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ABSTRACT

This study quantified annual net carbon uptake by urban landscape trees and
provided equations to estimate it for Ginkgo biloba, Platanus occidentalis, Zelkova
serrata and Acer palmatum, based on measurement of COz exchange rate for two
years growing seasons from Sep., 1995 to Aug., 1997. The carbon uptake was
significantly influenced by photosynthetic capacity, photon flux density and pruning.

Ginkgo biloba showed the highest rate of net CO2 uptake per unit leaf area and
Acer palmatum did the lowest rate among those species. A tree shaded by adjacent
building over the growing seasons showed net CO2 uptake per unit leaf area much
lower than another tree of the same species less shaded. Annual net carbon uptake
per tree (minus carbon evolution by respiration of woody parts and pruning) was 19
kg for Zelkova serrata, but only 1 kg for Ginkgo biloba and Platanus occidentalis
with crown volume dwarfed from pruning. One Zelkova serrata tree annually offset
carbon emission from consumption of about 32 liter of gasoline or 83 kWh of
electricity.

Strategies to improve CO2 uptake by urban landscape trees include planting of
species with high photosynthetic capacity, sunlight-guaranteed road and building
layout for street trees, planting of shade-tolerant species in the north of buildings,
and relocation of utility lines to underground and minimized pruning.

£ ATE 19959 % 3BT dpulA| el o3 Ave] ARl (#AWE: 95-0402-11-04-3).
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Table 1. Species and dimensions of landscape trees and their growing
places selected in Chuncheon to measure CO2 exchange rate*

Species Place** DBH (cm) Height Crown
(m)
Width (m) Volume (m?)

Ginkgo biloba Palho-SE 20.6 7.1 4.0 14.7
-NW 22.4 8.0 4.5 28.6
Platanus occidentalis Jungang-SW 12.0 6.9 4.5 15.9
-NE 15.1 7.0 4.9 18.8
Zelkova serrata KNU 15.4 5.0 5.2 31.6
Acer palmatum KNU 16.2 4.6 5.5 34.3

Note: * Tree dimensions measured in Sep., 1996.

** Palho-SE and NW indicate respectively southeastern and northwestern side opposite to each other at a
place adjacent to Palho Intersection on SW-NE Sinheung Avenue. Jungang-SW and NE mean respectively
southwestern and northeastern side opposite to each other at a place on a SE-NW street crossing with
Jungang Avenue near to the Chuncheon Tax Office. KNU stands for a place within Kangwon National
University (the same with subsequent figure and tables).
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Figure 1. Monthly changes of maximum phton
flux density (PFD) at crowns of
landscape trees in different urban
settings *

Note: * PFD averaged for two years' growing
seasons from Sep., 1995 to Aug., 1997.
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Table 3. Concentration of atmospheric CO:2
(ppm) at different places averaged
for two years’ growing seasons
from Sep., 1995 to Aug., 1997

Place May Jun. Jul. Aug. Sep. Oct. Mean

Palho 421.2 394.3 379.9 366.1 392.2 429.4 397.2
Jungang 417.4 380.9 377.4 363.5 393.4 431.8 394.1
KNU 393.2 383.0 360.4 345.9 372.1 385.6 373.4

3. welgeing

Table 4= Z+
AAx 2 AAE CO2 z#&g
3y SEE IAYNEL Ho Fo o7]9A
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F 92 9 25E Fgste A4H. AA

Table 2. Monthly changes of temperature and humidity at different places averaged
for two years' growing seasons from Sep., 1995 to Aug., 1997*

Place May Jun. Jul. Aug. Sep. Oct. Mean
T H T H T H T H T H T H T H
Palho 21.5 49 9255 62 281 68 27.9 65 2.4 67 150 64 23.2 62
Jungang 21.3 48 9254 63 27.7 69 274 66 209 70 150 63 23.0 63
KNU 19.8 52 25,0 63 27.0 72 26.8 66 20.5 68 14.4 66 222 65

