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Research progress on carbon storage of coarse woody debris in forest ecosystems
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Abstract; Coarse woody debris (CWD) is an important structural and functional unit of forest ecosystems. As a key link
between vegetation carbon pool and soil carbon pool, it plays an important and unique role in the global forest ecosystem
carbon cycle. More and more researchers begin to pay attention to the research related to CWD carbon storage. In this
paper, the development history, research scope and basic characteristics of CWD carbon storage research at home and
abroad are systematically described, and the research progress of CWD volume measurement, CWD carbon concentration
estimation and other related methods of carbon measurement are summarized. It is found that the research on CWD carbon
storage by domestic and foreign researchers is still in its infancy stage, mainly focusing on the discussion of the distribution
characteristics of forest CWD carbon storage in different tree species, different forest ages, different degradation levels,
different altitudes, and different existing forms. Less attention is paid to the mechanism of CWD carbon pool on soil carbon

pool and vegetation carbon pool, as well as the response and feedback mechanism to future climate change. The CWD
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carbon measurement method is relatively simple, and the traditional biomass-carbon concentration method is commonly
used, while there are few studies using machine learning algorithms to estimate CWD carbon storage. In addition, compared
with foreign research, domestic research is mainly limited to a small scale. Accordingly, the future development direction of
CWD carbon storage research is proposed as follows: (1) Expanding the research scale and establishing a long-term
observation system of CWD carbon storage; (2) Further research on the response mechanism of CWD carbon storage in
different forest ecosystems to climate change; (3) Exploring more diversified CWD carbon storage measurement methods;
and (4) Further discussion of the influence and mechanism of CWD carbon storage on soil carbon storage and vegetation

carbon storage.

Key Words: coarse dead woody debris; carbon storage; carbon measurement method; research progress; climate change
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Fig.1 Trend of the number of literatures related to CWD carbon storage at home and abroad

2 CWD B&RE

CWD 50H-JH7E ) FWD L [F R B T AR S 8, (07 25 4 FL 4y AP e 5 25 52 ) sk fh 22 57
FEA B 2E ST O 15 225 5 W LS TS 0G| FLZE R M pe B o O e X 2 BE R T SR, F
T CWD FRYR/INANIA] 23 50 R RN 23 fiff 3 5 i — 20 25520 CWD Biefifi it . 3%, CWD AR 9K, T
MARRLER A, 23 i 080/, CWD iy B B (R84 {75 SRR CWD i st . BRIk, CWD ELARFRIERT A
Br—x KK X CWD R 5 fi i B Al T, — SO0 T, ELAR AR B /0N, I CWD A BRI sk i 2t il
K2 HET, X CWD B E 1 AR I B 2 bR E (TR SR AN T CWD Y NS AR bR i
KRR HATE NS EE KE R LTER (Long Term Ecological Research) FiifiE, Bl ; B 42 = 10em HJFEA
[ ER AR BURAR (CWD) , HAR<lem WA TTEY) , T & Z I B9 W A 40 AR BT (FWD) , #4E CWD
ARSFI YA E] , SCADEE AR 3 A ST AR BIAR BHE R A B0, GO0 T B EE S Im (A}
JE (A B EE B 5 1] ) > 45° By ML 5t 55 AR Bk Ry 48] K ( Logs ) 5 1 i 4%} BE < 45° B9 W FR 4y 4k 57K ( Snags ) 5 AR AE
(Stumps ) TEASFEAR SRR —FE, FOBRK B — < 1m, PR AER] T RRE A= 258 45 3 19 Ee A o0, 1 38
GYEEF N TR oK A4 A CWD R FP ISR Jr Aotk 0 8 A RRAIE DA S A= A D) e 55 R Z X LTER
FrRUEREAT RO > B R AR AR E 2 BT LAE 5 [ N A0 A B Fsos SR A 2

