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Assessment of Carbon Stocks and
Fire Disturbance Analysis of Forest Ecosystems in Heihe City

ZHAO Yuan', YU Ying"*, FAN Wenyi'?
(1. College of Forestry, Northeast Forestry University, Harbin 150040, China; 2. Key Laboratory of Sustainable Forest Ecosystem
Management (Northeast Forestry University), Ministry of Education, Harbin 150040, China)

Abstract: Quantitative assessment of long-term carbon sequestration capacity in the forest ecosystem of Heihe City, Hei-
longjiang Province, analyzing forest fire disturbances impacts on carbon sink dynamics to inform China’s ‘Dual Carbon’
goals. Based on dynamic monitoring data (2005, 2010, 2015) from 1 649 forest sample plots in Heihe City, combined
with the Canadian Carbon Budget Model (CBM-CFS3) the carbon storage and carbon sink capacity of the forest ecosys-
tem across multiple levels (aboveground, belowground, litter, deadwood, and soil carbon pools) during 2005, 2010,
2015 were evaluated on the basis of localized improvement of model parameters, and the impact of fire disturbances was
also analyzed. Results indicated that across the measurement year (2005, 2010, 2015), the total ecosystem carbon den-
sity of Heihe's forests increased from 207. 15 t C/hm? to 218. 63 t C/hm?, with a carbon sink of 531. 54 t C. The fre-
quency of forest fires decreased annually, and carbon-containing gas emissions in 2015 dropped by 60. 3% compared to
2005. Using 2005 carbon sequestration patterns under fire disturbance as the baseline scenario, low-intensity fire distur-
bances slightly enhanced the carbon sequestration capacity of the forest ecosystem, while moderate and severe fire distur-
bances reduced the carbon sequestration rate by 23. 9% and 38. 0%, respectively. The forest ecosystem played a posi-
tive role in carbon sequestration during this period. Strengthening fire monitoring and prevention can effectively enhance
carbon sequestration capacity, ensuring the stability and sustainable development of the regional ecological environment.
Keywords: Heihe City; forest carbon stock ; CBM-CFS3 model; carbon density; fire disturbance
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Tab. 1 Statistics on forest type survey sample plots in 2005
it /a &RE /(m*hm?)
P Forest age Standing stock REAR
Stand t; S le si
and ypes /M A /ME A ample size
Minimum Maximum Minimum Maximum

BHEMR

Bella platyphylia forest 4 100 0.36 142.30 133
HERITA 4 155 0.94 187.84 96
Quercus forest

FF FE VR 3

Mixed coniferous and broad-leaved forest 10 82 178 182.32 2

& MR 3 PR

Broad-leaved mixed forest 4 165 072 19170 2
BHER

Betula dahurica forest J 65 0.16 116.66 2
it 5 53 0.56 161.57 19
Poplar forest

FHIHR AR

Mixed coniferous forest 16 33 329 69.80 4

S A

éufh}\lﬁ,, . 18 49 12.90 143.62 19
Larix gmelinii plantation

3 [ FA T2 6k

éufﬁimﬁ.. 18 62 21.04 148.91 5}
Larix gmelinii natural forest

x"2 2010 FEHFMEBRRAEHIBHIESR T
Tab. 2 Statistics on forest type survey sample plots in 2010
g /a EMHE /(m® hm?)
Zepkdem Forest age Standing stock REAR
Stand t; S le si
anc ypes B/IME BAME #/ME Al ample size
Minimum Maximum Minimum Maximum

B HER

Bella platyphylla forest 3 105 143 148.98 124
HERIAA 4 160 1.45 175.59 94
Quercus forest

B R 32K

Mixed coniferous and broad-leaved forest 15 87 261 15655 0
] I B 32 Pk

Broad-leaved mixed forest > 150 1.29 174.38 219
B

Betula dahurica forest 5 70 0-24 11384 30
ek 1 60 0.56 188.59 22,
Poplar forest

FHIHR AR

Mixed coniferous forest 2 8 57.80 94.49 4
S AN

‘guﬂA)\Iﬁ,, . 7 54 4.56 166.28 23
Larix gmelinii plantation

TEAA R R

EHRXBM 23 67 2557 165.78 5

Larix gmelinii natural forest
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Tab. 3 Statistics on forest type survey sample plots in 2015
i /a EHE /(m® hm™)
| Forest age Standing stock AR
Stand types M Bkl BME Pkl Sample size
Minimum Maximum Minimum Maximum
BHAHEMR
Bella platyphylia forest 2 10 0.73 144.92 134
HERIHA 4 150 2.26 183.61 106
Quercus forest
FRE R AR
Mixed coniferous and broad-leaved forest 10 100 612 21163 2
W I VR 32 bk
Broad-leaved mixed forest 2 165 106 178.92 201
BHER
Betula dahurica forest 3 60 105 13380 23
ekl 4 55 0.54 158,24 24
Poplar forest
FHIHR AR
Mixed coniferous forest 6 4l 137 97.68 /
\‘Téﬂﬂz‘)\lﬂi” . 7 59 3.14 185.69 15
Larix gmelinii plantation
EHM}%%M{ 15 92 36.49 185.30 20
Larix gmelinii natural forest
x4 FMLEHDER 1.5 CBM-CFS3RESH ALK
Tab. 4 Soil fertility grades of forests 1.5.1 MOSEESREE
TSR FEF R SR /em R R /em MR AR 73 2 BY AT b 0 55 4% 53 A1l 1% BY Richards /5
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1 >20 210 K772, TR EARE 250108
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Tab. 5 Fire hazard level and number of sample plots

