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Background

v’ Single-tree based model is promising to utilize urban tree's
thermal effect for urban planning

v’ Transpiration model needs parameterization to represent
physiological reSpoNnse (e.g. Jarvis: Phil. Trans. Roy. Soc. Lond. 1976)

v’ There is few data dealt with urban tree, esp. single-tree
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Do Urban Trees Use Much Water Than Forest? 3

v Some studies (e.g. Moriwaki et al.: J. Jpn. Soc. Civil Eng. 2002, Narita et al.: Trans. AlJ 2006)
indicated garden/roadside trees can use much water than forest
(1.5~2 times)

v’ Others indicated chronic drought due to water supply limitation

Urbanization & Humidity Change in Japan
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Purpose & Process of Study

1. Quantify whole-tree transpiration rate under isolated & soil

restricted condition, sunny irrigation day
cf. Asawa et al.: J. Jpn. Soc. Reveget. Tech. 2012+-2014, Kiyono et al.: Trans. AlJ 2015

2. Parameterize hourly responses to light & humidity

Hot & Dry Air (High VPD)

This Study: Container-grown
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Study Site: Aichi Prefecture, Japan Soil Volume Restriction



Purpose & Process of Study >

cf. Asawa et al.: J. Jpn. Soc. Reveget. Tech. 2012+-2014, Kiyono et al.: Trans. AlJ 2015

2. Parameterize hourly responses to light & humidity
3. Evaluate relative importance of parameters to reconcile model
simplicity and species variation

C ! e %Sapflowks."e‘né r
This Study: g ‘,,‘(C“matech;vv%%g )
Gravimetric # (
Method .

0 g
LAY L

Advantages of Gravimetric
Method:

v Hourly Temporal Resolution
v' Comparison among Species
(Xylem Type Difference)

cf. Saugier et al.: Tree Physiol. 1997,
Steppe et al.: Agric. For. Met. 2010




Sample Trees: 11 Popular Urban Tree Species in Japan 6
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'Q. acutissima s ~+C. camphora =t 40 G

e

Q. myrsinifoia ki
; j S. japonica

v’ Soil Volume: 0.5 m3 (Trunk Diameter =~ 10cm)
v' Growing in farm field from 2010, everyday irrigation

v Measured in summer 2012 mainly
v’ Terrestrial laser scanning (vz-400, rieGLE) in 2012



Condltlon Change of Z. serrata & Q. mvrsmlfo//a /

3 ->< Other 9 sp had been almost same condltlon 2010“2012
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| | Contactless Poll
X% (Overturning Prevention)

Weighing Method for Long

Term Analysis: Platform Type Windbreaking R
) & Rainproof ¢ H \(
f.A tal. 2012-2014 \—I %—
(C vana s ) Loosed cables ] X ><

Not to receive tension

Forced Ventilation,
-

: ADR Soil Water
i Content Sensor
1 - .~ Stainless Planter
W 1000

L 1000

H 600 mm

Heat Insulator

v’ Continuous measurement
(2010 ~ 2012) of Z. serrata

v’ Stable platform type was
adopted for long term
measurement



Weighing Method for Short Term Analysis: Hanging Type °

v'Hanging container using 3 beam type load cells
(detachable & portable, 2.6kg), manually operation
/Top board covered soil surface completely

A R
____100cm © - Woody
|—|‘ ‘ A " ‘ Top Board
Lever Block
v Loam Soil
90cm S—shape — 50 cm thick
Beam Load Cell | |

= '=;=}
=2%° Q. m. 2012.7.29 L
2 ., 1000 Supporting
%D 500 Point
gsais AT RE R ke L ] = 3
= 42 Y — i 1] NNSNSN I PR
520 XWlnd Velocity: 1.2m/s O VN®WTMON E L2 ¥ E+
No - o< KE -
21:00 22:00 23:00 AhAAE BB v




Sample Weight (hanging type, 10 min. moving avg.)