3 CWD RfEERXMEEZEMR

FE SR CWD ffiti i (AR 5T 46 T 20 tHhad 80 AFAUK, FEAE T T RE g K Wl rh b iy 5 #af
RRARE 2 DUR P R BTG 25 H AR B AR AR AR CWD fif R IR ST AR D A ER
BMAEBRGERE AT T, CWD i it o5 3 S R I 1 5% 2247, Ty ARAR RN By R pkrp
CWD R B it 20 ) 24 o5 A A 25 R GERRIZE Y 18% 1 10957 Hivh JRAR P& AR5 IR LU B AR AR CWD Bk
FE RG> 90 11.0—38.0 Mg/hm*™" #l 17.5—27.5 Mg/hm*"' 111 [ P 273 % CWD [ 85 R4 57 59 F 58 A

http ; //www.ecologica.cn



7916 JAE = 41 4

21 A2 A B EIT . HAT, WF5E X 32 B AR h T/ N 2208 K I 25 2242 IR X P BUR AN B IX
ARACZRER LD 2R Al L T R T W A SN K Ll AR =B R DX AR A AR LA ST A S F
TIPS S AR A 8 R G2 = B HE /N DL IR M = R K2R ( Picea schrenkiana & Abies nephrolepis) < F 111
[ 2T AR ( Pinus koraiensis) (RIS = A2 8K ( Picea schrenkiana) W 3HF H 4% & AR 28 KR 2% FE Pk L A
P AR S B BRI BACHT B TR S bR | PO SRR A AT 2 AR DL B A% [ A% ( Castanopsis kawakamii) 512K
( Cunninghamia lanceolata) N T FRM 341

EANIIRY], CWD 3R R 43 AR R CO, 3l 3855 5 H F B Fh 2 1 AR 0 ik S5 A AR RO
F B SR HET , CWD A B MRS S R AR BB AR T N4 CWD BRAif 1 22 S ek, ik
S MROTEIR R B (PR ) \CWD SR A0 RSO AR LA RN S AR D R () kg
) B2 CWD BRI
3.1 MHELE CWD Bififi O R A5

FIHI, % CWD Birefit i 9T R Z 2 L CWD i RVAR W o g SRl FLOE T I AT 22 T fidh o
M FSE R, CWD AR ARk, AR B bldne 5, W AR IR (A5 S TR AEMR) B0 Bt 1kt 3R 3 1 A
AR A ARFAE . T CWD B fitt i W R I A — B ML, PRl ARk A 28 R G AR RIAREY CWD Biefi
IEFEIE S b AR B 5B BT AR 1) Ak CWID B i £ 5 T 9 2 3% S
BT e AP 25 2 B WD IS5 PR A% 1| T BT,
B Ak CWD Befif Y FEI7E 0.1—13.49 Mg/hm? , 28 R IHBKA T 0.38—48.16 Mg/hm” , &1 FTRSSHA 0.477—
8.71 Mg/hm® , Bl R AR CWD Bfitt i /1T 0.85—8.969 Mg/hm® Z [, F [ VU g m 3r i 4 v - i iR S8 bk
CWD Bt i (1T AU 7 BRI M AR

