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Background 2 

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

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

 There is few data dealt with urban tree, esp. single-tree 
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 Some studies (e.g. Moriwaki et al.: J. Jpn. Soc. Civil Eng. 2002, Narita et al.: Trans. AIJ 2006) 

indicated garden/roadside trees can use much water than forest 
(1.5~2 times) 

 Others indicated chronic drought due to water supply limitation 

Do Urban Trees Use Much Water Than Forest? 

Hot & Dry Air (High VPD) 
 = High Evap. Demand 

Advection 
Effect 

Direct 
Radiation 

Soil Volume Restriction 

Transpiration 



4 Purpose & Process of Study 

Advection 
Effect 

Direct 
Radiation 

Study Site: Aichi Prefecture, Japan  

This Study: Container-grown 
Isolated Trees 

Soil Volume Restriction 

Transpiration 

Hot & Dry Air (High VPD) 

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. AIJ 2015 

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

simplicity and species variation 
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Load Cells 

Advantages of Gravimetric 
Method: 

 Hourly Temporal Resolution 
 Comparison among Species 

(Xylem Type Difference) 
cf. Saugier et al.: Tree Physiol. 1997, 
Steppe et al.: Agric. For. Met. 2010 

Sapflow Sensor 
(Climatech Website) This Study: 

Gravimetric 
Method 

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. AIJ 2015 

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

simplicity and species variation 

Purpose & Process of Study 

Low-cost & 
Measurable 
Large Tree 



Sample Trees: 11 Popular Urban Tree Species in Japan 6 

C. × yedoensis 

Q. myrsinifoia 
S. japonica 

Q. serrata 

G. biloba 

Q. acutissima 

M. stellata 

B. japonica 
C. camphora 

M. kobus 

Z. serrata 
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C. × yedoensis

Q. myrsinifolia

S. japonica

Q. serrata

C. camphora

G. biloba

Q. acutissima B. japonica M. stellata

M. kobus

Z. serrata

Meteorological
Measurements

Data Logger

Condition Change of Z. serrata & Q. myrsinifolia 7 

C. × yedoensis 

Q. myrsinifoia S. japonica 

Q. serrata 

G. biloba 

Q. acutissima 

M. stellata 

B. japonica 
C. camphora 

M. kobus 

Z. serrata 

Remove from shady area in 2012 
before measurement 

Pruning in early 2010 
Leaf area doubled ~Aug. 2012 

※ Other 9 sp. had been almost same condition 2010~2012 
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(cf. Asawa et al. 2012・2014) 

 Continuous measurement 
(2010 ~ 2012) of Z. serrata 

  
 Stable platform type was 

adopted for long term 
measurement 

Load Cell 

Temp. Sensor 

Loosed cables 
Not to receive tension 

Heat Insulator 

Forced Ventilation 

Windbreaking 
& Rainproof 

ADR Soil Water 
Content Sensor 

Rainproof 

Contactless Poll 
(Overturning Prevention) 

Stainless Planter 
W 1000 
L   1000 
H  600 mm 

Height: 6.4m 

3-D 
Ultrasonic 
Anemometer 

Gravimeter 

Weighing Method for Long 
Term Analysis: Platform Type 
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Load Cells 

Hanging container using 3 beam type load cells 
(detachable & portable, 2.6kg), manually operation 

Top board covered soil surface completely 

Q. m. 2012.7.29 

※ Wind Velocity: 1.2m/s 
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Weighing Method for Short Term Analysis: Hanging Type 

150cm Supporting 
Point 

90cm

100cm

Base for Container

W oody 
Top  Board

Loam Soil
50  cm th ickS-shape

Beam Load  Cell

Lever Block

Dehyd ration layer
10  cm th ick

Freq. 
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10 Sample Weight (hanging type, 10 min. moving avg.) 
Sample Weight [kg] Soil Water Content [% vol.] 

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

Q. myrsinifolia 

S. japonica 

C. × yedoensis 
G. biloba 

Q. serrata 

C. camphora 

B. japonica 

Q. acutissima 

M. stellata 

M. kobus 



11 Diurnal Transpiration & Vapor Conductance 
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M.kobus

Q. acutissima

M. stellata

B. japonica

C. camphora

Q. serrata

G. biloba

C. × yedoensis

S. japonica

Q. myrsinifolia (2013)

Q. myrsinifolia (2012)

Z. serrata (2012)

Z.serrata (2010)

0 1 2 3 4 5

Ecr / Epot (Crown projection area base) Etree / Epot(1m
2
base)

Mean Mean 

12 Comparison of Daily Transpiration Capacity 

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



13 Comparison of Daily Transpiration Capacity 

Single Tree (This Study)
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※assuming Z. s. & Q. m. after yearly 
change were different sample 

Single Tree (This Study, 
Crown Area Based) 

Temperate Broad-leaved 
Forest (Komatsu 2005) 

Mean Ecr/Epot was not different from forest (cf. Komatsu: Hydrol. Processes 2005) 

Large dispersion (variety of transpiration characteristics) 
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 Horizontal PAR sensitivity differed 5-fold among trees 
Both tree morphology and leaf level physiology affect 

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

Species Variation of Sensitivity to Light & Humidity 
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y = 0.4199x
R² = 0.4018
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Transpiration Capacity 
= we can estimate from daily value 

Sapflow Sensor 
(Climatech Website) 

Low-cost & 
Measurable 
Large Tree 

/ 
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Reasonable prediction will realized by combining mean value of 
parameter b2 & b1/Gvref in this study and individual tree's sap flow 
measurement (Gvref) 

Sapflow Sensor 
(Climatech Website) 

Low-cost & 
Measurable 
Large Tree 
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21 投影面積基準の潜熱フラックスと日射量の日変化 

潜熱（投影面積基準） 

水平面日射量 

2010 2012 

ケヤキ葉面積 15.2 → 28.9 m2 

通水(土壌容積)制限の影響？ 
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Model 1～3 (APAR使用時)の gs予測値の比較 
 

実線はModel 1との1:1対応を，左図点線は ± 0.03 [mol m-2 s-1] を，
右図点線は±0.09 [mol m-2 s-1]の範囲を表す． 
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測定年 フィッティングデータ測定日 Gsref a m R2

ケヤキ 2010 Aug 21, 22, 23 191.3 133 0.30 0.87
2012 Aug 20, 21 134.1 40 0.35 0.62

シラカシ 2012 Jul 29, Aug 4, 8 52.3 57 0.61 0.64
2013 Aug 19, 20 176.7 102 0.39 0.89

エゴノキ 2012 Jul 29, Aug 4, 8 61.6 39 0.58 0.62
ソメイヨシノ 2012 Aug 1, 2, 5 98.1 133 0.44 0.67
イチョウ 2012 Aug 21 116.1 17 0.54 0.83
コナラ 2012 Aug 13, 16, 17, 20 205.8 61 0.32 0.8
クスノキ 2012 Aug 13, 16, 17, 20 203.1 86 0.45 0.87
ヤマボウシ 2012 Aug 26, 27, 28, 29 124.5 63 0.56 0.67
シデコブシ 2012 Aug 25, 26 93.7 93 0.62 0.61
クヌギ 2012 Aug 25, 26, 27, 28, 29 174.7 70 0.52 0.82
コブシ 2012 Sep 7, 8, 9 175.9 47 0.42 0.71


