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The carbon sink of urban forests and efficacy on offsetting energy carbon

emissions from city in Guangzhou

ZHOU Jian, XIAO Rongbo*, ZHUANG Changwei, DENG Yirong
Guangdong Provincial Academy of Environment Science, Guangzhou 510045, China

Abstract: Urban forest and relevant management policies have been widely considered as a tool to mitigate carbon dioxide
(CO,) emissions. However, the urban forest structure, function and role in carbon( C) offsets of Chinese urban forests are
little understood. The main objective of this study was to evaluate the C storage and sequestration by urban forests and C
emissions from energy consumption by urban energy consumption in Guangzhou, and analyse the effect of urban forests
offsetting the C emissions from energy use. This paper also discussed the relationship between urban low carbon development
and forest C sink, and explored the management practices for improving Guangzhou'’s urban forest function of offsetting C
emissions. Guangzhou is located in north side of the Pearl River, along southeastern coast of China. The forests in
Guangzhou includes five main types: FEucalyptus, Plus massoniana, Cunninghamia lanceolata, economic forest and
evergreen broad-leaved forest. C storage and sequestration were quantified using urban forest inventory data and by applying
volume-derived biomass equations and other models related to net primary productivity ( NPP). C emissions from urban
energy use were estimated by accounting for fossil fuel use and C emission factors. Total C storage by Guangzhou's urban
forests was estimated at 654.42x10" t, and average C density was 28.81 t/hm’. C storage in different districts ranged from
1.50x10" t to 354.99x10" t, as in the following order: Conghua>Zengcheng>Huadu>Baiyun >Luogang>Panyu>Tianhe >
Huangpu. C storage of evergreen broad-leaved forest and young age class forest were respectively 530.67x10* t and 271.86x
10* t, which had played a chief role in forest total C storage in terms of forest type and age class. C sequestration by urban

forests was 658,732 t/a, with an average C sequestration rate was 2.90 t+hm™-a'. The spatial distribution of C
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sequestration in Guangzhou was imbalanced; most of C was sequestrated in exurb just like Conghua and Zengcheng. The C
sequestration percentages of Eucalyptus, Plus massoniana, Cunninghamia lanceolata, economic forest and evergreen broad-
leaved forest were 6.25%, 8.13% , 3.67%, 1.48% and 82.25% respectively. C sequestration rate decreased with increasing
forest age. For Eucalyptus, C sequestration for young, middle-aged, premature, mature and post-mature forests decreased

a2 102.35 t-hm ™ a™". Results were similar for Plus massoniana which decreased from 1.99

with age from 3.06 t+hm"
t-hm™a™ to 1.34 t-hm™>a™", for Cunninghamia lanceolata from 4.06 t-hm > a™' to 2.61 t-hm™>a™', and for evergreen
broad-leaved forest from 4.17 t-hm *a™" to 3.68 t-hm *a™'. Average annual C emissions of urban energy use from 2005 to
2010 in Guangzhou were 2907.41x10" t. Therefore, the C stored by urban forests equaled 22.51% of the average annual C
emission from fossil fuel use, and C sequestration could offset 2.27% of the average annual C emission in Guangzhou. Urban
forest’s C sequestration had a small contribution on urban carbon reduction, but it is still one of the important measures of
low carbon development from its comprehensive benefits such as releasing Oxygen, air purification, VOC ( volatile organic
compounds ) management, stormwater runoff capture, building energy saving, aesthetics and recreation. Furthermore, this

paper also analyzed the impacts of forest composition and forest age structure on C storage and sequestration of urban forests

in Guangzhou, and gave suggestions on improving forest C sink to enhance C offset effect through the forest management.