F1 ERNITEEBRHRESRSE CWD i E

Table 1 CWD carbon storage of different forest ecosystems at home and abroad
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CWD carbon storage/
Study area Forest type ) References
(Mg/bm?)
I Xiaoxing's an Mountains A% ( Picea schrenkiana) 3.59 [18]
VE A ( Larix gmelinii) 3.06
K2 (Abies nephrolepis ) 2.61
L0 ( Pinus koraiensis) 0.64
FI#E ( Betula platyphylla) 0.38
TN Xiaoxing's an Mountains [{& A ZIAN AR ( Pinus koraiensis) 13.49 [39]
KHALW Changbai Mountain VRN TR (Larix gmelinii) 5.547 [41]
WP I B E R A SRR X Iy BAAMK( Pinus massoniana) 0.56 [51]
Eagle Boundary National Nature EFFIR 3SR 1.29
Reserve in Hunan H L R AR 2.72
pay ALY
= PAURAS A TR AR 8.969 [40]
Xishuangbanna in Yunnan
= R4 o
TR U BRI 2514 [42]
Xishuangbanna in Yunnan
JUAR ST IS AN ( Pinus massoniana) 0.1 [43]
Dinghushan in Guangdong B RER AR 8.71
2 WU S AR 13.21
AFEEL SO AT BT R 0 4816 73]
Ailao Mountain in Yunnan
=R INREIN S b i
PRINREI e L3 R 34.28 [72]
Xujiaba, Ailao Mountain in Yunnan
LR P AE AR 6.25
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TP LI L E K AR ARIX LN 4.781 [44]
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AR RS RG22 [0 A RS RGN CWD i fig AP e i i s Rl e et 7 ferp e di b IX, vk
KKK R EFEHRTIHEREE S5 R KEMARIET, I L FER 1SR F S CWD 7 2212,
77 50 HR 8 20 B AR A AR KA CWD B ORRAE T AE KT RS20 i X BE A S5 5% 1A Bk £
AR 2E 5 2 TR KT A SE R IR AR A Al i e 19 23 [R) AR SR AR B K TP LA SR A
RS T AR AR MR AT AR T B ARAR S RS ARAR R CWD B R ER EE AR K T IS AR R JE /N, i AR B R A K
TS5 B S5 K™ N 7 Yol 0 T S AR A AR R B R, CWD B fif i 7E 10.40—23.70 Mg/hm’
ZIL, 1 BRI 1Y 2.8%—T7.0% " ELARZHI X A A J] 7 8 A b, L B0 A Joi R i e 8 e ELAE 3K
SR 114 225 [A) A8 Sk | 30 B TR o B AR A 5 KA R R 2 B0, SR i TP <R &
DX 3R A A AE Ak DL K BT A Sl 7 T B A P i 2K B RS B R SR SR AR B, TT BBt 2 A SR SR A ) it . T
DL, B 2 IR R BN TR R AR AR CWD BT 1ok T IR xE S BRAR

4 CWD xfEEitMNAERAR
H AT, FEERITAL BT A ZRARER B B A ZRAGE A5 30 H b, % CWD B W H 253880 2% 80 X%k CWD ifig Y
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BB E, RIRRZBE R CETTR 7T &R RSB 5SS 1 CWD Bk 5 6 4,
0 FSIERRE EACEEE | BA WS DHEER S FERMR R ARG, CWD B Al
TR FEAARE MRS — B T AW B AR | ) — 2 (& A T 52 R0 R I8 AL 1 42 DA ] o 0 62
IR R ATE O I e S R N A BRI CWD Bifif i Ay i DL AR
Wyie R LA O AR I A I R 1 T AR R BT RN WIAEAE T 38 CWD AR TR LAAHR (1 AC b1 %5 i K43 CWD
PR SRS T LA HR IO (A B B ( RIVA 20 B 45 AR BN 7 i A R ) MU AR 3 CWD BBkt >
4.1 CWD JH#J5ik

A SR XS ARAR D CWD IOy ik A 455 [ e FE VR R 251 | 288 SORME HLERBOG A A
Ao T RE M S X WIS R M A TR 00 35 A B iR A 9k X ST R S R ERE R
e R FHIZ 7 1 # BEAR AR RS TR CWD HEAFEOREJ A5 10 0 H i FAEVF 2 A28 R G0 Pl ST A I AR R
iRt | A2 R T A SRS ST AR O AR R BB & 0 AN S e A ALY, n] REAF AR B R AR AR IR 22, BT LAXS A
SEARBEATRFEMS , — R FH IR A 7K ZOR AR 12 1207 1 AR A0 T 2 0 AR B MR T /KPR R BER |, 72
VRO IR A ST A B R BE IR T CWD AR BIAG I 2 (G XU L BEAh , n-tree BURE 7L
BRI TR ST AHURE | 322 30 Ao I 5 B b O BT Y BRAR SR HEA T SR A, (LI /D DR AIE 1 T Al A 3 7
FRUS XA OB, {78 A b R 5803 T8 e (R 8% v ELAE G . 55— F e
B2 W 2 HURE ( Line-intersect sampling, Bl LIS) FAR (R BAMAETE ) IZ B AR R T — A TN
KIPIE e (Rl — 2% HZk) BiE , 2 TXEBRbR b oA B B W dE AT SR , o v DRt e A R AR} £ 77 LA DY A
IR, AR S LT B 224 LIS AR H AR R A B — N = A8, FO S = 400
AP CWD 1R AR 4, 1% A B AT RE ek m, Bl (SRR ) B MDRS les LIS $ERE
B2 BN T4 CWD IR A i S ettt de i T HE S ™) B0 A O A
4.2 CWD AR Tk