involved in the sample plots

KRER
Fire rating TFHUREH L 11 /%

Fn Proportion of
Year 1250 & h&s disturbed

Light- High- Moderate- sample plots

intensity fire intensity fire intensity fire

2005 119 43 74 435
2010 97 28 45 30.9
2015 41 25 29 17.1

2 SHRS55h
2.1

EHE-MIRERSRE

MG BRI RHIE S SR S 2 R R AE
HEEM , (X ARMR I SR AR - AR A T R A
FER o LUSHRETR MBI, Korf 75 RS FHIC R EL
R 0. 479, & 1 Fir. BT BIHHEMESRZE L
SRIRHIE, Rl 73t 4 5. SEBLE BRI
MR RP AT 0. 775 DAL, B TR ER

BT E R .

2501 2501 2501
~ 200f "~ 200} "~ 200f
E £ £
< 8150 < 81501 . 8150} .
EE Eg EE .
=] ] =]
1115;155100- n@bﬁ 100 F @Ej{ElOO-
f‘é = =
A S0F . A S0F ® )=212.677xexp(~29.562x 1 %%%) e 50r -~
4 )=112.456xexp(-410.252x 21) R=0.775 y=201.422xexp(~15.983x %)
0 .‘ 1 R::0.478 1 1 ] 0 1 1 1 1 ] O A 1 ]€:=|0779 1 1 ]
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
MR 7a I 7a MR /a
Stand age Stand age Stand age
(a) FHRER A E B - L A 1 D0 (b) SRR S )35 B3 - AR L A 1 0 (c) FHRATRACHM M ) S A TR RSB T 00
(a) Fitting diagram of volume-age of mixed (b) Fitting diagram of soil fertility grade 3 volume- (c) Fitting diagram of soil fertility grade 4 volume-
coniferous and broad-leaved forest forest age of mixed coniferous and broad-leaved forest ~ forest age of mixed coniferous and broad-leaved forest
El1 #HIERZMERE-NREKSE

Fig. 1 Biomass-stand age growth equation of coniferous and broad-leaved mixed forest



%588

BEE: BOUHRRESERKCATRXFINDH

1005

KA EAR T R R A 3 MR L DL S B TR B -
R U S R B AP IR R 6, AR &
Bik#10. 670 LLE, H& TS E A E AR

TR LS RO B, XL TT R e
FKIAM IR

i B A v M AR DL

#6 ROUHBEMDE

Tab. 6 The optimal growth equations of various forest stand types in Heihe City

RMERTGE

2%
" &R -
VA i) Eidl]
PARE Soil fertility . o Parameters j:2 RMSE  SDE MAE P
Stand types rade Model
8 A B k
1 Richards 187.195 1111 0014  0.853 9903 10276  7.324  0.859
- 2 Richards 171890 1660 0022 0782 14988 15147 11962  0.730
Bl iyl o 3 Richards 160.223 1928 0022 0670 19037 19075 15662  0.588
4 Richards 160.797 2455 0026 0785 14.886 14982 12360  0.549
1 Logistic 183562 9531  0.19 0.872 8840 9450 6303 0941
- 2 Richards 169.123 2467 0048 0786  12.627 12.859 9267  0.920
Quercus forest 3 Richards 275327 1144 0.1l 0937 8342 8414 6832 0929
4 Richards 210.819 1079 0008 0815 17933 17.977 14563  0.659
otk 3 Logistic 155968 11924 0034 0746 13416 13530 11152  0.620
el @labprmes) ot 4 Logistic 261386 66256 0066 0763 17619 18103  13.033  0.625
1 Korf 212746 76945 1168 0831 15456 15756 12753  0.737
AY
IR LA ) 3 Korf 379736 38139 1017 0943 9837 10122 5308  0.949
Larix gmelinii plantation
4 Logistic 238291 27134 0142 0959 12339 12840 9271 0873
1 Korf 175484 860719 2.322 0958 8865 9477 6826 0957
EHER
BRI 3 Logistic 156918 32430 0109 0983 5711 6105 4376 0922
Larix gmelinii natural forest
4 Logistic ~ 70592  57.468  0.115 0.741 8283 8596 6366  0.872
L7L R 3 Logistic 96.451  21.148  0.158 0.813 15.361 15542 13.013 0.685
Populus forest 4 Korf 252133 32169 1Ol 0842 19225 19677 14168  0.718
1 Logistic 156142 3188 0060  0.754 14368 14434 11831 0886
T, 2 Richards 151244 1614 0033 0888 6607 6637 5202 0944
Biressl lleaiad mrizied. fovst 3 Richards 137274 1452 0027 0899 6490 6513 5211 0931
4 Richards 103.881 1422 0021 0705 12581  12.603 10312  0.694
R 3 Korf 212677 29562 1068 0775 15607 16012  13.484  0.883
Mixed coniferous and broad-leaved forest 4 Korf 201422 15983 0736 0779 15027 15213 12898  0.776
B 3 Logistic 318768 89.020 0142 0973 12439 13383 10286  0.650
WISl GRS ifomes 4 Richards 109.685  3.072 0068 0944 6.004 6417 5163  0.856

