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Characteristics of the forest deadwood carbon pool in Guangdong Province
ZHAO Jiacheng, LI Haikui”

Institute of Forest Resources Information Techniques, Chinese Academy of Forestry, Betjing 100091, China

Abstract: We used compatible tree biomass equations for each component grouped by species and decay classes, and
carbon fractions of above-ground and below-ground parts, based on the 8" Chinese National Forest Inventory ( CNFI) data
in Guangdong Province and the deadwood investigation data from typical sampling in 2016, to estimate the dynamics of the
forest deadwood carbon pool in Guangdong Province, including the effects of deadwood type, stand type, and age groups.
Furthermore, the contribution of stand growth characteristics and natural disasters to the deadwood carbon pool were
quantified. The results showed that the carbon storage of the deadwood pool of arbor forests in Guangdong Province increased
5811.86 Pg from 2007 to 2012, which accounted for 2.94% of biomass carbon in arbor forests during the same period. Logs
contributed more carbon to deadwood pool than snags. Broad-leaved mixed forests and Pinus massoniana contributed
approximately 70% to the deadwood carbon pool. Within the same forest type, the deadwood carbon storage of Pinus
massoniana , light hardwoods, Pinus elliotiit, broad-leaved mixed forests, and hardwoods accounted for a larger proportion
(>4%) of standing carbon stock, whereas Eucalyptus and Cunninghamia lanceolata accounted for a lower proportion (<
1% ). With respect to age groups, middle-aged stands accounted for the largest proportion of the increased carbon, whereas
over-mature stands accounted for the smallest. Comparing the existing biomass carbon storage within the same age group

revealed an upward trend from 2.03% for the young-aged to 4.56% for the over-mature stands. The increased carbon density
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was (0.7612 + 3.3988) Mg/hm” in the province. Death owing to competition or old age was very common in the stand, and
was observed in approximately 60% of the stands with deadwoods, but contributed to less than 1/4 of the increased
deadwood carbon. Rather, natural disasters, which only happened in approximately 10% of the stand, contributed more
than 40% to the increased deadwood carbon. The increased deadwood carbon from 2007 to 2012 declined until 2016 by
approximately 85% to 785.57 Pg. The degree of decay of logs was greater than for snags. The degree of decay varied among
different species and was lowest for Cunninghamia lanceolata. Human disturbance, such as over-cleaning, and decay of

trees could be the main reasons for the reduced carbon storage.

Key Words; deadwood carbon pool; Guangdong Province; stand type; casual analysis; decay classification

FEASERRMA S RGN E B LSFRr , AOFHESh B S RG R R, B R,
A A EH AR T EHAEAERR YA AR S D7 T R 5 A T Bk, i, S S 2E TR, SEE R )
FRAUEA B T AL PR B b AE T R IPCC M S FEAL R SR A BIR BEAR R E AR
RFIAETF 10 em (AR EZHE RN ) BIRAE R 8 R G0 KR 2 — , 2 TPCC ZER 4R
HIEHE . TERRRBRE FT  BFFESEAR 2 ShAFIRE , X TH 78 SRR 25 R GO ER L, B4
AMASRGIL(R) J R, A EEENE L,

TEVAFEXS BRAMRAE S RBSEAR T, X4 R EAE  7E R B5% 44 ( Coarse Woody Debris, CWD) , DL &2 &
A FRIR AAELH B A9 A 12K ( Down and Dead Woody , DDW) WRIE PRI A E BRI R SE AR
JE PR AN o2 A3 S A5 B RUBE 2200 X Sk R S AR ARSI 2T S BB 5 S B AR 2SS4 10 A
R MR BERARSR PERE 2 it PR IE 20T 51 1 2% ARl T AR X SEAHR PRI 1 B AL, {H i T
A AR R, A SR | H AR IR S 5 D B R R R T ER R R A 2 PRk fE %
AR RG R, KA 14% WBRAEAE T 5CH MU (FEAR RIS A 2 R AL A0A T sk 1A ) i A IR 7E 2%
AR b i AT, b DAY 22 5 RSl 7 AR R RGN LB R, B T AR SR TR SEACRIAG B Y 2R )
T2 AT R O R, T BT ARG HE o 25 R T YA K e e MR B A A AR A AR R
RUBE B B BT X A P 1) L T AERORUEE T AR DGAIF 58 FIAG B LT A 410