XHATRARE R AG T, ST TS AR ) B S e it s A 2R . SEBR I b 315 CWD (AR — e/ 2 2
KB SRR (AR FUNK AR T BRI R 18] 3 RARL KA ST Ay IR HE (AR Hh e
J& Smalian 1 Huber H9/A 2 ,Eﬁ%f%ﬁﬁ?l‘[‘%ﬁﬂ*ﬁﬁﬁww ,E%IE%?‘VI‘%*&E*?&@Q,HE Huber &2
AR RS R T2 AR SR S AR 2R TR CWD AR R T ARG R X AR
PR T3 LA H F B4 J2: Rubino SRR Y0201 BUA AR ISR 2, HIFAEFTA 19 CWD RFA IR TH 2
Uik BLARE* LIS HARIN N G LR AAR S M BB 1 AR SR 5 DI SR B G, BT A LIS FEA 322
HRAEALARSCAL Y CWD BN LT B AL CWD ARB BEF Ak T, He A AR 2 943 Bl & Warren and
Olsen ,Van Wagner 55 DeVries $2 1 AT AL, BAAAATRIIFR 2 . Warren FF7E A TR BEIASE IE
B HEAA 1 — 3, R LRI FEAT CWD 52 3L 0 880RE FIAE st v B 19 7 34 AR A T, 5 ZE R AT Bl )
BRI R DA, 1 6 R LS ) CWD FLAE™ . Van Wagner Z582 H T 55 —Fl 3, 28 3 rp 2SR ) A AR 15
AR BEAR AT E AT ARG , SV AR B A ARG B A ki 2546 (A A =P B ey
(R ACHR I PR A, T B AR AR R b s 20k I I TP dE i IX CWD ARl SE . de Vries AKX
A RAAEAYXT Van Wagner A g B T AR AT T IE ALY RVETH AT TR 2, A CWD %k
WO AYE R K g SRR BRI B R sh ) S B0 A N S G T B S N
xR LIS HoRAEIE 2 AR 5 21z 18 A RN 2 — . Campbell Z542 Hi (9 CWD (RN X H BT
230 BEFNIPHS AR S2 00, 45 R W] 28 0 BE X AR AR 52 e vl LA W T A R A 2% JE T B R ) 23 fff CWD -3
PRBUNAGTHER K 9% 1 [ Py 2 T4 A A5 AT N 250 i LAl Dt 4 1 17 38 T 2R A8k A o7 1 AR
CWD AFAR %430 Van Wagner (AR, BEE THEEHIAEML U R Wiz s 5Tz i, Of
FE R T RE R T AL EMG LA B Bl g 2 > Bk A8 i 8 R RV B 1 CWD i AR FRLLL B i i
SELP L Queiroz SEHE I FHGAE RIS RN Z 615 A2 LIDAR 3RAS M52 A S BUZ 3R CWD IRFREL, A

http ; //www.ecologica.cn



20 4] HE G AR A RGO TR M i 1 BT Y 7921

T REALARAR S 1 57 CWD ARR BN %75 v 5 S DG A PR A AR L, 207 BRIR 22 R 11K 12%
TOMPRS B 7, 1O 7EM e B 3 R fEmf il CWD $AE TR LA .

F2 CWD&HRAR
Table 2 Equations to estimate the volume of CWD

TRFRZE LS AVASY B D7 ik R
Volume category Volume formula Sampling method References
A~ CWD (RBLAR (d§ +dj +d*) - Im \
wy = ——— FEREHEY 1
Volume of individual pieces Vewn ED o S e 2 (o1]
di +d3) - ml
= (dg P [89]
og 3
DBH?
Vi = i XX [52,90]
e 4
2 2 77'
Vaumps = (d§ +dgd; +dj) X1 x 3 [92]
AL CWD FRBIA S L D b
2 ,f iliai Vihoctae = T2 2y —— % 10000 LI A [93]
Per-unit-area volume perhectare ~ 8L
Vet = 7 2 Vil X 10000
- [88,94]
(dis‘ + d?L) - al;
A B
8
&
Visheoure = g 2 (D7 = DHE) CR; [96]
i=1
&
Vperhe('ture = @l; D;l; [97]

