Study on Integration of Vegetation Transpiration Model into
Outdoor Thermal Environment Analysis Method
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of existing plant physiology model and incorporate
them into numerical analysis method. In actual
measurements, (1) elucidate the influence of
environmental factors on transpiration of trees,
especially street trees, (2) Examination of
prediction accuracy of existing plant physiology
model.

E1l: transpiration rate [g / m 2 - s] Wi: saturated water vapor partial pressure on leaf surface [mb / mb] Wa:
atmospheric water vapor partial pressure [mb / mb] gsmax : maximum pore conductance: stomorphic
conductance [ Mole / m 2 - s]: leaf boundary layer conductance [mole / m 2 - s] Q: photosynthetic effective
radiation [umole / m 2 - s] Ta: temperature [° C.] D: drift [kPa] To: optimum temperature [° C. ] TI: Minimum
threshold temperature [p ] Th: Maximum limit temperature [p ] E2: Water vapor exchange amount [g / m2 -
s]: Water vapor exchange rate [-] Maximum water vapor exchange rate [-] Wind speed [m / s] leaves
Amount of saturated water vapor at warming [g / m 3] H: Amount of atmospheric water vapor [g / m 3]:
Constant according to pore situation [-] Pore opening [-]: Maximum pore opening [-] Amount of solar
radiation [W / m 2 ] Leaf temperature [° C.] Leaf moisture [cm 3 /cm 3]
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Study on Integration of Vegetation Transpiration Model into
Outdoor Thermal Environment Analysis Method

Measurement outline

Season:

September 14 — 22,
Time:

AM 9:00—PM 5:00
Installation location:

We selected a
relatively open site in the
Chiba Laboratory of the
Institute of Industrial
Science, The University of
Tokyo, so that it does not
become a shade of
surrounding buildings

Measurement target:
Selected evergreen broadleaf trees often used in street trees and
measure the trees (height 2.4 m, crown width 0.44 m) planted in pots.

Measurement items

Environmental factors include temperature, relative humidity, wind
speed, and photosynthetic effective radiation (PAR). Factors related to
transpiration include stomatal conductance, leaf surface temperature,
humidity around the leaf surface, transpiration amount of the tree.

1 Temperaturandhumidity 5 min.
: Ultrasonic anemometer
Environmental 2 Wind 0.1 sec. weatherstation

factors 3  Solar radiation 5 min.
4  PAR Photosynthetieffectiveradiation 5 min. PAR sensor
5 Stomatakonductance 30 min.

. .. 6 Leafsurfaceemperature 30 min. Porometer
Pore transpiratior — . .

7  Humidity aroundthefoliage 30 min.
8 Transpiratioramountof trees 30 min. Electronicbalance

Measurement method

Environmental factors:

Wind speed was measured at 10 Hz using an ultrasonic anemometer.
Temperature, relative humidity and total solar insolation were measured
every 9 minutes using weather station. Photosynthetic effective solar
radiation (PAR) was measured every 5 minutes using a photosynthetic
quantum sensor.

Factors concerning transpiration:

Using the leaf

porometer, leaves
located N each
direction of the tree
were selected one by
one as measurement
sample and each was
measured every 30
minutes.
In the transpiration
measurement of trees,
the amount of decrease
in the weight of the
trees planted in the pot
was measured every 30
minutes and was taken
as the transpiration
amount of the whole
trees.

Measurement of transpiration Waterproof facility above pot
amount of trees
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Study on Integration of Vegetation Transpiration Model into
Outdoor Thermal Environment Analysis Method

Influence of environmental factors on transpiration amount of trees

Formula for transpiration action Relationship with Par:
P Increasing relation is observed, the coefficient of determination is also 0.922, positive

= [/ (/g w1/ 1 % |[X (T~ XTI correlation is very remarkable. The main reason is that the leaves are exposed to solar

‘ - radiation and open pores by photosynthetic action. However, as shown in the left formula,
the transpiration amount is not only influenced by the pore opening degree but also due to
the influence of the saturation, and as the PAR increases, the evaporation rate also
iIncreases, so the transpiration amount becomes conspicuous increasing relation with PAR .