ARSCHRAE S 8 Y (2009—2013 ) 4 FEZRARTT IRZESL v A b AR A IR A Kt (2012) >R A0 021 5
LR P AR A5A 2007—2012 4E[A) AR ARAR B SE AR B ZEAZ AL, BIF ST HAR T o310 I 20 LA AN E T2 1 A
SERRAE  7E 2016 4F RGUHIBU\ > 2 — B [ E AR 38 i SR T3 vk il 2012 4R A I 2 R AR SE TR R
B HRE AT SN PR A, 0 SR FEA 2 9 A I 1) JBS A P B (X S J A% 43 il & LR AE 2012—2016 4F[H]) |, H I #E
SR 2B TERBRIEAEIE 10 4R [E] 132 RS HERG ST R A8 BRARE AR Ak i 42 HE R 27 aTE
1 HREHR

WFSEIX AR T 3 [ g 0, Ja I BAGHT - A 3 1 2 XU, i B AR B 0 20°15'—25°317 N 109°40"—
17°20'E, HARBEE 5 KRR, MR 2 W, 244 FH0RTE 19°LL | PRk &R 248 1500 mm L)
bR 4—9 F B2 i A4 R 70%—90% , 48 MR - R I E AL, i 2
T 273, B ISR 1000—1500 m, 28 ARAREE AR 1082.79 77 hm?® , ZRAREL 3 4 58.69% , &
B AR5.47AC m*, JH R IR bl DX B ARUAF AR A SRS L b 2k ] e, e Sy S BT B S R R AR, R S S By
TR AR, B LM AR, P4 AR R F 13 o HOWORYEE i A AL $E S B A ( Pinus massoniana ) | F2 K
( Cunninghamia lanceolata) JEHAN ( Pinus elliottii) KIEHN ( Pinus taeda) 55 .
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Bl RATE 2012 FFHEAT, HR REEAY FEAR AT LLG3 Rl SE AR R EIAR TSR AR, FE T & AE7E 2007—2012 4
Z ] AR SR i sk B SR AR A28 Ay W3 9 A (2007 ) BF, 1 AR BT I A I A A AR T s T SRR T AR A b 1Y)
MRATFHE AR AR AR 21 55 ; 02 2016 AT I E A SEASEF S PR EdE . A RGEMEBU\ 2
— [ R A R b SRR AESE AR S IORE N AT, R 1 R 2 A T BRI AR ST R
AT LU B R G\ 53 22— [ 2 ol ST R R R FRIBE A BAL, SEAR I Ry B Gy 22—, ¥ S ]
FIRE BRI I\ oy 2 — 5 T R BRI  BLARL R S PRy8 A RE e, AR FE b S o 2 — R A
W 15% HIEARBRECH 7 40% 24 , W T T KR ZHWFl,
F1 SEEBEARGITE
Table 1 Summary statistics of all the plots with deadwoods

FEAIEH 7S L3105 PR

Type No. of trees % No. of plots % No. of species A
FHILA Snags 1476 1.43 354 22.62 14 56
HifBI AR Logs 2483 2.4 347 22.17 17 68
41T Total 3959 3.83 498 31.82 17 68

F2 NGz —HEMEARMBIHERAEHBIERGE TR
Table 2 Summary statistics of 1/8 sampling plots with deadwoods and the plots with investigated decay class

R NG 2Z—FE 1/8 sampling plots SEFRIEAFEHL Survey plots
FEARSHY
Type pike P R b P R
No. of trees No. of plots No. of species No. of trees No. of plots No. of species
FHALA Snags 202 49 11 87 10 7
MifflA Logs 314 51 11 118 11 10
A1 Total 516 72 12 205 11 10

3 HIRAGE

31 AT

8 YA A I AEAEE , 7 2012 AR AF I JF A0 s A RRRE | HUR X0 T AR SEARFIAS (I A, Jo1 3 HoAk
FERATEZ T 0—5 422 8], TEBEA K AR AR K E HAMA AR KA T , WF 58RI 4R & A= A5
(R AEC R R AR S SRR SE A 1 P35 B8 T 8] O 2—3 4R Fi BRIE LR S DV B 1Y 5 AR B R 4
CWD 73 RGE (K 3) , AT LUEAAS A LA SR A 1 AT S5 R 5 1 9, 2016 48 SRR i A 19 5L AR S ™ 4
25 9 CWD 73K RGEHATIER SRR 310 . DISEARMAR A 5, 2 B3R 07 22 70 i B9 07 R e FE AR AP |
BT L0 B A S5 RS2 M), SRS HE AL S S O B e e S DT vk e
32 ItESE

