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Abstract ; Quantifying the transpiration cooling effect and cooling effect of the shade of different tree species in urban areas
is important for improving the vegetation temperature regulating ecosystem services. A small green space patch located in the
Qixia District of Nanjing was selected as the study area. The Granier thermal diffusion probe technique was used to monitor
the sap flow of three tree species in extremely hot weather. The method “average sap flow of per unit leaf area X leaf area
index” was used to estimate the canopy transpiration and transpiration cooling effect. Differences in solar radiation under
and above the vegetation canopy were calculated and the cooling effect of the shade of different tree species and the whole
green space patch was captured. Finally, we determined the contribution of the transpiration cooling effect and cooling effect
of the shade to the total vegetation cooling effect. The results indicated that 1) Diurnal variation of sap flow was regular and
was observed to be high in the daytime and low at night. Sap flow typically began at approximately 06.00, peaked at noon,

and then showed an obvious midday depression. In the same tree species, sap flow increased with increasing DBH. 2) The

ESTH : EHRK A RBP4 (31670470,31170444)
Y Fs A #A:2017- 12-03; f&iT B #A:2018-04- 10
# W IRAER Corresponding author.E-mail ; fanhuakong@ 163.com

http ://www.ecologica.cn



2 S % 38 &

volume of the stand canopy transpiration and transpiration cooling effect were found to have the following order: Populus
tomentosa Carr > Cedrus deodara > Cinnamomum camphora, and Populus tomentosa Carr (11:00—19.:00) clearly peaked
later than C. deodara (10:00—15:00) and C. camphora (09:00—16:00). 3) The cooling effect of shade of the three tree
species was mostly consistent with the diurnal variation of solar radiation and difference in the average cooling effect between
tree species was small. 4) The cooling effect of three tree species and small green space patch was very weak at night and
nearly equal to the transpiration cooling effect. The contribution of the cooling effect of shade (60%—75%) to the total

cooling effect was significantly higher than that of transpiration cooling effect (25%—40% ) during the day.

Key Words: sap flow; stand transpiration; transpiration cooling effect; cooling effect of the shade
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Fig.1 Distribution map of study area, sample trees used for sap flow measurement, and micro—meteorological observation stations

T RIBE M 60 min, H1F TDP #REM SR 52845 1K B A BRI, AR L BETR] BF 0L 2 Ak Ah PR ZIsjcai'EEX
2015 4F 8 1 3—5 HIFERE FHHhs 2016 4E 8 H 13—15 H I H AG BT 5 10 LI 55 4 ke a4 47 i LR
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K, = (dpy, —dy)/ dy (1)

V,=0.0119 K" (2)

SF, =As, X V, x 3.6 (3)

W SF, = As, X V, x 3.6 = As, x 0.0119 [(dyy, — dy)/ dy] "> % 3.6 (4)
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Table 1 Parameters of the sample trees used for sap flow measurement

i I U 1L S S, B i i
Tree number  Tree species  breast height/ Sapw00d2 Le~af area Height/m C.anopy C.anopy Obse‘rvatlon
mm area/mm index height/m width/m time
1# i 11.15 75.86 3.347 6.03 4.32 3.37 2015 4 8
24 i 7.19 35.46 3.065 5.16 4.12 1.90 2015 4F 8
3# ESEN 12.77 108.54 2.496 4.76 4.05 2.85 2015 4F 8 J
4 ETiN 11.45 93.85 2.407 3.72 3.07 2.63 2015 4 8 A
S# EL/N 8.02 42.08 2.998 4.16 3.61 2.11 2016 4 8 A
6# ESEN 11.91 91.98 4.557 5.11 4.65 3.51 2016 4F: 8 H
T# ESLVN 14.00 127.32 3.548 7.33 6.84 3.54 2016 4 8 A
8 ESL/N 16.83 183.33 2.931 5.60 5.31 3.88 2016 48
o# ) 8.76 49.74 2.110 6.63 3.43 1.45 2016 4F 8 A
104 L) 19.62 249.51 2.867 11.09 8.22 3.14 2016 4£ 8 A
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Fig.2 LiDAR point cloud data of three tree species
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Table 2 Main sensor parameters of meteorological observation station

(L 4% 4 FX Smart sensor #I-Z Product model MERX 240 Parameter A Accuracy

it 2 e et HMP155A TR AR BE +0.1C \£1%
Temperature/RH sensor S-THB-M002 TR A +0.2°C (25°CHY) (+2.5%
I A A Tk o

FLUE R S-LIB-M003 K At gt £3%

Solar radiation sensor

A% 2 RM Young 1.35 ERE +1%

Wind speed sensor S-WCA-MO003 KGR i +0.5m/s  +4°

WA Rainfall sensor TE525MM Rk ft +1.0%

KAL) MA9), BRI TH(10) .

Y, As, x V, x 3.6
2 Leafarea,
SRIG AR SE T ARDGHE ST 2P AR Y 3 Aol 20 b T T AR PAY 962 2 I 1 T B 19 R o ( D21
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Q.=Tr. x A (11)
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Fig.3 The variable characteristics of stem sap flow at each observed sample tree
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Table 3 Daily average stem sap flow volume of three tree species
- H B0
. H B30 i N
. 1 2l , 1 R Daily aver:
ﬁ—ﬁq% ?FXJﬂ] l_*ffﬁ Daily average #m% Mﬁ‘ L*/Tﬁ* aily average
. Sapwood area/ . Sapwood stem sap
Tree number Tree species ) stem sap flow Tree number Tree species N
cm ! /(ke/d) area/cm flow volume/
volume g (ke/d)
1# G 75.86 23.82 o# ELA 91.98 9.09
2# i 35.46 3.44 T# H 127.32 30.23
3# ESLN 108.54 24.75 8# ESN 183.33 31.22
44 ETiN 93.85 11.71 9# Tt 49.74 1.31
5# EEN 42.08 2.74 104 L) 249.51 51.85
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Mo RO LR 0 1 2 ARG = 26 i 1 H RS SRR ) H AR A SR O ], 1 5
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Fig.4 Diurnal variable characteristics of stand canopy transpiration
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Fig.5 Diurnal variable characteristics of transpiration cooling effect
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Fig.6 Diurnal variable characteristics of cooling effect of the shade and solar radiation
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Fig.7 Total cooling effects and the contribution of transpiration cooling effect and cooling effect of the shade to total cooling effect of

different tree species
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