Key Words: urban forest; carbon storage; carbon sequestration; energy carbon emission; carbon offset
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% mm, AEREIK HERTE 150d, AP0 198 B,487 J& ,1500—1600 F . |7 IH¥EE 10 X 2 17, B AR S 2k 7434.40 km? , Hi I,
AL X E AR R 1035 km?, H0 3 X AL X TET B 533 km®, AR A — KT (B 1)

2010 4= Mk T AR AR AR 3077.8 km® , HerpAOl A 1 AR 2946.8 km?® , ML AR AR 131 km® o 4T ARAKIG SL AR E
11720490 m® , BRI R 41.4% , MORERLHR 44.8% , L3 B0 10 ISR ARF FHATEE 3, M T MR 20 1) 8 2 285 40 LA 4 i b
S b BRI Y 33.0% , HIRARTHFR i 30.6% , I BRETAR 5 21.2% , BUBBKIHI AR &7 9.9% , it B EI AR Y 5.3% .,

AR SR T T AR S 2 ORI AR RS | A 4EBR M 2003—2010 48, P 3% T 4 25 (/N BE R 5 B i IX.
7 GEIR WS T AR B RLAE L TN T 3k TT AR AR B 43 A A B ( Eucalyptus ) . By B ¥y ( Pinus massoniana ) | 4 U MR A2 A
( Cunninghamia lanceolata) FH &% [ MK 5 F | FAREARIZE 1 R,

F1 T ETEREEREER

Table 1 Area of major forest types by district in Guangzhou

s bt it O e RIS
District Eucalyptus Plus massoniana Cunninghamia Economic forest Evergreen.broad— Total
lanceolata leaved forest
Ak 2883.03 25413.89 7042.57 65.19 89659.44 125064.13
HI 9500.57 10589.37 1296.64 2870.46 27540.56 51797.60
1E#h 4206.74 14537.09 936.62 724.16 7872.34 28276.95
K] 384.61 116.21 0.70 111.41 796.17 1409.10
Hz 1308.74 2401.54 131.75 637.42 8609.80 13089.26
i 468.11 256.34 94.90 422.62 2146.02 3387.99
i 1439.21 398.99 25.42 106.60 1350.69 3320.90
I 97.05 491.52 1.45 4.47 206.61 801.10
A7t Total 20288.07 54204.96 9530.04 4942.32 138181.64 227147.02

1.2 R

RSCRGAE it oA 2 B3 T AR R A 4w v BT B )RR e T [ e i D) 3RS A S4B A 3 ¥ A 7 3 (NPP) e [ Fr e
T, BRARIS TR R T FRAR NP [ BRI ST REVSE 2% v i B HE A e B8 8 0[] e 3R 0 43 ) S 3Rk T AR AR BT T AR ()
) Bl i 55 e T

T AR it i 22 AU DR TR ke 3 e ol X SR b U A A, SR M R AR ) 1t O 2 AR W k- AR RS o A T80 S ok T T
AR R IR LA R A 0.5 A5 0 12 SR ARMRR i B i TR I, S AR A A g s PR BRI A A R R A T A
(3R 2) . NPP F/nil skl i >t -G 1F T B2 B9 DR BRAE B A< S RF I RSB T B8 43, FLRE A5 UL AR 8 A RSP Y CO, #t
[ 4 2B IR AS SO T AR AR [ 5 1SR 1 NPP SR LA ER KK 0.5 K4S, REWi A Wit R H NPP Z M fF7EE — SRR E R,
AR ST R BREOC R RAGE NPP (E(3R 1) , BARRRAE MR E E & A AT .

€= 2 2 (C x4 (D)
S, C AR AR A it () SRR E B (V) €, 058 j AS/INIE i AN PRI AR B (1/h® ) SR T it (e hm ™) 34, R 5 )
A NFERGSS £ AR M TR, hn® s m R /NBEAEG n R M S,

R2 WHHRMEYEM NPP HHTE

Table 2 Equations used to calculate urban forest biomass and NPP

A AR NPP {5 27 3k

Forest type Biomass estimate NPP estimate References

e B=0.7893V+6.9306; NPP=0.208B+1.836; [24]

neatypis R*=1.00; P<0.01 R*=0.94; P<0.01

B=0.5101V+1.0451; NPP =B/(0.2384+0.0304B) ;

LA Plus massoniana ) ’ ) ( ) [25-26]
R?=0.92; P<0.01 R?*=0.83; P<0.001

255 Mk Economic forest B=23.7; R*=N/A NPP=9.2; R>=N/A [24]

, ) B=0.3999V+22.5410; NPP=B/(0.6364-0.015B) ;