Vewp HEA CWD AR (m* ),V BRI (m? ) |V, AR SEAREAR (0 ), Ve AR (0 ), Ve hectare I A CWD S (m*/
hm?) , Vo5 i A CWD RBL, dg /K AR (m) ,d, WRSKEAE (m) d MR, 1 CWD K B 3 (RS ARFIARAE ) (m) , DBH N fts , f i
B, L O RE M T R I AR B LR B RV AR S AR K LR A SRR CWD IR B SR B (m) , D, R 52k S A AL 1Y
CWD B4, DH, M54 5 AREAL B CWD 19750 HAR , CR, N S SRR B CWD H9HE R

4.3 CWD B AT

TV S8 AL A A 2 X B2 155 CWID Bl i A T8GR AT 2 e B B PR A B CWD H ik R 5 i AR fk v
DIFEEXT CWD H it A T A ERR T, CWD BRVEFE (%) — ol (B A5 2, B R 2 it 5 80 i
AARAAEY) CWD BIRRIREE H 50% 7, H-5 50 s R 5 R S 05" Moreira 4535 H 8 i 148 43 JR T
Ak AR A 25 R T T LA ke CWD B AR EE ) Tt TR A 50U 4 R A - 3R (oK
Sy JEI) BOVEHT, (45 CWD B EAE R IR B BEE R T e A g 22 5 10 ' R BL7E A fad B v & AR 7
B TPCC(2006) #2175 it = $0y w4 B0 AOTE B0, By ’REAR R 5 CWD B4 A8 ) R B s 40 22 5500 A
47%., Birdsey HEHE T AR (52.1% ) FEE A (49.1% ) B9F- 2R EE e H 11 56 [l o 75 0T A 98 34 S Jird 2 bR
CWD F-HIRRIE BE AT 43.0%—48.7% 2 [0 [ NFEAETHE CWD BRA% SRR, K22 i ad 7 [ E B
WXTRTA CWD SE4T R AKE ROFEURE | SR J5 DU E A5 B RE i & R, 2E RIS AR - CWD () it i, 3K
FEARME SRS CWD SR SR/ T 44%—54% 2 [[]'5 " ™) RFEME A CWD 2053 A R R 454
1) CWD & B T A A7 A ik 2 22 57, RV 2 A [RIAPR A | SR A ORE 7 i 5 I 07 VA — TS 21 ) 45 SR R
JUHATR 20 @ E DR AR CWD SRR R 55 R R b R SR AR AR CWD A B SR A 1R Bl A
BRI TGN | B S AR G A R T R [ LR s R R e AR R S R WD SRR 4
i A 22 BT DA S AR DG, — 5 T AT B Pl TR i SE A TR WD S SR R, S — i vl g &
AR CWD 5 R A KA KR B N SRR 9 FE AL R AR AR R CWD BRI R S
I LT R RS A R AR T B e P e, M 49.899% L b AN, TR SR AR B A &
LA 2, Bt AT CWD 25 BE RN MR BE R A e e e 25 . DRI, 38 ek o o A0 2 50 9 A LAl 1350 CWD B i
TR AR T BRI 5 I A, ELT A SR MR A R R M
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UEAEOR, FNANR R T 2R BRI T ik S0 T 2 RE M AR BAE A B TR T 4
Yyt CWD B b il 505 A B N T RERE AR (14 & 2, DL 2 ) SR A ZR KBS 4R A4 T — ol
B T, N TARZE 48 (ANN) (3458 BB ( BRT) 2270 F 3@ I [ FE 2% (MARS) | S8R REHL
(SVM) LA K B3 ( CART) 857 130 B Bk FH T AR A 40 i DA B i i e OO T2 (RIS 2 ) Sk e e T
1 WP N A TR B, JUHUEAE CWD Bt o A9 0 FH RS2/ L . Razakamanarivo 55 3% F Sy 3k hin 407 i
Byl e 41 HZIHE ( Eucalyptus robusta ) N T AFEM, &30 BRT FEAUXT M I (74% ) AT (85% ) Bk fifi & Y
fif R IE L T — U R PR R Zon R PRI | Chojnacky 5 35 T 40 R JH 2491 e [ 52 B b 50 , R
CART \MARS 75 4 52 W B AR AR Wy A Y O SRR T TR AR, | A6 0 i i S AR 80 AR A 50 A A T 8 AR
AR EEA R AR R AR IR R B A S SRR AR TR EZ 7
A1 R 2R S A BAR RS20 AN R A At S IR0 A 5 25 e PSR R T, i BLAR 27 20 5 ik I G A
B0 53 A0 TE 2B BB T4, BE S AR G b A 3 PR A% £ 0 19 748 it 22 (] 52 A% 9 DG &%, T s ) B3R A0 8 R ) R A
B RS A IR fE B O KRB CWD AR S i figs i WF 5T S0 B i S 5 ik