XFTER LA 17 DRI SRR P SRR AN 2R IR RS AR R X 7SR Al R
I MO Ry & A AT AR S AT A o b 9 A O R AR S SRR A L 1 AE Y R SR
R Hi - 3t A 49 1) 9 Bk 2R 005 e A G b REE I RS B, 8 SRR o 141X 45 A L 14 A i T
FERIS IR A LU 9 MRIFP I SE AR BREL (G 2 ERFE AR 1Y 81.3% 5 X THRAZ IKAZ B A A FIBRAR 45 8 At
i, R SCiR AR X T A A R AR ORI OGR4 V) A AR o 1 45 A i 4 )
191G 2 0 5 X SRRl 45 A2 43 1) A ) e, AR DG 3R 14 2 DD B B L UE O L Sk
3.3 HURBRfE I
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B, =B +B, +B, *+B, (1)
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Bbl :Bruut ( 2)
Btota] :Bal) +Bbl ( 3 )
Ctotal = Btutal x Cralf& ( 4 )

X () —(4) B, M ERAEYE B, . T EY R B, R A& B, WEEY & B, R A Y
B, W TFAEYE B, WREY B, BAEYEC, SRR C IR RS
FRR REE R OL T, (3) —(4) W LIE SR .
C..=B,xC_,+B, xC, (5)
K, €, 3 FAEY RS BR R A C ) N AR S IR
XF TR SO B SRR SEAR S RI R A S5, 45 T & D T e AR Y AGE (R 3) 8 )R
eI (6) THAE H R fit i
DC? =DBY DB" xC

i 8 DBY, xC , +DB}xC, = (B w’+B, w! +B, wl +B, w! ) xC, ,+B, w0’ xC, (6)
K, DCY i FEBIBEAR j GG HARR DA B ; DBY, 20 ZRRIBEAR j IS S5 G PRk b L A ) & DB, i JSTRITE
KB SFH AR T AW 5w ), w), wi Flw? i @ BERIBER j REAG ST R B R AR R AR
AP REAE ;i=1, 2 0 5MRER S ARFREIA =1, 2, -, 5 XTI EFTEH,

R3S SRR (B A A A5 9 S B A R AGE

ba

£3 HAUAMBEREOERREAFENENE

Table 3  Descriptions of decay classes of snags and logs and their weights for estimating biomass

290 Class 1 2 3 4 5
F37 A Snags
T Leaf 172 0.3 7 0.0 JG 0.0 7 0.0
B HL Branch H#AETE 0.9 AURALAFHE 0.6 PURBCHAE 0.4 7 0.0
W Bark %% 0.9 Btk 0.7 FRAMEALE 0.4 7t 0.0 HAEIA 0.0
BT Bole NII3E 0.9 ki, B [E 0.8 WiSE K2 0.3 JUE R AT 0.1
AR Root 0.9 0.7 0.4 0.1
IR Logs
W Leaf P45 0.2 7 0.0 7. 0.0 7 0.0 7 0.0
B #; Branch KA AFAE 0.8 KEAELE 0.5 FMAAFAE 0.3 LT FA1E 0.2 7 0.0
R B Bark FF1E 0.8 FELE 0.6 KIBSTFFAE 0.4 KIBATBETE 0.2 7 0.0
W+ Bole SE8f 0.8 RS DM SELF 0.7 SIRER OB 5E4TF 0.5 DM E R 0.2 A 0.1
AR Root 0.8 0.7 0.5 0 0

3.4 EEFCRPAE AR

FET 8 YU A BRI PE A BR ¥ it (2007—2012 4FIFTRESEABRIAE , LA T AR 2012 4RBRIE ) 4% HEARAR 7S IR
TS A A B 7 A B

ST B 45 2 3 A B 1 A SEAC (R BR B i 1 (2007—2012 4E [A]B E 5E A FI] 2016 4F i Y 14 B ik 122, LU
TRIFR 2016 AERRIE ) MR # U AR