Note: * T: Temperature (€), H: Humidity (%).
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Table 4. Regression equations for each species generated to estimate seasonal CO2

exchange rate by leaves of urban landscape trees

Species Season® Equations™* R? N
Ginkgo biloba  Fall, 95 InY1=-6. 2486+0. 3288 InX+0. 6278 InY+1.0494 InZ 0.68 10
Y2=-0. 6889+0. 0258 X-0.00002 X2 0.72 18

Spring, 96 InY1=-0. 0213+0. 4876 InX-1.1104 InY+0. 6653 InZ 0.68 14

Y2=-0.9543+0. 0478 X-0.00005 X2 0.75 11

Summer, 96 Y1=45. 748-0. 0006 X-0.3373 Y-0.4463 Z 0.73 7

Y2=0. 4944+0. 0378 X-0.00002 X? 0.84 12

Fall, 96 Y1=-9. 2543+0. 0050 X+0. 1386 Y+0,1599 Z 0.81 8

Y2=-0.6348+0. 0178 X-0.00001 X2 0.80 12

Spring, 97 InY1=-0. 0213+0, 4876 1nX-1.1104 InY+0.6653 InZ 0.68 14
Y2=-1.3144+0.0184 X-0.000008 X2 0.76 12

Summer, 97 Y:1=-18.113-0.0015 X+0,3817 Y+0,2686 Z 0.71 7

Y2=0. 2637+0. 0186 X-0.00001 X? 0.74 12

Platanus Fall, 95 InY1=-9. 3495+0. 8514 InX-0.5648 InY+1,9917 InZ 0.71 12
occidentalis Y2=-0.4350+0. 0212 X-0.00001 X? 0.80 16
Spring, 96 InYi=-0, 3717+0. 8652 InX-1.5480 InY+0. 5200 InZ 0.72 12

Y2=-1.6734+0. 0208 X-0.000009 X2 0.93 12

Summer, 96 InY1=14. 147+0. 7849 InX-3.7734 InY-0.7933 InZ 0.89 8

Y2=-0.1012+0. 0322 X-0.00002 X? 0.65 24
Fall, 96 InY1=-7. 2415+0. 5474 1InX-0.5052 InY+1.9198 InZ 0.92 8.

Yz=-0.2781+0. 0206 X-0.00001 X* 0.77 12

Spring, 97 InY1=-0. 3717+0. 8652 InX-1.5480 InY+0. 5200 InZ 0.72 12

Y2=-1.6734+0. 0208 X-0.000009 X2 0.93 12

Summer, 97 InY1=-24, 813+0. 3076 InX+1.9902 InY+4, 3409 InZ 0.88 8

Y2=-0, 5526+0. 0244 X-0.00001 X* 0.72 12

Zelkova serrata Fall, 95 InY1=-5.8197+0. 5553 InX~-0. 8331 InY+1. 6643 InZ 0.72 11
Y2=-1.1170+0. 0204 X-0.00001 X2 0.72 17

Spring, 96 Y1=21. 628+0. 0031 X-0.5553 Y-0.0366 Z 0.75 8

Y2=-0. 2134+0. 0236 X-0. 00002 X2 0.72 11

Summer, 96 InY1=-21. 404+0, 5624 InX+1, 7967 InY+3.4804 InZ 0.74 8

Y2=-0. 2370+0. 0136 X-0.000004 X? 0.70 12

Fall, 96 InY:=-6. 8975+0. 4961 1nX-0.9810 InY+2.1197 InZ 0.96 8
Y2=-0.1185+0.0101 X-0.000005 X2 0.69 12

Spring, 97 InY1=-1. 7175+0. 3741 InX-0. 7519 InY+1. 0355 InZ 0.83 8

Y2=-0.9604+0. 0149 X-0. 000006 X? 0.80 12

Summer, 97 InY1=-21. 404+0. 5624 InX+1.7967 InY+3.4804 InZ 0.74 8

Y2=-0. 3691+0. 0174 X-0.000008 X? 0.78 12

Acer palmatum Fall, 95 InY1=-4. 5485+0. 5537 1nX-0. 7562 InY+1. 3636 InZ 0.81 12
' Y2=0. 3274+0. 0149 X-0.000008 X? 0.81 17