&

5]
S
o
w

x +153:26

(=]
&
(=]

= Biis /."" %3 &(0 iy ) E:E. 0.02
g, w0 B S 3 g ey SE Relati hi +h wind dr-
25 200 tsE 0/0005K2 0. Z4B T+ 25 447 5 E 001 elacionsnip wi winga speear:
52 $E o356 | 5= : : . : .. : :
2" o £ S 0 Although an increasing relationship was seen, the coefficient of determination was only
= 0 50 100 150 200 250 300 . .
=  ruprosmaseaesssemwma | 0.173. According to the theory of the leaf boundary layer, as the wind speed around the
- s leaf increases, the thickness of the boundary layer near the leaf becomes thin and the
ﬁ “;”;152‘:3? N i o0 transpiration amount Iincreases because the boundary layer resistance decreases.

.

Furthermore, since the influence of the wind speed on the pore opening degree and the
saturation is small, it is considered that the coefficient of determination between them
R0 T 02 IEATELE e 1 B 2O e ™ N becomes smaller than in the case of PAR.
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Relationship with leaf and air temperature:

Increase was found and the coefficient of determination was found to be relatively high,
I e __ “ ____________ 0.699. According to plant physiology, the temperature rise promotes the activity of the
. R-0305 enzyme participating in the photosynthetic effect and indirectly spreads the pores, but
LR D Hee V E R awEm So 5 0o s there is a tendency that when the relationship between the leaf temperature and the

’ weenle — pore reaches a certain maximum value, the leaves The tendency to Iincrease

T transpiration increased with the increase in leaf temperature became prominent because

R of the strong effect of the increase of the temperature difference due to the increase in

K et HERNE LN the temperature. The temperature is almost the same as the leaf temperature, and the
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Relationship with relative humidity:

= Although it tended to decrease somewhat, the coefficient of determination was 0.096,

e which was very weak. The possible cause is the difference in the amount of water vapor
| due to the increase in relative humidity (at the same temperature) in the air, the difference

. . o w o & | from the amount of water vapor in the leaves, that is, the drift decreases and the

Relative humidity [%] Relative humidity [9%] Relaive humidiy [%6] transpiration amount also decreases. However, its effect is weak (Fig. 5 (¢)), so this
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Study on Integration of Vegetation Transpiration Model into
Outdoor Thermal Environment Analysis Method

Examination of prediction accuracy of existing plant physiology model

Result of model identification:

As shown in Table 1, the identification result shows that R2 (coefficient of determination) of Kosugi is 45%, which is higher than Jarvis's 42%, so that the

satellite relational expression is changed to S type curve The modified Kosugi model certainly improved the prediction accuracy for gs. Furthermore, when
comparing the estimated value and the measured value of each model on a daily basis (FIG. 6), the estimated value almost agrees with the actually measured
value on average, and the estimated values by Jarvis and Kosugi were 38.8 and 39.0 mmole / M 2 - s, and the difference from the measured value of 39.1 mmole /
m 2 - s was 0.3 mmole / m 2 - s or less.
As for the parameter identification of the Kanda model, since there is no variable called gs in the model, it was identified from the integrated transpiration amount
directly measured. In addition, since the accumulated transpiration amount measured every 30 minutes from the balance varies, the integrated transpiration
amount at 2 hour interval and the average value of environmental factors were used for the identified data. The identification method was the same as the
method used for Jarvis and Kosugi model, and it was found and identified as R2, which is 21% as identified in Table 2.