5 HARRE

CWD B P e 2 25 b A WA Wb 12 5 SR I | 3o A BR AR AR AR 25 R G R B 5 B i O B 90 B J2
L2 R REMMEN, BT, 4 CWD B 7 i 0058 AR O SIS T 38 F 00000 0%, (E ] Py b2 35 X
CWD filkfith 2 IS AT AL TR0 G B B, B AR TR S [ A R R [RI AR S 5] 65 A S5 9 R TRl 4k AN TR 41
STHIERAR CWD Biefits 1t 43 A0 FRAIE DA B/ RUBE R MR G TR 5S4 % CWD Bl 12t (9 52 M, CWD Bl it ot A9 1
SR 1 R A G i)« A Wi~k BE L o SEF UL, ARRIR SR R AR AT R I 7 1)

(1) 3 JRAEgE KRB, 57, CWD Bfiff it R IR R 36 B AL ML & AR MOE A 5 40 (FIA) B H &
¥ CWD YA JHAE G x4 E CWD #H17 T RS A& RaHr, MIRE CWD Bibf i A58 5 E SMH LT
WIRAEFRIR BB, HRTXT CWD Bifi it (8 AIF 52 AR 5y BR - 5 B — () AR AR AR | Bl i — b I R AR
BARGAFMI AR A FE S ST CWD Bl 22 SEAFST , e T 58 K EEJE BN CWD 5%
SRS AR A rp i SR F LA 2 (R) AR ek ] 1 Dy =X 28 R [ R B BERRMRAE S R G vh CWD Bk
figh et , WO B () AT, KRR A TR, . A J5 I Y AW R 98 KU 76 A 8158 HEHL Al 1 RFE
HP ] FRMAE ) 22 R e ) ) 24 5 65 AN TR 70 B 22 8 R b, 338 224 3 S UL 3 a0 A 3 O 5 4 A A 5T, 3R
U S A B 1] 17 51 UL S 8 , AN I AN [) BRAR IS T R [RIAFE Y CWD Bl et (141 728 Ak G223 (] 43 U AR R
]IS}, 30 75 B 11 e — P BURE IR A N CWD ELAR BRI | LA X A [R] b X AS [R] BR AR A () CWD Bk i 2 A 7
X ECATHT

(2) IWRATFRAMARALTE = N R R AR A S RS0 CWD Bifig A8 fb SO R HLRIRFZE . H R, X CWD 5%
BT FT 5 K B (0 FR RS TG 41 | 35 B4R v o FE T AT I MCORT 9% - ) bR 23 XU S R A B 5 S
L N 23 AT o N 47 = 3 L 7 N 2 i o e TSy 1D I R 23 o W 7 NP S B i bl NS 0
FR . HE ARG GHE UK SE CWD Vi BB fift 2 1Y 43 A1 AR ik 5 5 25 22 5 | T 6 AS [R] AR 43 R A )
IEEIRR XS CWD Bt 12t (04 52 ma L] 0 B 98 WA 75 1 — 20 ik, 23RS AS A0 0T BRARAE 8 R o fitt =k 25
FEAE R, H AT E NS R ) TR IS [ SIS BT AOMAE R B i i 5 1 A DB A i AR A
B, CAMFIE RV, SRR AL — B O 5 K R IEA S, 52 S, AR & F 51
I 3 HHEE PR FEAE A7 T 0—20em () 3 | 5 RAPFE K6 R A —FE , (HJE, 6 F CWD Bifig i
X AR AR A R R A SR WS 2 0L, SN SE R, — G L CWD B fifh o Bl 4 57 3% B85 1 8 T A A1
SHEBOK BIEMEE R, A LEAFMIAH CWD #iff e SRR B IR, HN¥EESE M AL
1 PR ASAMRAAL S CWD Bt =2 1] 4 5 R 5, BT DL R 5 HOR [ N ZE X U 22 25 1, EA TR 9T o
IO B AR IR EE I RO TS5 B R CWD ki it = A 4 55 5 i) 38 Ao A 2 2o R AR US40 53 B
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EERTUERAT 5N CWD BRf# i Y R S5 B X A Al iy i AL