Spring, 96 InY1=4, 5078+0. 5175 InX-1.8680 InY-0.0466 InZ 0.79 14

Ya=-0.5025+0. 0089 X-0.000004 X® 0.67 23

Summer, 96 InY1=0. 5363+0. 3009 InX-0.9776 InY+0.6479 InZ 0.67 14

Y2=-0.4767+0. 0165 X-0. 00008 X2 0.73 12

Fall, 96 InY1=-6.9396+0. 5347 InX-0.4574 InY+1. 7404 InZ 0.98 8

Y2=-0.0395+0. 0100 X-0.000004 X2 0.80 12

Spring, 97 InY1=4, 5078+0. 5175 InX-1.8680 InY-0.0466 InZ 0.79 14

Y2=-1.1848+0. 0125 X-0. 000006 X? 0.84 12

Summer, 97 InY:=-5,5501+0. 3111 InX-0.7132 InY+1.8644 InZ 0.74 8

Y2=-0. 8750+0. 0149 X-0. 000007 X? 0.75 12

Note: * Springl May and June, Summer: July and August, Fall: September and October.
* Y1: Equation to estimate COz uptake (umol/m?/s), Y2: Equation to estimate both uptake and evolution

of COe (umol/m?%s), X: Photon flux density (umol/m?/s), Y: Air temperature (), Z: Humidity (%).
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Table b, Daily and monthly rates of net CO2 uptake per unit leaf area by leaves of urban landscape
trees averaged for two years from Sep,, 1995 to Aug., 1997

Species Month Hourly exchange* Net uptake (g/m?)
Uptake Evolution Daily Monthly
Ginkgo biloba- SE May 4.3 2.1 3.9 75.3
Jun. 4.2 2.1 4.1 83.5
Jul, 10.9 2.1 13.2 264.1
Aug, 11.2 2.1 12.9 275.9
Sep. 4.8 1.7 3.7 100. 4
Oct. 2.9 1.7 1.1 19.3
Ginkgo biloba- NW May 5.4 2.1 5.4 106.4
Jun. 4.9 2.1 5.0 102.4
Jul, 10.9 2.1 13.1 262.2
Aug. 12.3 2.1 14.4 307.6
Sep. 4.6 1.7 3.6 95.9
Oct. 3.0 1.7 1.2 21.0
Platanus occidentalis- SW May 5.1 1.9 5.2 " 109.6
Jun. 3.2 1.9 2.9 56.5
Jul. 6.2 1.6 7.1 136.3
Aug. 6.0 1.6 6.4 135.9
Sep. 2.9 1.0 2.3 62.8
Oct. 2.1 1.0 1.0 18.7
Platanus occidentalis- NE May 6.6 1.9 7.3 148.0
Jun. 4.1 1.9 4.2 85.2
Jul, 7.1 1.6 8.4 161.9
Aug. 6.4 1.6 6.9 146.4
Sep. 3.7 1.0 3.3 88.6
Oct. 2.8 1.0 1.8 32.9
Zelkova serrata May 6.9 1.4 8.3 168.4
Jun. 6.0 1.4 7.5 152.6
Jul. 7.0 1.3 8.5 172.2
Aug. 5.6 1.3 6.2 133.5
Sep. 3.2 1.2 2.4 65.1
Oct. 2.7 1.2 1.4 25.7
Acer palmatum May 2.7 1.5 2.3 44.0
Jun. 2.2 1.5 1.8 35.5
Jul. 3.5 1.9 3.0 60.6
Aug. 3.5 1.9 2.8 60.4
Sep. 4.1 1.2 3.5 95.6
Oct. 2.7 1.2 1.5 21.5