N Z BDC.
i=1 ¢
T™C=Y DC, X ————x8§ (7)
pt Z_leCi
, " BDC,
i=1
T™C=Y DC, x— —— x8xS (8)

iz 2i:| DC,

AP TDC: BHIEAR SR BAE I DC, .56 | BRIEARBRAE L (2012 4F) s BDC, - 5 i MRIEAR B AR ¥ it (2016
AF) sn s \IP Z—FEHLISEA SR IV 2B R A SE AR BRE me S A S SR A AR AR AR S« B K P
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S DC, 55 j IR § BRFEATAHGE (2012 4F) ;BDC, 45 j RIS ¢ BRBEA (R BT BB (2016 48 ) s A
2 —REH R PR FEAKREC N, S FRE R 0 B RTEAKRS s, 45 BRI AS S GO AORE A BB b
L

T E 28 T R SRR 00\ S 2 —REHrh SEAI SR T R IR BRK LA R Ll %
V1S5 A R R 5 22 | 7 LA DA 758 S 26 JO B D B 2 D AR (R B 1 e
B AR B RO ALK BRI R 2 9 AR AL SO RE | PR (AR AL R R TR 3
HO A HCATE R A
3.5 SEARMUA ST B

HE IR 4 WEATE BRI HEATRIE 402K 55 6 SR VR AT A XL K RIS B 5 ) 8% B
VORE RITEARIFIEATE & BT H0T 2012 4F BITEARTRIE ekt s A MEBIA SYFEAFAE AR A HOAR 5228 (R
RIEAERRORER) RG4S S ATTEA TR B AR,

R4 FEHIEARRHER TR E 5

Table 4 Descriptions of deadwood in the plots and determination for the cause of their death

SEAR G A FRAIE FET IR A
Distribution characteristics of deadwoods Cause of death
TETE T4 RN R, 2 oA, — A2 /N TR B A A SE AR BB < 15% , SER BT <10% TEAHAEAE
FETE LA Bk BB, — R KT IR A M  SEAR MR <20% , SE AR # TH<30% YA
SARA) R/NER A BIARBUE Z AR SR  JEARVRE>30% , SEARET>30% , i IAFTE FRT R i dldh, &5A5% R,
g sk
I E] KNSR ARSI Z TR BB SEATRE>30% , AR EFL>30% , Al LIFFAE T AT I b, 458 9E KFe s
WA GOk KBIA
HARTEB AHiE

4 HEREHW

4.1 FEARIEFFERE

T ARAE R TE s 52, 2012 4F (300) PRSI I FEA , 76 2016 4F () i, HAA K2 43% 1 44 7
T TR, SRR B R F- B B R AG RE B UL 3R 5 FLr A [RIB b 1) JE5 7 8 3 AH 25 5K, T A S5 N /N 31
KIGHEFP T A A2 AR HARE | 5 R AR TR b AR R, 3 —25 0 2243 Hr (835 /KSR 0.05) 3%
W FEAR AR KN S A AR BE AR B PE 22 57 s SUAR R R I A7 7 i B 22 59 MBI I A5 2B (3.7) K
FARSEA(2.9) HHZEE— 5K MRV AL Z R e B e 22 5 P R RS A R B B M1, 5 HL A T A WA 4
[ fAAE B P22 5 R S 1R AN AR B f i, BT 22 () 22 52 B 3 T 5 LA o 2 25 5 0 3, LA
Pl Z A 25 AN i
4.2 FEARIEAGE