) EEmMZIefeny CWD ffif it 75, Hixr CWD Sff 0T 58 1 225 T FE Ll A - A= 1)
AN BT B RE — B A iR AR ST Tk e R A R rh AR 2R PR U B i [ R
22K A2 [T R Ao L A 3, oA v B BT A R i AT R ARG I e T AR LA R B 2 [ A e b | 7 O
A PR TG R IR A AR BCR AR B A T 22 R R AE — E TR L RBAS AR CWD AR Aok il 21 iy KU
HE N E B2 . CWD IR RGO AL G il B H R 7 i i B 2R, 20k T3 8 SR,
T CWD 7 B AR 32 200 A e ot o R DURE i AR RR A 3] A i A AR e R A5 21, oh TS I AR e A
PG SO B 25 S AR AR A A B DR 22RO N TR 2 B CWD B EEAEAE 5 L PR 22 R, A
BFFE 7 AP 2 B CWD BRAE B R A B MR U5 (E A BT %) CWD BB H A TIE IE
CWD PRFHAY A5 18 2 2 AR B2 AR CWD ARBUFIEAAS CWD R, 32 2R JE T 15 Ge il & B E 4731 5
B BIATE o3t R P BI85 A4 S D8 SR 325 I AE N, AT LA R0 CWD AR BURI B At i Al T RS RE . TTRE &5
OB T B TR, 225 T4 1) 2 L PR a0 A 5 B 2 °F B3 R AR IO RUBE I P N ) CWD i 5
BN R REFEE CWD Bifif AT HAR AL T B2 ARG, B OFTEAEAG T CWD Bk L v, B0 25 B O
FETZI AL, JEHIE R THBET A A RIS RGN 1T 900 CWD, Hefiyk B 2x OB T ISR T A B 22 57, il it
B RREINZ T CWD fiefiff it i 77k 388 CWD Biefif e 1 Al B0 8 2 — T iU 9 A 55, i
BLER 27 I FETCRE N 2 S I TR Tl A o, Bl ) RE AR i b B LT H ATAL TR0 B, BN
Sha B 2T RSy G i oz F AR 03 b, anArpRe S 4 i) 5 FH T CWD Bl 1 A Al 54 2
A e T A E A S XA

(4) TRASRIT CWD 2%t - S0 e 55 R e 26 i) 2 LS5 VR HIBIL o Aot e BR AR AR 2B R G e o
AA% [ BRAEAFAEHD L AB D, 45 % ROBRAE A AE L3 h  APRETE CWD LUK I S5 2RI P 4 rh il i 11910
HEA KR T RS R AIPTFE P R0 B2 T CWD BRI, A L6418 T CWD B 1 s 2
SEAP IR T = ANRIE BRI, HIFR X = Z ISR IEATIRA ST . CWD AR T AR AR Y
HAR AL BRSBTS, CWD B3 fin— € 2 B b 2x S SRR 2 i 082D T CWD 5 J2 S e 128 7Y T 208
WA BT R EA PR, B L, CWD BRI DA T HAR e P55 - M P A T S A7, 5 38 A 52 ) 3t
AR S LSRR ST AR A A R GRS P A TAT 2 M S R T TR — PR R [RIRE, £
SRR PP RELRICR P2 L K A N R B8 1 AR PR R 25 % CWD Bk iy e TE AR I S At AT = R gk, DRk, 78 T
Tt CWD Bifif i B FERR b A7 EER AT CWD B 408 - AR 455 4B ORI P22 140 52 W) e S s ALt AT A 52
P CWD Bl A0 4= BROIAE P 1) B B4 HIR AR
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