Note: * Unit: mg/dn¢/h, Uptake: Net photosynthesis, Evolution: Nocturnal respiration.
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Table 6, Regression equations for each species generated to calculate total leaf area of a urban

landscape tree

Species N DBH (cm) Equations® R?
Ginkgo biloba 20 6.0-30.7 InLA=-2.0430+2. 3359 InDBH 0.94
' InLA=1,2599+1. 2303 InCV 0.70

Platanus occidentalis 20 10.1-57.5 LA=32. 604+0. 0204 H*CV 0.76
LA=9, 6690+2. 2464 CV 0.71

Zelkova serrata 20 5.8-34.2 InLA=-0.5771+2.1456 InDBH 0.96
InLA=2. 3594+0. 8331 InCV 0.94

Acer palmatum 19 6.7-27.0 InLA=-0.4617+1.8613 InDBH 0.93
InLA=1.7525+0. 8717 InCV 0.73

Above all species 79 5.8-57.5 LA=22.001+1.4570 DBH+3. 1479 CV 0.84
LA=45.574+3. 2404 CV 0.84

Note: * LA: Leaf area (m?, CV: Crown volume (m®), H: Tree height (m).

- Table 7. Respiration rates of branches for each landscape tree species during summer and fall

seasons®

Season  Species Diameter Dry weight Temperature Respiration N

(cm) (2 () (mgC02/g/h)

Summer Ginkgo biloba 1.1-5.8 2.0-37.8 34.6£0.3 0.287+0.051 17
Platanus occidentalis 0.8-9.9 2.1-48.8 32.2+1.2 0.196+0. 055 21
Zelkova serrata 0.9-6.2 2.5-60.9 33.3+£0.2 0.240+0.032 18
Acer palmatum 0.9-6.6 2.4-52.3 30.8+0.3 0.174+0.029 17
Total 0.8-9.9 2.0-60.9 32.7+0.5 0.223+0.021 73

Fall Ginkgo biloba 1.2-7.1 3.0-46.1 19.6+0.6 0.200+0. 095 16
Platanus occidentalis 1.4-6.4 5.2-54.6 20.0£0.4 0.162+0.024 10
Zelkova serrata 1.0-6.7 4,0-46.3 19.9+0.3 0.132+0.034 10
Acer palmatum 1.0-7.6 3.3-45.4 22.8%0.3 0.116+0.022 10
Total 1.0-7.6 3.0-54.6 20.4%0.3 0.159+0.039 46

Note: * The figures for temperature and respiration indicate mean =+ standard error.

Azt 2 g FFG TEY SHAY 2=
52 89% Aotk s AEH IFFLS
A FE PF 0.22 £ 0.02(EFLA)
mgCO2/g/holYx, 71H&He A$e 1B
ok 30% AL 0.16 + 0.04 mgCO2/g/h°lA

. 3 A9 EEHS 4 AR BF &
FUE7 MR ggn GEGEsE AL FA
t}, 23N HIFLEE &9 A% 32.7C,
a8z 7429l 20.4coITh ZE/EA ] A7
Hole $£3d ugt ZHolrt ey Hia o

lem, A 10cmelddth. 71&<9] Aol st
| (33 5, 1994), 18t Aold =3}
A Z2AHE 311948 2uUFe /INZEFZFL
0.05-0.53 mgCO2/g/hgl Aoz Ha€rh
E AFUAFEEY /REEFE 1 849
ZHAER) WA F3 (A o SEEr
Table 82 &4 $EMNAY FNAF%HS
R8s A4 RS veld Aolth 3H
259 R22 FZd w} 0.71HA 0.9524
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Table 8 Regression equations for each species generated to calculate total branch weight of a

urban landscape tree

Species Equations* R? N DBH (cm)
Ginkgo biloba InDW=-4, 5072+2. 5136 InDBH 0.95 20 6.0-30.7
Platanus occidentalis DW=3. 9546+0. 0030 H*CV 0.71 20 10.1-57.5
Zelkova serrata InDW=-2, 2997+1. 9256 InDBH 0.93 20 5.8-34.2
Acer palmatum InDW=-2. 1744+1, 7294 InDBH 0.89 19 6.7-27.0
Above all species DW=8. 3667+0. 2810 CV 0.74 79 5.8-57.5

Note: * DW: Dry weight (kg), H: Tree height (m), CV: Crown volume (m°.

