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Annual CO, Uptake and Atmospheric Purification
by Urban Coniferous Trees!
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ABSTRACT

The purpose of this study was to quantify annual CO,, SO, and NO, uptake and annual O,
production per tree by Pinus densiflora and Pinus koraiensis planted in urban settings.
Annual CO, exchange rates were measured under natural conditions with a portable infrared
gas analyzer to compute CO, uptake and O, production, and the deposition velocity ratio of
CO,/SO; or NO, was applied to estimate SO, and NO; uptake. An equation for each species
was generated to quantify easily annual CO, uptake and atmospheric purification by DBH
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growth. Of tree specimens studied, a Pinus koraiensis tree with DBH of 20cm annually
absorbed about 35kg CO,, 11g SO,, and 19g NO,, and also produced 25kg O,. A Pinus densiflo-
ra tree with the same DBH annually absorbed about 30kg CO,, 9g SO,, and 15g NO,, and also
produced 22kg O,, based on the equation. Carbon dioxide uptake per unit leaf area by Pinus
koraiensis was lower over the growing seasons than that of Pinus densiflora. However, annual
CO; uptake and atmospheric purification per tree in the same diameter sizes were greater for
the former than for the latter due to differences in total leaf area. The results from this study
can be used to evaluate easily annual atmospheric purification value of open-grown urban
coniferous trees, and to inform environmental importance of tree planting in urban spaces.
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Table 1. Dimensions and growing places of trees for
rates and environmental parameters
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each species selected to measure CO, exchange

Soeci - DBH Height Crown
pecles ace (cm) {m) Width(m)  Volume(m3)
Building-S 18.7 4.8 5.0 24.1
Pinus densiflora Building-E 21.8 8.3 6.0 28.7
Park 22.6 6.8 6.1 48.2
Building-S 20.0 10.5 52 47.2
Pinus koraiensis Building-W 33.2 11.8 7.8 132.2
Park 16.7 7.5 5.3 39.8
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Table 2. Regression equations for each species generated to estimate seasonal CO, exchange rates by

leaves(#mol/m?¥/s)

Species Season” Equation** r? P n
Spring InY;=-6.2053+0.6135 InX+0.1981 InY+0.8697 InZ  0.84 {0.001 19

Y, =-0.4980+0.0139X-6.45E-6X2 0.78 <0.001 25

InY;=-4.1009+1.5598 InY-0.2878 InZ 0.81 0.001 11

Pinus Summer InY,=-2.8725+0.7746 InX-1.3427 InY+0.9405 InZ 0.73 €0.001 20
densiflora Y: =-0.5780+0.0102X-2.60E-6X2 0.73 <0.001 25
InY3=-12.8075+2.9646 InY+0.6732 InZ 0.84 ¢0.001 12

Fall InY;=-4.6206+0.6791 InX+0.0227 InY+0.5057 InZ 0.93 ¢0.001 19

Y, =-0.2159+0.0182X-7.37E-6X2 0.74 <0.001 25

InY;=-4.3372+0.5898 InY+0.5561 InZ 0.77 0.003 11

Spring InY;=-7.3630+0.3772 InX+1.0046 InY+0.8437 InZ 0.86 0.002 11

Y. =-0.2355+0.0131X-1.03E-5X2 0.79 <0.001 16

InYs=-3.4616+1.0240 InY +0.0465 InZ 0.90 <0.001 12

Pinus Summer InY;=12.3670+0.9819 1nX—4.951Q InY-0.1795 InZ 0.81 0.003 12
Koraiensis Y: =-0.5758+0.0153X-6.85E-6X?2 0.75 <0.001 17
InY;=2.3450+0.0961 InY-0.7233 InZ 0.85 (0.001 11

Fall InY,;=-3.3107+0.3334 InX+0.3114 InY+0.4673 InZ 0.90 <0.001 11

Y, =-0.0734+0.0093X-3.02E-6X? 0.85 <0.001 16

InY3=-0.1268+0.4810 InY-0.4863 InZ 0.88 €0.001 12

* Spring: Mar.~May, Summer: Jun.~Aug., Fall: Sep.~Nov.
**Y;: Uptake., Yz Uptake and nocturnal release, Ys: Diurnal release, X: Photon flux density
(#mol/m?/5), Y: Temperature(€), Z: Humidity(%)
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Table 3. Monthly CO, exchange rates at the crown level for each species (mg/dm?/h)

. Release
Species Month Uptake Diurnal Nocturnal

3 1.6 0.2 0.8

4 4.9 0.7 0.8

5 52 1.1 0.8

6 4.7 1.0 1.0

Pinus densiflora 7 53 1.3 1.0
8 4.4 1.4 1.0

9 4.9 1.5 0.6

10 4.0 0.9 0.6

11 2.9 0.8 0.6

3 1.7 04 0.5

4 2.7 1.0 0.5

5 3.6 1.4 0.5

6 4.0 1.3 0.8

Pinus koraiensis 7 4.2 1.1 0.8
8 4.1 1.2 0.8

9 4.0 0.9 0.4

10 3.1 0.8 04

11 2.7 0.6 04
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Figure 1. Trends of total leaf area per tree by

DBH growth for each species
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Table 4. Annual CO,, SO, and NO, uptake and annual O, production per tree by study specimens

CO.(kg) 0 N o

Species I()BI_)I Foliage Woody Net ( )2 (())2 (k 2)
M) “Total uptake Release release uptake g g g

P 18.7 62.3 18.2 15.9 28.2 8.0 135 205
;””S,ﬂ 21.8 7.7 24.7 22.3 30.7 10.4 176 223
ensitiora 99 ¢ 80.7 26.8 24.2 29.7 11.0 187 216
pi 20.0 81.9 27.4 19.6 34.9 10.8 183 254
;ﬁf:iensis 33.2 191.9 64.8 57.9 69.2 25.5 432 503
16.7 60.1 20.2 13.3 26.6 8.0 135 193

Table 5. Equations for each species generated to estimate annual CO,, SO, and NO, uptake per tree(kg)

Species

Gas

Equation*

Pinus densiflora

Pinus koraiensis

CO:
SO;
NO:
CO.
S0O;
NO,

e(-0.9896+ 1.7140 InDBH) »¢ 08982 X 0.8241_8('4A2318+244175 InDBH) % 08299

(e!0:9836+1.7140 WDBH) ¢ ] 3037 X (0.8241) X 12.3416 X (Cs0s/Ccoy)
(09896+1.7140 InDBH) % 1 3037 X 0.8241) X 6.0193 X (Cy02/Ccoz)

o(-0.6085+ 1,695 InDBH) () 7176 X (). 865733182+ 2.1351 IiDBHD) x () 8999
(!0-6065+1.6955 mDBH) ¢ ] 798X 0.8657) X 12.3416 X (Cso0z/Ceoz)
((-0-6085+1.6955 InDBH) ¢ ] (798 % 0.8657) X 6.0193 X (Cynoz/Ccoz)

* Cs0z, Cyoz, and Cco; indicate atmospheric concentrations in ppm of SO,, NO;, and CO;,, respectively.
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