~ Table 1 Thaesultof identiying the parameters of Jarvis #usugimodel  Result of examination of model prediction accuracy:

gsmax a b1 b2 TI To Th R2 . . . . .
Tarvis nital 01 000475 o132 . - ” 25 The estimation results of the three models are shown in Fig. The tendency of Jarvis and
Identified valueD.091  0.00171  0.248 - 50 364 500 042 | Kosugi model tended to be larger than the measured value on average, but the tendency of
Kosugi  Iniial  0.45  0.0045 458 41 - 44 45 X the Kanda model tended to be smaller than the measured value. The results of Jarvis and the
Identified valueD.099 ~ 0.00203  2.23 2.86 50 419 463  0.45

Kosugi model almost agree. The absolute value of the average error for each day is 25% for

P Table 2. Theestilt of identifying the parametersioanda . W hoth Jarvis and Kosugi, which is lower than 29% for the Kanda model, so the model of Jarvis

Opmax C C C C R? : . ) . . . . .
PN —— 4r3 20:’(10.6 124 0;7 032 00175 03525 and Kosugi has slightly higher prediction accuracy than the estimation of transpiration

Identified value4.3  3.67x10° 144 0.77 0.2 00175 0125 o021 | amount , There is little difference.

— —w__ Observed o Estimate . . Estimate Observed Estimat ; Estimat 120
> . value _Jarvis _Kosugi “TFTT value ¢ _S‘Jg?\ise T ¢ _?(ngae U
= 60.0 ., 800 S 2100
G @ ]
- = 600 o ' Tl
o . 400 - 5 oo LK /A / . S5
s £ 300 - > N /S o / - 25 60 -
3} . : : ; : . : : . 400 'S
= = NiNYW i/ e g >
FR ST Yo Yo NN S SO S S S SO S S S S 300 NN o 578 40 1
5 - €. %00 N/ £y
I O N O T s OIS WSS S S S S— S—— A— 3 5 & E 20 -
g 5 £ 100 - 25
% 0.0 % 0 3 0
3 9/14 9/15 9/16 9/17 9/18 9/19 9/20 9/21 9/22 a 9/14 9/15 9/16 9/17 9/18 9/19 9/20 9/21  9/22 0 20 40 60 80 100 120
< . . (g/mz2-s) Cumulative transpiration amount _
Period Period observed value for 2 hours
Fig. 6 Comparison of estimated value and measured value of gs Fig. 7 Comparison of the estimated value of the transparency Fig. 8 Distribution of estimated
by Jarvis and Kosugi model of Nikkori and measured values by the three models values and measured values by

identification of Kanda model

Kato Lab., Ooka Lab., and Kikumoto Lab.




[=2]
o

*
& ¢

1.7442x + 153.

(

[g]

N
o

L 4
y =-0.0009%+ 0.2487x +
. R2=0.3509

=

Error VDP

conductance

[mmole/m2 s ]
N
o

Daily average pore

o

Daily transpiration
amount

0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Par (Photosynthetic effective radiation) [W/m2] Par (Photosynthetic effective radiation) - [\y/m2] Par (Photosynthetic effective radiation) [\W/m2]

60

40 o4

[a]

&
L 2
2
o

Error  VDP

20 Y g Ax+30
0.07

0

0.0 02 0.4 0.6 08 1.0 1.2 14 16 0.0 02 04 06 08 10 1.2 14 16 0.0 02 04 0.6 0.8 1.0 1.2 1.4 16
Wind speed [m/s] Wind speed [m/s] Wind speed [m/s]

Daily average pore
conductance
[mmole/m2 s ]

Daily transpiration
amount

]

g
[e2]
o
o

S
o
o

Error VDP

n
o
o

y=-0.

amount

X
R2=0.

o

Daily average pore
conductance
[mmole/m2 s ]

Daily transpiration

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0O 5 10 15 20 25 30 35
Leaf temperature e] Leaf temperature 1] Leaf temperature o]

g]

[
(o]
o
o

N
o
]

5828%+25.6

§z2=0.262;

Error VDP

N
o
o

o

Daily average pore
conductance
[mmole/m2 s ]

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Temperature  [@ | Temperature [© ] Temperature [ ]

=
S
®
=
Q
1]
i=4
<
=
2>
‘T
a

[a]

4x + 32

0013 Q
YULs

N A
Error VDP

Daily transpiration
Daily average pore
conductance
[mmole/m2 s ]

20 40 60 80 100 20 40 60 80 20 40 60 80
Relative humidity [ ] Relative humidity [ ] Relative humidity [ ]

BRI E - KR E - AR E

Kato Lab., Ooka Lab., and Kikumoto Lab.