Table 9v 379 Feeidx FANA
g9 374, 1, $EEF AFYHF 5| H
TAE B ot 2PUF AAEY Fu237%
< 3T & 22cm, FIE 9m, FHEZLE 4nm,
FHAH L I9molYn, 259 FFHAYFL
11.4 = 0.8(F &3 kgeldrh Zlehdx
AAEY F287L HT 9 26cm, FiAE
10m, F#EZL 6m, FEAZHL 8lmolAUL
o, 259 FFAYFL 34.9 + 2.8kgel
t}h ZEEiu A Hae@AHe 2PUyFa
of 20 Zx, FEtehdxe FEAPIT 23
Ve e B2t IR fxd A
AN EL 1 A¥TI} Ro} F FF BF
n=81) & Wez o APLDW: kg) A
Ao A& 2, #AZCWH F2H)E 5
AR+ 3 A4 (DW=-61.45+6. 1429
CW+5.5252 H, +#Z ¥ 2.8-8.1m, ¥
Hel: 6.7-14.0m) °] R*=0.642A4 714 BAF =
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Table 9, Mean pruned biomass and dimensions of street landscape trees sampled at Chuncheon in

both 1996 and 1997*

Species DW (kg) ** DBH (cm) H(m) CW (m) CV(m® N
Ginkgo biloba 11.4 £ 0.8 22.4 9.0 4.4 39.2 41
Platanus occidentalis 34.9 £ 2.8 26.2 10.3 5.8 81.3 40

Note: * DW: Dry weight, H: Tree height, CW: Crown width, CV: Crown volume.

** Mean * standard error.
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Table 10, Annual net carbon uptake by urban landscape trees*

Species Foliar net Woody Pruning Annual net
uptake respiration uptake

Ginkgo biloba -SE 15.0 12.7 1.2 1.1

-NW 32.2 15.7 5.2 11.3

Platanus occidentalis -SW 5.6 2.9. 2.2 0.5

-NE 6.6 3.5 3.7 -0.6

Zelkova serrata 30.4 11.4 0 19.0

Acer palmatum _ 10.1 6.6 0 3.5
Note: * Unit: kg of carbon per tree.
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Table 11, Equations for each species generated to calculate annual net carbon uptake (kg) of a urban

landscape tree

Species

Equations®

Ginkgo biloba

(g% 0430+2.3359 InDBHy ) 23380 5769) - (e 50722 5136 InDBHy () 5749)

-((-61.450+6. 1429 CW+5.5252 H)x0. 5)

Platanus occidentalis

((32.604+0. 0204 H?CV)x0. 1613x0. 6640) - ((3. 9546+0. 003 HZCV) x0. 4430)

-({-61.450+6. 1429 CW+5. 5252 H)x0. 5)

Zelkova serrata
Acer palmatum
Other spp. -Pruned

(g70-577142.1456 DBHy () 1 9570, 7825) - (e 299719256 InDBHy ) 5877)
(g0 461711.8613 InDBHy () (883x 1. 0202) - (g% 1744+1. 7294 nDBHy () 4748)
((22.001+1.4570 DBH+3. 1479 CV) x0. 1698x0. 6205)

-((8.3667+0.2810 CV)x0.4527)-({-61.450+6. 1429 CW+5. 5252 H) 0. 5)

-Not pruned

((22.001+1. 4570 DBH+3. 1479 CV)x0.1698

x0.9014) - ((8. 3667+0. 2810 CV)x0.6304)

Note: * Unit of DBH: cm, CW: Crown width (m), H: Tree height (m), CV: Crown volume (m?).
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