F2 6 45T 2012 AERRZERN 4 R R AR 2016 AERRIE . 450N 2012 4R AR A TR AR PRIE A B
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JiE S 5811.86 Py, i [AIHATE AMRIE S A A W B B J2E 1) 2.949% 5 Fov | Rl ST ARRR % ol 2230.44 Pg, i SE AR I 1Y
38.38% I AW Ny 3581.42 Pg, (5 61.62% ; Hi 530kl 4687.09 Pg, i EAR AR FEHYT 80.65% , b T
YRR 1124.77 Pg, 15 19.35% , AU ER S BE (S T B Aig i) 4 (0.7612 = 3.3988) Mg/hm*, HiHt 437
B BE A (0.2806 + 1.7288) Mg/hm* , Afi {8 A ik 25 £ 4 (0.4806 + 2.2835) Mg/hm?*; My | &8 43k % £y
(0.5898 + 2.7683) Mg/hm?*, #i T #4025 4 (0.1415 + 0.6365) Mg/hm? . FTAT AR SR B HRAT 38R 1Y b e
25X FEIE R R ETER HIRIAEARS] 1/3 BREHL T (3R 1) BAE RS0 AR AR rf A ] g 4 A AR Y
RHFEA I PRI 2016 AERR R, A2 Sk i i B/ 785.57 Pg(F(9) ) B K1Y 1089.52 Pg
(2(8)) , I HHZEIT 40% ( L/ ME N FEEL)  (AAHXT R F 2012 4R AR I | e A e/ N/ 353 51 by 86.48 %
1 81.25% , Wi 25 I, 1l 3870 Fth 58 o0 Rl i ot A [RIRE ARG 3 SR LA B fih 1ot B30 s 1) 2 22 D PR 2
REBICACLPBEIRE NN LB TP RN R m R 2 0RO T 5EA R

x5 SRMPEKRBHEESITR

Table 5 Summary statistics of decay degree of deadwoods by species
5 N2 :b
i WA BB i LDl R TR
Species No. at start No. in the end perl(;filntalge DBH of reserved ’ class“ 2
deadwoods
LM P. massoniana 20 13 65 10.4 3.7+£0.95
TRHUAS P. elliottii 24 7 29.17 8.4 4.3+0.49
¥K C. lanceolata 54 25 46.3 8.2 2.3+0.95
52 Quercus 12 8 53.33 10 3.8+0.46
HAbAE [# Hardwoods 79 29 36.71 10.1 3.3x1.17
K Light hardwoods 13 5 38.46 9.6 5.0+0.00
AT Total 205 87 43.07 9.5 3.3+1.19
x6 THRIEKRERBENREE
Table 6 Carbon storage of the deadwood pool and carbon density in Guangdong Province
i T &1t
Above-ground part Below-ground part Total
JERTHRD LA e I W1
Type and expansion eqations it it Density/ Wit Density/ A Density/
Storage/Pg (Mg /hm?) Storage/Pg (Mg /hm?) Storage/Pg (Mg /bm?)
2012 4ERR%E Carbon pool in 2012
#STA Snags 1798.53 0.2263+1.3916 431.91 0.0543+0.3415 2230.44 0.2806+1.7288
IR Logs 2888.56 0.3635+1.8627 692.86 0.0872+0.4157 3581.42 0.4806+2.2835
AT Total 4687.09 0.5898+2.7683 1124.77 0.1415+0.6365 5811.86 0.7612+3.3988
2016 4EH% % Carbon pool in 2016
i (7) 792.98 0.0998 200.59 0.0252 993.56 0.125
K(8) 876.08 0.1102 213.84 0.0269 1089.52 0.1371
=K (9) 623.96 0.0785 161.61 0.0203 785.57 0.0988
A (10) 699.19 0.088 178.05 0.0224 877.2 0.1104

XET PRSI IE BT, o TRl E] G I A R B A AE B 22 5, 3K (9) A (10) RIAG A5 R BEIE
PEAE T (7) I3 (8) , Rl 7 22— AR B A B4 B A AR A T 28 SR el B LR ATTIA 3K (9)

25T IR AL A5 2 785.57 Py,
4.3 FEA L BB R AR

BT 25 T B AEARSET A R A EEB15G 2 T LA B . FARSEFATAE T 50% LA ESEAR I REHE
R B SEARBAE TN 15% 5 58 RAFAE T 10% £ 47 I FEARE H ey AR fif it .29 8 10% ; VB vk
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B KR A AR E BAR AR AT 10% 0 g 1
FEAREM T, (P3G 9 E AR itk 2R 2k 400% , 5530 2 _ Rt
RIS I F | FUR AT S% ZEATISE AR TR | O T