¥ K Cunninghamia lanceolata ) ) [24, 26]
R*=0.92; P<0.01 R*=0.84; P<0.001

W 4 [ K Evergreen broad- B=0.6255V+91.0013; NPP =81.54B703%3 , [24.27]

leaved forest R*=0.87; P<0.01 R?=0.36; P<0.01 ’

A M (a) ;B ABAED R (Vhm?) 5V, ZAKEFE (m®/hm?) ;NPP(t-hm™>a™")
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TN T RE IR TE FERRHE AL 3 2T IPCC(Intergovernmental Panel on Climate Change) V& 548 5 i, BRI i RE R T4 #E 1 5 HE
HCR TR BUG S AsHE Al i . AHE AR T BAZ AR o 2005—2010 45, HoHr BEIRTH $E 20k B FAAE M MlT sl AR 4 p
TR AR A AT .

E, = Y F xEF, (2)
A E T AE IR TE SRR HE AR 1C F o i JERETRIE R B, 10" tee (ton of standard coal equivalent) ; EF, A i ZETRE R RA
BOBRHEC -, TN T AL TR AL A BRI T B RSN B ) R A R R AT A5, BARHEE AN SR 3 s, 45
REURIHAER WK 4,
F3 BHEuEmHERETF
Table 3 Carbon emission factor by type of fuel

LA RETR e HE P+ A AR R R

Fossil fuel C emission factor(/tC/TJ) contribution rate/% Effective C emission factor/ (1C/10%tce)
JEHHE Coal 25.8 100 7561.36

FE ¢ Coke 29.2 100 8557.83

1K Gas 18.9 100 5539.15

4531 Diesel 20.2 100 5920.15

SRR Fuel oil 21.1 100 6183.90

WAL IR LPG 17.2 100 5040.90

SN T Tmport heat 10112.8°

HNETHL 7 Import electricity 0.2392 tC/MWh?

a; AT ABIRBRHEB N 7225 1280 b 1A DR AR IR HE B R 75 b e P 0 R B A WK 5 45 Rl B VL W b v AR 0 R M 55 1 R A
WEC LA BEFETT SN ( GB/T2589—2008) ) 5 ¢ : AN #1241 T 2010 AFEAR st BEIABRHE AL R F 5 d . HB 13 R B0 % 2009 Hp [ A I 564 2%
HEJC A e 7 X 8L 0 66 7 T BUAELRHE ffg A 712

F4 N 2005—2010 EFBEEFHEBER
Table 4 Major energy consumption in Guangzhou from 2005 to 2010

A=

A e /4 R S SRR . LS W] L =W
. . LPG( Liquefied .
Year Coal Coke Gas Diesel Fuel oil Import heat Import electricity
Petroleum Gas)

2005 1750.06 59.5 278.71 396.61 550.75 174.17 754.71
2006 1871.52 63.77 298.24 425.42 450.92 212.42 1224.73
2007 1906.61 71.85 335.09 504.16 414.72 269.90 1506.00
2008 1928.12 68.95 440.41 540.10 404.38 286.79 2344.17
2009 1904.69 73.45 502.10 604.51 422.53 359.01 5.55 2632.39
2010 2023.12 68.12 605.02 700.31 432.58 392.44 10.99 2925.45