10

Sample Weight [kg]
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650 60
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5507 M\ - 30
SEELATANA VAN A F20
500 - e
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450 | | | | | | | | | | | | | | O
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Soil Water Content [% v%lé]

700
G. biloba . camphora | &,
650 -
— 40
600 - - 30
Fooci 7 sz 20
550 47
N Q. serrata - 10
500 T T T T T T T T T T T 1 0
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650
600 -
550 - M. kobus 20
- 10
500 |||||||||||||||||||||0

09/05

09/10 09/15 09/20 09/25

v Developed 3 hanging type gravimeter
v About 2 weeks continuous measurement for each tree



Diurnal Transpiration & Vapor Conductance 11

Latent Heat [kW tree™]

—e— Transpiration Rate & Latent Heat —&— Vapor diffusion Conductance
i 47 zs.2010/8/21 47 Zs.2012/8/20 %7 Q.m.2012/8/4 %7 Q.m.2013/8/19 - 300
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2- 3 31 37 - 200
i ]
1- - 100
— l_
0_ 0 - T T T T T _O T T T T T T - 0
1 — 47 s 2012/8/4 T 1 C.xy.2012/8/2 T 1 G.b.2012/8/17 - 300

T 9.2kg/d 13.7kg/d 16.3kg/d
24 £ 3+ . . S
|7 ] 5 VPD

2 | - E=G
4 = - o - YV
12 = Pa
0_ 40_') I g'
i &5 " 1 C.c.2012/8/16 T 7 B.j.2012/8/26 300 >

27.9keid 18.5kg/d '®) .

2§ n 7 1 s v Max transpi-
| g 2 .
H & I I < ration rate:

= 1 ] &
- ~J

S > 173 kg/h
0_ l_ N _I N _I o
1 47 ms. 20128124 - - 1 Mk 2012797 300 =

13.5kg/d 20.7kg/d — .

2 3 ! ! n Lo 5 ¥ Midday
] | i L .
I _ | | [ = depression of
' G,was clear
0_ - T T T T T B T T T T T - O




Comparison of Daily Transpiration Capacity 12

m E. /Eyy (Crown projection area base) ® E,., / E,(1m°base)

Z.serrata (2010)
Z. serrata (2012)
Q. myrsinifolia (2012)
Q. myrsinifolia (2013)

S. japonica

C. x yedoensis
G. biloba

Q. serrata

C. camphora
B. japonica

M. stellata

Q. acutissima
M.kobus

Simplified Penman Eq.
Makkink: Netherl. J. Agric. Sci. 1957

R. s
E S

: : ot — a
o Meanl ) Mear, o ASHY

+ b

v Normalized by E,o¢ (= Water Evap. ) to remove atmospheric effect
‘/Ecr/Epot= 0.62+0.36 (Mean=*S.D.)
v' Z. 5. & Q. m. changed 2~3 fold over the years



Comparison of Daily Transpiration Capacity 13

Single Tree (This Study, Temperate Broad-leaved
Crown Area Based) Forest (Komatsu 2005)
N~ N~ —
n=13 n=14
© - Hassuming Z. s. & Q. m. after yearly ©
change were different sample
O — LO —
>
=
5 N~
-]
] ™ -
LL
N —
H —
o |
0.0 0.2 0.4 06 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

v Mean Ecr/ E S0t WAs not different from forest (cf. Komatsu: Hydrol. Processes 2005)
v’ Large dispersion (variety of transpiration characteristics)



Species Variation of Sensitivity to Light & Humidity 14

v’ Parameterize physiological response of vapor conductance (G,)
using Jarvis (1976) type empirical model

PAR Gyref, b1, by: Fitting Para.
G, = (Gvref — by * ln(VPD)) y A PAR: Photosynthetic Active
PAR + b, Radiation (Horizontal Plane)

2 1.0
= 0.8
g 1.5 - _f
=t 0.6 ) (LA L
2 =04 g
= h's
- 05 - Fo2 { @\

0 . . 0.0

0 2 4 0 1000 2000
VPD [kPa] PAR [umol m-2 s]

v’ Horizontal PAR sensitivity differed 5-fold among trees
Both tree morphology and leaf level physiology affect

v VPD sensitivity differed =20% in normal condition (1~3kPa)



Water Use Characteristics: G, & VPD Sensitivity 1>
140

e Estimated Value
120 4 —Oren 1999
100 - —Katul 2009 @ Diffuse-porous & Deciduous
""" Regression Line "o Ce B Ring- & Deciduous
. | O Diffuse- & Evergreen
80 1 | A Tracheid
60 2~ 2013 L
" s 2010 o
40 1 2013, 2012
Q. m
2012
20 - y = 0.4199x
R2 = 0.4018
0 I I I I R e - ——
0 50 100 150 200 250 el BeE
Q. m. 2012 Goor [kg bl treett] Z.5.2010 Q. serrata

v Gyrer and by correlated, the regression line was close to
theoretical value of stomatal optimization (cf. katul et al.: Annals Bot. 2009)

v Z. serrata 2010 was most insensitive to VPD (i.e. drought stress)
..pruning (increase of leaf/root area ratio) can affect