AL 30% HYSEABR fif it , 1X 5 2008 AR IR IR R 5 A A
TR IR 50 | S BALH AR Ak 5E

KBRS B E R A 30% AL AREFISEA 2 0 |
etk A 5 AR

%79 T 2012 AEREATR RN S bty = T

FEAMICRRGE BRI M PE R BB B BBE o |
BT 50% , B EMAMBHEE 20% , Hi4y 8 A28 A i) I |_I

FE B AN R 3 10% , o rp Az 4 R0 A2 AR Y HE 451 35 A %) 0

40 L

H 4 b Percentage/%

R E R ¥ gg HEg
2% , AL FE 20 SR IR PR 2R AR R 5 ] bk ) ®2 %3 8% & &
OB BT L, T R o L3 5 7.459% , SUAR 5 =z g S
Iy RAI RS 5% , PR RIS AR B 19 , K3 =

VANOES 271) 135 v PREEY 2=% VAR E R (18 7q v JRHTS: L L VAN S R R il
FE IR ASAR KRS BT TR S MR T IR SR A2 AR R A
B, B LR 2.97%,, FEEY 4, IR ARG SE AR
fefitt i o B it f LU AR K 3K 44.77% , ik BR LR /N AR 5.12% , LRI E0 /N B HE ST A« il pk

IR BB AR BRI T SRR 5 5 ) 1 ZH AR o B0 B e fi 1 AL L, 45 Y 2 A 25K, I 2.03% %1 4.56% ,
H i bR/ BB R

B 1 ZEAHIAE L fIE
Fig.1 Proportions of deadwoods with different cause of death

RT 2012 FERARBRER WS LB AL A MBS 5 BLASE
Table 7 Distribution characteristics of the quantity of the deadwood pool by forest type and age groups

7 SRR o5 [ bk 43 B AESEARRR RIS 2 A B
Mo Tt it R L] Frmcfsi bl iR Tt it L] FRmAE S L
Forest Carbon Percentage of Percentage at Age Carbon Percentage of Percentage
type storage/Pg deadwood a same groups storage/Pg deadwood at a same
pool/%  forest type/% pool/ % age groups/%
LR P. massoniana 1209.26 20.81 7.45 FAJICTIN 789.37 13.58 2.03
TRHAS P. elliotrii 240.69 4.14 4.25 GRNICIN 2601.98 44.77 3.34
A C. lanceolata 104.89 1.8 0.85 BliR %N 1459.45 25.11 3.31
KEZE Quercus 227.61 3.92 2.85 LR 663.48 11.42 2.31
HABKE FH Hardwoods 275.97 4.75 4.19 o bk 297.6 5.12 4.56
FeR Eucalyptus 106.7 1.84 0.24
KR Light hardwoods 358.2 6.16 4.89
EF IR AZHK Leguminous mixed forest 137.5 2.37 1.36
i YR ASHK Broad-leaved mixed 2818.19 48.49 4.19
NEVEL 2R
f:sz:of:(nd broadleaved mixed 332.87 573 181
&t Total 5811.87 100 2.97 &t Total — 5811.87 100 2.97
5 itig

AR ST AR A EIAR ARBEFI A AL AL N R AR AR (CWD) | & #R A S R E B4 R4 VB 97
PEFIRRE . ARSI RS 2012 AEBE AR TR 2 2007—2012 4F [a] 38 i 5 A B B b (0 fig i 3k 0F R
A135 2007 4F LRI ARLEE] 2012 4FRTIERC- B AESE A 1) it 12, $4 HE AR SCRI A 149 J 7 R 88 A 48, SRS sk J2E v
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B 10 4F BB S AR R KT 6599.43 Py, (5 & TG SEABRAE A LLBIIUK T 3% , Kk TREAS RS
HORLAS SR AR B B 2 o EE (2 14% ) 7 S B B R AT 0.86 Mg/hm? , K T2 08 0 21 S i 388 1 i A K
CWD Bfiti e (29 3.67 Mg/hm®) BT, A% 4705 05 45 14 S il L 25 XU SR R ARk CWD B % 5 (24 21 Mg/
hm®) BT (HA T8 T 261 3 HARAK CWD B = AG T I (29 0.11—9.1 Mg/hm®) . S M2 5
R BRI oI 2 BRAT 8 S7 A fidh i R 52 [X 8k A /NG | T B o U AR B A7 AR — BRI
TEVEIRIA T A8 A T A iy X, TR 2 TR, K R IS AR BE T e A B AR B 2 TG SE AR
(F1,5£2) , [FE, JEIG R IEFIRERE A BRI TR I AR (3R 5) G, B 5 I8 84 B Ak A 202 4
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