/7 |% | 36.839] 41.056| 33.656| 46.889(3.44|2.971.87 156227151 | 83| 5.7 [0.02|3.87]2.16[4.01[3.94]|237[257|266] 1.8 [2.37]2.89]1.82
2015/8/8 |t | 32.25| 51.028| 30.678| 53.694|2.43 [2.41[1.78 [ 1.46 | 1.17]| 254 3.6 [6.47]0.01] 2.9 |2.86[3.243.44]2.06]|2.29]| 1.2 [1.15]0.99]3.23]2.02
2015/8/9 |H | 32.431] 46.139| 30.031| 50.917(2.79|2.79]| 1.9 [1.66|2.16 |0.85[3.19]|4.46 [ 0.01 [3.16 | 2.43[2.49[1.95]|1.55[1.76 | 1.56 | 1.59 [ 1.67 | 0.93 | 0.82
2015/8/10 |H | 28.644| 79.611| 28.539| 74.389(3.54 | 2.56 |1.35[0.85| 0 [0.94[ 0.4 |1.84[4.02[3.23|3.17[1.99[1.66]1.38|1.41|1.28]|0.85[1.01|1.42]0.88
2015/8/11 X 33.5] 48.667| 31.364] 51.083|4.13[2.97[259]1.38] 2.9 [0.73]| 5.3 [367| 58 | 3.9 | 46| 2.4 |3.13[1.98|1.34]|1.64[1.78| 1.6 | 0.9 [1.38
2015/8/12 |7k | 32.181] 58.25| 30.794| 59.167(4.33]2.78 | 0.89 [0.89|2.29 [0.43 (552 |3.11 [4.73[3.62|2.82[2.28|2.88]2.06| 1.9 | 1.48]0.78[1.62|1.23]1.43
2015/8/13 |A | 30.331] 65.083] 29.233| 66.222(3.91|2.44]2.15[1.05|1.42]0.77[0.07]5.51[2.73[3.47]2.79| 1.4 [211]0.83]1.12]0.81]0.91[1.27]1.42]0.76
ACHHEHEET 87.3[73.2[46.9[26.5[ 22 [20.2[ 168 [ 138 [ 125 [ 105 | 94 | 91 [88.7[60.6 |57.1[50.2 [47.5[43.2[ 39 [38.8
REFABEZK 0o fofo]J]o]1]12]f]o]l]o]J]o]o]|]o|]o|]o]J]o]J]ofo|] o] o] 6 ]oO
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#3-3-3 9 HEO ACEARML (O~ FOEOFINT IR FIZEEHE)
{5 4B ) H£HEE FREEE
FRERBSE | £ERNA PN T % N
i it M 7 7 KB
— A
N N N N
AR
AH b SR <;§ KR (;7 21 20 23 19 24 9 13 8 2 15 22 17 5 11 4 3 16 12 1 7
(C) >° (C) >°
2015/8/14 |4 [31.45]|62.97|29.33| 68.5 0f0.211 0f0.766]0. 304 0]0.239]1.138]0.018[0.687]0.216]0.847[0.931]0.103]0.501[1.798]0.474]0.342[1.407]0.777
2015/8/15 |+ [32.11]54.92]29.92[60. 36 0 0]0.065/0.434| 0.44[0.517]0.706{2.311[0.018 0/0.008]0.816{0.975[0.662|0.165|2.534| 0.45/0.665]1.398[0.662
2015/8/16 |H [32.17]|52.17]30.11[56.25 0f0.653]0.559]0.765[0. 445]0. 243]0. 454[2. 206]0. 018 0f 1.27 |1.459[0.921[0.545|0.752]2.248] 0.39]0.687|1.398[0.649
2015/8/17 |} [25.86|94.56|27. 18[83. 28 0 0 0[0.611]0.237 0[0.048]0.002] 1. 696 0 0 1.04 0[0.241[0.212]1.298[0.184|0.311]0.826[0. 326
2015/8/18 |k 31|64.97| 29.2|70. 14 0 0/0.991]0.631[0.405 0/0.237]1.555[1.783[0.639 0f1.002]0.223[0.476[0. 508 0]0.329]0.584[1.4340. 488
2015/8/19 |7k |31.11|54. 75|29. 71[56. 33 0 0 0fo0.718]0. 264 0[0.048] 1.23[1.745] 0.41 0f1.377]0.739]0.174[0.516 0/ 0. 298] 0.584[1.409[0. 635
2015/8/20 |A& |27.18]78.83|26.84|74. 78 0 0 0f0.446/0.312 0[0.048]0.394[1. 207 0 0]0.222]0.074[0.448[0.347]0.808[0.046/0.478/0.919]0. 285
2015/8/21 |4 [29.33]|71.72]28.02[71.86 0 0] 0.208/0.604[0.412 0/0.176 0f1.533 0f0.325[0.222]0. 279 0| 0.38]1.253]0.287[0.565| 1.06] 0.46
2015/8/22 |1 |32.53|56.81[30. 16{62.89]0.535 0]0.399]0.829]0.385[0.458]1. 198 0f2.359/0.554]0.978[0.222] 0. 736 0f0. 638 0/0.313]0.837[1.435[0.941