Comparison of Parameterization Schemes of G, 16

v" Evaluate relative importance of fitting parameters in G, model to
reconcile model simplicity and species variation

‘.Sapﬂowv Sensor. f
"(Climatedw\/\';l,ébs' e) PAR

I
R
L \

G, = (Gyres — by * In(VPD))

Transpiration Capacity

= we can estimate from daily value

PAR + b,

Model (1)

Using each tree’s estimated value for all parameters (Gyer, b1, by)

Model (2)

Using each tree’s G- and species average value for Gyref/by, by

Model (3)

Using species average value for all parameters (Gyyer, b1, b;)



Comparison of Parameterization Schemes of G, 17

5 | 3_C.><y. | G.b.
T 2 2 -
e 14 ¢ 1 Z
S ﬁ Measured
2 / \
< 0 o Les2ef | LI qoat0e/ | | Model (1)
i . [ M.s ., |Q.m.(2012) |z . Model (2)
£ 2 5 |
g ;- |

eet "\
0 fesee 0 4o oot —eo°

0:00 6:00 12:00 18:00 0:00

0:00 6:00 12:00 18:00 0:00

0:00 6:00 12:00 18:00 0:00

v" Model (2) is close to Model (1), the error was below 0.4kg/h
v Most of daytime, G, is nearly saturated to PAR; species difference
of PAR sensitivity is not significant to max & daily transpiration



Comparison of Parameterization Schemes of G, 18

3 3 | G.b.
T2 , |
<
T(D ..o
° .
:D L4 Measured
Ifl ° 0 M.I T T - Model (1)
: ——  Model (2
T ., |Ms 5 | Q.m.(2012) 5 | Zs. . odel (2)
E (2010 s Model (3)
i 1 . o
£ 21 2 7 2  Sapflow Sensor f
(U \
=1 1 A 1 |
°® o
/4 IQ o\, \ ;
O 0 n T T I O T | : <

0:00 6:00 12:00 18:00 0:00 0:00 6:00 12:00 18:00 0:00 0:00 6:00 12:00 18:00 0:00 -are__Tr'é'e

v’ Reasonable prediction will realized by combining mean value of
parameter b, & b,/G__.in this study and individual tree's sap flow

measurement (G_ )



Conclusion 19

We measured 11 container-grown isolated tree (soil volume: 0.5m3)
in summer, sunny irrigation day and found

v Maximum hourly transpiration rate was over 3 kg/h (2kW) of Z.s.
2010 & Q.s.

v’ Species/individual variation in daily transpiration amount was
10~30 kg, equivalent to 0.62%£0.36 (Mean=%S.D.) times of water

evaporation from the same size of crown projection area

v’ Tree’s variation in G, response to VPD were relatively constant
(20% in 1~3kPa) and close to previous theoretical relationship

v’ Sensitivities to PAR were significantly different between trees but
its effect to hourly transpiration rate was restrictive

v' Overall, the reference (maximum) value of G, for each tree is the
most important parameter when predicting whole-tree
transpiration rate in hourly basis
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g. Model 2 [mol m2 s7]
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Table.2 Measurement period & morpho-physiological characteristics of sample trees

] B AN WESEEE e ESEE LRTEE KB e s
il MR amammm (BAeE) 1] (] [on] [on] (py EEM WERETT mmATC wREsc
(2010/08/1-31)* 5.5 (FE@#K15. 4n’) 6.4 = 10
TvE L5 (012/08/131) 7 9.2 (REMB. D) 6.4 - 11 ARE RAM 2] 4 e
Doms gm RPUMSONM 33550 gy gy oan 4 s
Id/ % S J. 2012/07/29-08/09 6.6 4.4 11 9 A AFL# 2.5 2.5 66 i
VAA4AL /S €0 Xy 2012/08/01-08 1.8 5.5 14 10 EEH AL - - 24
A4Fa2 G b. 2012/08/10-22 4.5 5.4 13 10 xS RE® 1.3 4 1z
a*r3> g s. 2012/08/10-22 1.3 5.8 14 9 B EALA 3 3 191
R/ * Cec 2012/08/12-23 3.6 4.1 13 9 e 2 #ELs 3.5 2.8 6131
YIRS B J 2012/08/24-09,/05 6.9 4.5 12 9 SR AL - - -
e K s. 2012/08/24-09/05 1.5 3.0 6 5 P2 ] AFL# 3 1.8 =
2XE Q a 2012/08/24-09/05 1.5 6.7 h 8 EEH RLA 2.3 4 9841
= N k. 2012/09/05-09/26 6. 1 4.1 13 8 S AL 3 2.9 19432