SN IS 10*MWh, HARREIR AR 10 teesa: MR AR T 1E A Toll A= R A8 R JURELL R 3556 i

2 ER55H
2.1 T AR ARAR A B

TR T AR i e A T4 654.42%10° ¢, I LB MORL (38 5) FIMIE (£ 6) BRI AR fh . Hodr DAk | 386 3ak 46 4B 65k it
AT B R 354.99%10% ,149.54x 10* t F1 69.73x10* t, di4f T ) I 1l7 ZRAMBK At 12 80% LA L, 25 MRAL R $hlicfith ot K B/ IMR A
SERRITAR DDA KR A2 AR TR, b i G R bR i A B T 530.67x10% t, LB 7E 78% LA I, I B F AR, kil
T, B AR B AR T 3ObR GRS 3B A3 ) o 43 T AR AR A 1 1Y 33.46% .26.16% ,19.40% (13.66% 1 7.33%, M3 3 7]
AL TN TT IR TT BT 4Rk S oy 28.81 v/hm? , ZE I3 LR BE AR 11.85 v/hm® B 4% [ AR 45.51 v/hm® . AS[FATECX I,
T B 22 A, A ) 9 B AN B X A9 18.67 v/ BRI IX. 38.57 v/hm? o AR b )7 7 Ak T30 I 000 %% 540 3k i 205 b e 35 o
FERFRERE, WAL T3 X ANV RB R [X 5 2 X A 55 B 4354 38.57 +/hm® Fil 37.29 v/hm®, i &b F 2258 A9 AL (28.38 /hm’)
FIEIK (28.87 vhm® ) SE NI EALT 30 v/hm®

AN ZRARS 20 T 5 i 2 A O, S i 2 32 53t L AIK T 8 MR BB (36 6) o Rl | Th B A (RS AR 5 i bk &)y
& RBR 2 B 43 A 16.25,10.9419.08 t/hm® F1 44.69 t/hm® , [A] bb RIS 20 | 4 Fh SR BEAR YRR 25 43591 by 24.98 .21.35.30. 78 t/
hm® il 48.13 v/hm* . H ALK A S AR Bk P g L 17 M T 79% S ticfit 12 , 1M 1] HSOMORI i B AS I Bk fig
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B 21%,

R5 ITHTETHREIEREKRBEESHEE

Table 5 Urban forest carbon storage and density for major forest type and by district in Guangzhou

T BREE C denstiy/ (1/hm?)
FFELX Carbon ! N 2 . D
gf;d storage Hew i UJPLZ%L'L? Cunnti;:amia é/.ﬁ‘{}jﬁ?k ] Evijeiﬂn I:)td- LN
/(10*1) Bucalyptus massoniana lanceolata Ficonomic forest leaved forest Mean
MAE Conghua 354.99 15.44 16.80 23.36 11.85 54.17 28.38
i3 Zengcheng 149.54 15.95 15.20 18.99 38.18 28.87
AE#B Huadu 69.73 17.25 12.03 26.37 48.67 24.66
K] Tianhe 5.44 19.68 9.75 18.49 45.80 38.57
HZ Baiyun 48.81 17.47 17.24 23.01 47.37 37.29
% Luogang 12.94 22.34 13.28 19.66 46.42 38.21
ZH Panyu 11.46 22.88 16.76 21.91 42.36 34.52
#EHili Huangpu 1.50 20.63 7.53 21.13 41.14 18.67
B/ H4ME Total/ mean 654.42 18.96 13.57 21.62 45.51 28.81
S.E. N/A 2.66 3.36 2.46 N/A 4.64 N/A
S.E.: FIARUERRZE sN/A . TCAH B s a: AL (AR 25 IX S Bl it 12t/ G T AR A
x6 ITNHARERALBRBEENMHREE
Table 6 Carbon storage and density of major urban forest type by forest stand age in Guangzhou
7, Al JLIY
el Het E’%&, Cumj;:;amia é’é{?f?i‘?fi Ev:giﬁuiizd— HE
Age class Eucalyptus Plus massoniana lanceolata Economic forest leaved forest Percent/ %
/(Vhm®  /(10%)  /(vVhm® /(10%)  /(vhm® /(10%)  /(vhm® /(10%)  /(vhm®  /(10%)
41 Young 16.25 12.43 10.94 15.73 19.08 5.38 11.85 1.60 44.69 182.72 33.29
1 Middle age 18.2 16.04 15.34 29.22 23.68 7.03 1.60 47.06 116.81 26.08
i Premature 23.45 5.84 18.83 13.46 26.84 1.88 1.60 47.29 104.22 19.41
i, Mature 24.98 2.17 21.35 3.48 30.78 1.32 1.59 48.13 81.33 13.74
1 Post-mature 22.98 0.54 23.44 1.25 N/A N/A 1.59 46.26 45.58 7.48
Y{H/ KA Mean/Total ~— 21.17 37.02 17.98 63.14 25.10 15.61 7.98 46.69 530.67 100
S.E. 3.74 N/A 4.96 N/A 4.95 N/A N/A N/A 1.30 N/A N/A