2015/8/23 |H |29.86[63. 11 28]68. 86 0 0 0[0.357] 0.28]0.751[0.762]0.069] 1. 996]0.683]0.879]0.799[0. 277 0f0. 658 0/0.311]0.661[1.077[0.942
2015/8/24 |} [28.65|51.97|26.71[54. 14 0 0 0[0.447[0. 158 0[0.048 0[0.018 0 of 0.22 0 0[0.027]1.651]0.107] 0.52/0.911 0
2015/8/25 |k |22.89]66.11]22.72(61.94 0 0 0[0.036/0.001 0[0.048]0.001]0.018 0 0fo0.218 0 0 0 0 0f0. 149 0 0
2015/8/26 |7k [20.28]93.53]20. 48[89. 22 0 0 0[0.035[0.001 0[0.048 0[0.018 0 0f0. 222 o[ 0.03 0 0 0 0 0 0
2015/8/27 |A& |28.54(58.31(26.04[64. 11 0 0 0 o[ 0.01 0[0.048 0[0.018 0 0f0. 222 o 0.03 0 0 0[0.207[1.298] 0.3
2015/8/28 |4 24[72.22]22. 93| 74. 28 0 0 0 0[0.002 0[0.037 0[0.018 0 0[0.221 0| 0.03 0 0 0 0 0 0
2015/8/29 |1 |21.81[87.92[21. 16(87.92 0 0 0 0[0.002 0[0.048 0[0.017 0 0f0. 222 o[ 0.03 0 0 0 0 0f1.439
2015/8/30 |H [21.92]91.78[21.97[89.83 0 0 0 0[0.001 0[0.048]0.001]0.018 0 of 0.22 o 0.03 0 0 0 0 0 0
2015/8/31 | A |23.36(85.86(22.91(84. 28 0 0 0 0[0. 006 0[0.048 0[0.018 0 0f0. 222 o[ 0.03 0 0 0 0 0 0
2015/9/1 |k [25.19]86.06[24.53]|86.08 0 0 0 0[0.006 0[0.048]0.002]0.018 0 0fo. 222 0 0.03]0.008 0 0 0 o 0.16
2015/9/2  |/k [29.26] 72.5[27.59[77.56 0 0 0 0f 0.01 0[0.048]|0.917[1.225 0 0f1.074]0.131[0.394[0.393]2.001[0.173]0.682]|1.226/0.628
2015/9/3 |k [29.19]59.53[27.57]|62.56 0 0 0 0[0.002 0[0.048]0.001]0.018 0[0.801[0.221] 0.02[0.248 0[0.268] 0.13[0.429[0.969]0.257
2015/9/4 |4 |29.88| 55.5[ 27.8[60.14 0f0.295]0.233 0[0.013 0/0. 157 0[0.018 0 0]0.429]0.551{0.464[0.097 0[0.106]0.536|1.286[0.447
2015/9/5 |+ [29.24[50. 22[27. 61[53. 44 0 0 0 0[0. 008 0[0.048] 1. 151]0.018[0.075]| 1. 132[0.966 0[0.266[0.171]1.298 0f0.402[1.152]0. 264
2015/9/6 H |26.33 70| 25.9]68.69 0 0 0 0 0 0[0.048 0fo0.018 0f0.259[0.216 o 0.03 0 0| 0.05 0f0. 406 0
2015/9/7 | H [23.52[93.03[23.87[86.64 0 0] 0.65 0[0.002 0[0.048]0.001]0. 246 0 0 0 0f0.075 0 0 0 0]0.015] 0. 096
2015/9/8 |k 20[98. 78/20.57]91. 06 0 0 0 0 0 0[0.048 0[0.015/0. 102 of 0.22 o 0.03 0f0. 633 0 0 0 0
2015/9/9  |/k [23.63 99| 23.5| 97.5 0 0 0 0[0.001 0[0.048]0.001]0.018 0 0f0.221 o[ 0.03 0 0 0 0 0[0. 086
2015/9/10 |AK [22.44]96.53]22.73[87.56 0 0 0 0 0 0[0.048 0[0.018 0f0.096[0.222 o 0.03 0[0.516 0 0 0[o0.216
2015/9/11 |4 [28.16]54.92]25. 72[60. 06 0 0 0 0[0.001 0[0.048 0[0.018 0 0f0. 222 of 0.03 0| 1.57]0.071] 0.58[0.336 0
2015/9/12 |+ [28.79]| 54.5|26.63[60.89 0 0 0 0[0.002 0[0.048]0.001]0.018[0. 284 0fo0. 742 0f0. 263 0f1.128 0 0f0.691]0.314
2015/9/13 | H [26.18]64.67[25.68]65. 11 0 0 0 0 0 0[0.048 0[0.018[0.327]0.058{0. 217 o[ 0.03 0 0/0.048 0 0]0.473
ACHH&E A FE 0.535[1.159[3. 105[6.679] 3.71[1.969[5.022[10.98[14. 18[3. 761[6.022[14. 75[5.857[4. 749[5. 373 19[3.767[9.219[20. 65[10. 85
A H 2 30 28 24 20 20 27 23 23 22 22 21 20 19 18 18 17 14 13 12 9
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