* 201068 A ~ 20134 & T & & at 8

* % R HBO0BHHTE R )5 YR8 1 5%
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Table.3 Measurement equipment

FHRIIEE H R AC EXFE R
AEBRAESE O— F+JL (2 R*AF7, U3S1-500K-NS) &3& 1 or 5 [sec]
aiate ih £ & L —+ — X &+ + — (RIEGLE, VZ-400) =HiR20125
XEEE(7rvY¥os) ’ 2010, 20124
BKE(TY¥XFDH) 8{8 X =5t (Campbel |, TE525-L25) 10 [min]

— 58 il 38 /&L f& (Young, YG-43520) ‘

= & E RIS (RPLI00Q) I min]
faxtigE HEFEASSsFREEL Y — 1 [min]
KEmEXBHE H—F /N4 )L B 5TET (FEaLFEHE, MS-402) 1 [min]
Em - BE =RTEBE KA M EEE (Young, YG-81000) 1 [sec]
1 ST R Frot #8718t H * S5 (NEC Avio, ThermoGEAR) 1 [hour]
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Table.4 Descriptive statistics of sample weight (half hourly basis)

TR E BRERE | FEE| RE

[m/s] ~.5 .52, 2.~ ~56 .5~2. 2.~ ~b .b~2. 2~
D v 0.22 0.37 0.72 0.06 0.20 2.11 2.01 4.00 48.7
Id/F 0.17 0.82 0.62 0.05 0.54 1.43 2.14 497 7.40
JyA43</ 007 028 0.47 0.21 1.05 1.12 3.81 9.24 9.80
A41F37 0.67 0.78 1.78 0.25 0.44 0.51 420 534 7.24
=y b 0.656 1.28 3.45 0.14 0.36 0.22 2.60 4.93 4.84
DA/ F 0.62 0.88 1.56 0.41 0.59 0.47 408 582 6.72
IR 0.42 0.44 0.41 0.18 0.73 1.10 3.24 7.46 8.84
oTFady 0.21 0.51 0.27 0.07 0.16 0.33 2.10 3.10 5.22
7 RE 0.43 0.48 1.32 0.62 0.67 2.00 500 6.27 31.2
m oy BV 0.14 0.35 0.87 0.37 1.04 1.24 464 7.27 7.84
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autocorrelation coefficient ri = 0.60, r2 = 0.37
Fig.o Weight change of M.k., example of autocorrelation
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x(t) = rlx(t - 1) +&(t) (3)

T0_1+ZZ(1——) 1t2 (4)

ZIZT, x(b) AREORRIIT—%, 1 LIRT 7O A SHEBERE,
e(t) : RFAtDOBMAETRTH 5.
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Fig.6 (a) Half hourly effective sample size of Q.m. (circles) & wind velocity (line)

(b) hourly weight change (black line) & short wave radiation R, (gray line) in 2012 (bars: + 2 S.E.)
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Fig.10 Relationships between E.,../E,,. & morpho-physiological

characteristics of sample trees
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BIEE TavTaTT—3BEHB Gsref a m R?
A 2010 Aug 21, 22, 23 191.3 133 0.30 087

2012 Aug 20, 21 1341 40 035 062
ohy 2012 Jul 29, Aug 4, 8 523 57 061 0.64

2013 Aug 19, 20 176.7 102 0.39 0.89
II3/% 2012 Jul 29, Aug 4, 8 616 39 058 0.62
AL/ 2012 Aug 1,2, 5 98.1 133 044 0.67
AF3ao 2012 Aug 21 1161 17 054 0.83
a5 2012 Aug 13, 16, 17, 20 2058 61 032 08
HR/X 2012 Aug 13, 16, 17, 20 203.1 86 045 0.87
YIRDL 2012 Aug 26, 27, 28, 29 1245 63 056 0.67
o7aJY 2012 Aug 25, 26 937 93 062 061
HXX 2012 Aug 25, 26, 27, 28, 29 1747 70 052 082
aJy 2012 Sep 7, 8,9 1759 47 042 0.71