ZeVEARIBAR I 7.98x10° t, i TRCA WAL, A7 BN P49 S0 RO R4 A sN/A - TEARC it

2.2 T AR [ A

i 7 ATAL, TN T ST BRI [ 1R 658732 va, T MR Hy 2.90 t-hm ™2™ AR50 R FE 2 BB FRRE  Hol
itk 80% ik [ g T IR TT I RB X3, SRR A AR T 5k [T 2 B A i, 3R B T 334351 va (i[85 B8 50.76% ) , 1 5 /N W57 T 2 38
{24 1391 vVa( B RE i 0.21%) o ANIRIARE T A 51 5 0 22 S5 W A0, % S e P i [ 2 1A 719318 va, H U TR R ik R B Y
82.25% , 1M Th B s KR A2 A RN L5 bREE ) o Sk [ 2 ELE 43 310 8.13% .6.25% \3.67% 1 1.48% , [#1 k2 [R] B 2 [R] Ak AL A iy
MR (8] 2) o Hirp Ay [ R 2 A i o 4 R AR, 2 3.91 t-hm > a™ |, T S BAARARAL A 1.65 t-hm™a™' . Hirp [k 248
R AR | bR S PR | SRR AT A SR ) R 28 T NI 14 2 B0 2 i B4, AN e A 5 AR A A fE A 3.06 £+ hm ™ a™" FAIK F
2.35 t-hm™a™" , MM 1.99 t-hm™a ' FEAEE] 1.34 t-hm™>a™" ,F2 KM 4.06 t-hm™a™' [EKH] 2.61 t-hm ™ a™", & &5 AR
4.17 t-hm ™ a™ FEAKF] 3.68 t-hm™>a™'
2.3 I AR RE VR B HE RIR

TN T RETRBR AR 2010 454 3513.98x 10* 1D, [F] 1L 2005 4EAY 2372.29% 10* t ZEH4138 K 8% , A 34 B HE il 2 4 2907.41x 10 t
(P 3)  [RISA) P T 3817 R [ 22 Bt R 658732 v/a( 3R 7) 5 AS SCERIR T R X, AR ALK T 3k 1l e R AR AR /Y 2.27% ., TR
B, 5 E 3T ZRARBR A B % T A B A R AN A B S R S, Bk, N T IR T SRR A R R 654.42%10% v, 2900

@ A CHER A co, TR
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2005—2010 AE[RI M T RE TR AR HERCS B E 2907.41x10° ¢ /4 22.51% ,

Fx7 IF'NARTEXEERENBREEEE
Table 7 Urban forest carbon sequestration for major forest types by district in Guangzhou
Tk [E % 1 C sequestration/ (t/a)

ATBIX. R 2 A } T ‘ »
- ekt e PA g FERIE el
District Plus Cunninghamia . Evergreen broad-
Eucalyptus . Economic forest . Total Percent/ %
massoniana lanceolata leaved forest
MAE Conghua 3882 30575 12216 110 287567 334351 50.76
HAYK Zengcheng 23832 19736 2753 7616 123375 177311 26.92
AE#B Huadu 11148 15411 1055 1761 35029 64404 9.78
K] Tianhe 2038 140 N/A 320 3433 5930 0.90
H 2 Baiyun 4943 4195 265 1676 37671 48751 7.40
B4 Luogang 2084 342 117 1178 10199 13920 2.11
) Panyu 6363 439 50 280 5543 12675 1.92
T3 Huangpu 399 274 1 12 705 1391 0.21
S Total 54689 71112 16457 12952 503523 658732 100
LLH Percent/ % 8.30 10.80 2.50 1.97 76.44% 100
N/A: JoAH R EE
3500 — 7
6
3000 |~ 22
~ 5 _ 2 ?
's © 2500 — EZ
£ 4 E 7 Z
j% << 2000 H
< =
B £ 1500 H
i ]
H 2 £ 1000 H
®
1 500 H
0
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) SR LS AR A

B3 2005—2010 &M aEIRERAE L E
Fig.3 Energy carbon emission of Guangzhou from 2005 to 2010

2 M AR E E B S RS B iR E
Fig.2 Carbon sequestration rate for forest types by age class
in Guangzhou

ZEUEMRBLA X3 [ £ [ e 4

3 #ig5itie
3.0 ST AR AR i ek e [ A L AR AT

M T BRARST-34T5  BE  28.81 v/hm?  IKTF H AR A 1F T 42 (41.32 v/hm®) 7 Rt AR AR (86 t/hm? ) ) (i F- 1 7K F-
AT TN TR B AR AL AR I Sk ] I ART- 35 B 2% 43 501 18.96,13.57 \21.62 t/hm® 1 45.51 v/hm®, 43 BIl/NF A 8K 5
[ bR R B 2 B 20.76,56.25,40.55 t/hm® F1 82,12 v/hm® ) BRARERS b, HA AR I T AR ARER B I AN A AR AT Y
50% , 33 ti1. il McPherson MRFFTHIELM

TR TT AR 1 B 2 1T R e AR S5 A AL SIS . 1 M 224 30k 7l AR b TR 84.89% Sy Al L bk, o 33%
SRS AR T BRI BN 2 16% PG P30 T AR B 8 52 T 35 K0 1, I ELAE A SRR kTl B Uikl ot
PP R KRR, BB LA [ R A E T, EL TR L 4l i AR R 2 N R4 22 1 R B AR A K A T 20217 it
SN, TS SRS 12 /K FUI A A AE LA S NS A F747 A5 B4 S B0 W) A 28 1 i/t £ o Bl ks SR ), T 9 26 A
IR T DX 3] b 1 4R b AR A 2 A 5 A
3.2 BRTTCHR K R S AR

W2 Sl T 9 RS AR A ) B 25 708, R JRE AR 20 5 AR ATR  K T1 ©8 420 J Ay 3 Tl T Rp 2 2 17 o B 3 T 9k T A1 ke %
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JEELNREUR b S BT T 90 A B S5 22 fR R ER  SRB ol  R AR PR [ 1T RS HE RS AR 2 1
5%LAE AN Bk E] T 4.76% , T EHERATAE] 0.01% (3% 8) o A A FIZRARBIHFE A B ik AEOs 45 B 22 5
FFEAREHEA TG0 LU, PR XS UL B AT 228 1 3, (B T, REANHR i RETRE AR 7 Ml TSR 5 T 8] S5 A 2 ko =45 R s+
A9 2B, A BOR TTHR A A AR AT S R W, 2015 AT 1T AE PR AR R IR A T e HE BTEKR A 2 T 809%
119617 RS Tl 30T AR ARBRTI0) Fhy T3 T AR 2 — R 0 PR R 3R L RS A SRR AR SR 2 RO 2
PR A AR D B BRAICR 25 FESEBREE/ N ) e eI, JFCA 5 D BRARBRA KA , W (8145 )11 ( Chuncheon ) #F5E 2] 1
RN 549, BEAh T ARARER T R BRAE AL, IR A HE B4 55 K5k L VOC (volatile organic compounds ) 45 % 1t A
T FKEUER RBUNRE LA M E AR R S SR A s 1 L T R Y R s v R T AT 2 S 9 R AR A LA
T A Z N NE Rl A S v AR % RERE , 00 5% 1 5% 5 01 FE T 3 TIT A M R0 BB B HE dak 24 e T i i 1 318 %511, DA
S RV ST AR AL L [T 5 T X T RS T A B SR BRI (R A SR A, L AR A SR S5 (L SR A g i IR
AL L7 i A5 D AT ek APt o 9 B L BOR L — .

RS AR HRREE SR RBHE R

Table 8 Carbon sequestration and energy C emission in several cities

il ﬁﬁ?ﬁﬁ}}éﬁfiﬁi. Tk & . AT L H B AIR Data source

City Energy C4emlssmn C Sequistratlon Percent of C BeHE e S
/(10%va) /(10%v/a) offset/% C emission C sequestration

J** M Guangzhou 2907.41(2005—2010) *  65.87(2005—2010) 2.27 AR ICHFFT This study

Jt A Beijing 4456.64(2007) 63.05(2005) 1.41 [18] [37]

b9 Shanghai 5042.45(2007) 0.63(2007) 0.01 [38] [17]

M Hangzhou 2791.36(2010) 132.81(2010) 4.76 [39] [40]

#1%) New York 1422.82(2008) 3.84(2002) 0.27 [41] [7]

ZJINEF Chicago 987.27(2005) 4.01(2002) 0.41 [16] (7]

§[F#)1] Chuncheon,Korea  24.6(1994—1996) 0.43(1994—1996) 1.75 [12]

s () HOBIRFEAR0Y , Bk I8 52 240 SR ST AR AR A2 o o

3.3 BRI R AR BR R

PR 2 5 ) 0TI AP i R (78 2 19— 00 B PR 3K PRl 3 444 R A ek SRR 2 B
23. 44 tv/hm® , GHEMHR 10.94 vhm? {URATH 19 46.67% (£ 6) o K512 FE 0] 22 IR B 3, bR b = ik R AL, & 2
P BRI ZAL R 1.34 t-hm > a™" TN AR BR 2 H9 1.99 t-hm > a™" GRS FEARA: K 0% E ARG BRI X T 3 A bR
DR A I 14 AR MOR DR B v, R 17 [0 5 38 3R 2 B AR A 100 st sl D T s o 5 R AR A sl 38 1T AR/ NG SE AR A T
W AR A ek 396 S AR [ 5 D B BRI R A A B DR S it 2 AR BROM i 3 LG [ 2 i 232 0k /0>, T L 7 sk S0 X 3 o A
ST SRR S5 R 0k P TR B BE 7 A R AR S B KB B 2R AR X Al o n 2L 7 P 5 bR 7 8 TT 0 b T AR S 6% , (L I 25 i 1) 9
7, 30 BRI 23 il S LA 3 AR, BRI SRR IR 1T AR ST 7 Sl Tl by e [ B

AT 2 52 MR S T AP 2 P RN R 3 G I 25 RRARS R S5 T Ol 13.57 v/hm® 1 # G A I ARGA B T 45.5 v/hm® | J5 & WG &
14 3.35 fif ; [ B 236 T U 25 5 A b, v i 6 B PR B 3 B2 2 T T AR (3R 5, 328 6 T 2) o T M A U s A< fie, 7 RS
SRR R T IR AR AR DR SR AR S G ARG BTN IR AR bR i LA R S, [l 2
o0 AR T AR o 2 R R 22 2 (A B TR IR ) T A 2488 T B0 f e 7 o A B . LA, T I A A
G A A e 428 107 0 A T 1) A K T A R AR UE R RR BB 0 BRI A [ ot B s f e I B 10 7= A, TR Ry Sl R AR 1 35 4
RHL S B A B SRS Bl (U IRE 8 B RS AN A 45 ) ANz i S 2L Co, MHERL M L B LL, RETE Y L9573 R K
i MFRA R L Kok S 4 AR AR AT RE R 23 R T AR ARBR A TH 25 R KAk
34 WHRANELEE

ARSCRGHEARZE AL BORASG 7 J2 SRR 3 3kl BRI An A8 35 B Ak G |t AT =2 3 12 i 45 % 40 A8 BT 3 7 A
(A BRHE B A P T AT, BRILZ AN AR SCHL A 2 PR30 T R AR T 1 28 18 AR o8 A6 JXUE 252 1 PRI 7= A ) 4 RERR DS HEVE FH . Bt
T — 25 TF 8 LA BRI SC AR (KA, 1 3 45 Bl R K 25 45 B A e, DT B O £ A Aol B T A R Y1 85 0 AN B G T
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