AR FEANF LD T Bt RIS 7T R
SRMRID I35 2% 3 Frxef L A A

% 0. 983; FMEMR I F155E 4% 3 X% L

B/IN, 0. 670, 1% SIHIENE T R E R E R E

SRR TR A B BRI R AP

fEREER, WMEHRER

TIRE R BR KR 1K
H) R i

M AES ARG NEM AR TH IR SHERTE.

2.2 EYBHEDLLESH

WP (4)—3(7) KPR B A R -2 73 259

BB TS TG4 R AR T—

#*9

Pt — BRI RIRG |, R 5% 22 {22 (residual

deviance , RD) F1757/Z EHEN] (akaike information crite-

rion, AIC) fE PR Fia A , HEUE RN, AR5 2%
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Tab. 7 Bark biomass proportion parameters of different forest vegetation types
AN pirll ici
[Vl Coefficient R RD AlC
Stand types
al a2 33
HEmiA -1.946 202 -0.000 001 0.000 087 0.730 337.763 0 355.763 0
Quercus forest
AR 32K _
Mixed coniferous and broad-leaved forest 2.304 536 0.000 015 0.000 092 0.763 133.858 4 151.858 4
B JE Zx
I R ST A . -1.792 976 -0.000 005 0.000 376 0.702 1188.090 0 1206.090 0
Broad-leaved mixed forest
A -1.100 761 -0.000 026 0.000 870 0.794 119.737 3 137.737 3
Betula dahurica forest ’ ’ ’ ’ ’ ’
L -1.732 339 0.000 018 -0.000 909 0.803 96.840 9 114.840 9
Populus forest
ﬁ_ﬂﬂﬁs&ﬁ -1.063 396 0.000 184 -0.012 105 0.867 32.600 7 50.600 7
Mixed coniferous forest
B A
gﬂfﬁJ\I.?M(“ . -0.847 847 -0.000 022 0.000 603 0.843 93.740 1 111.740 1
Larix gmelinii plantation
B [HHA T ok
‘gml‘i"“%.. 0.421 875 0.004 628 -0.383 908 0.814 48.992 6 66.992 6
Larix gmelinii natural forest
F -1.609 395 0.000 000 -0.000 016 0.722 729.587 2 747.587 2
Bella platyphylla forest
X8 AEHFMEREENDMRENSLLHSEH
Tab. 8 Tree branch biomass proportion parameters of different forest vegetation types
\ 3k 7 o
(VS Coefficient R RD AlC
Stand types
bl bZ b3
HEiAR -1.354 105 0.005 514 -1.076 800 0.730 337.763 0 355.763 0
Quercus forest
FH R 3R
Mixed coniferous and broad-leaved forest 1.753 086 0.000 032 0.023 532 0.763 0 133.858 4 151.858 4
i JE Zx
R ST ) -2.665 424 -0.001 085 0.307 126 0.702 1188.090 0 1206.090 0
Broad-leaved mixed forest
B B
. 2.081 681 0.030 402 2.250 472 0.794 119.737 3 137.737 3
Betula dahurica forest
A -1.682 111 0.000 118 -0.012 945 0.803 96.840 9 114.840 9
Populus forest
YE Zx
ﬁ”(bbxﬁ -1.615 621 -0.000 280 0.041 412 0.867 32.600 7 50.600 7
Mixed coniferous forest
B H A
@UTM}\I.M“ . -3.094 558 -0.009 088 1.612 133 0.843 93.740 1 111.740 1
Larix gmelinii plantation
B [HHA T ok
el Ht&i“‘%_. -1.482 495 0.002 746 0.863 669 0.814 48.992 6 66.992 6
Larix gmelinii natural forest
E R -2.804 232 -0.002 282 0.361 582 0.722 729.587 2 747.587 2

Bella platyphylla forest
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Tab. 9 Leaf biomass proportion parameters of different forest vegetation types
N %ﬁ
oy 2En Coefficient R RD AIC
Stand types
Cl CZ CS

HERA -2.474 698 0.000 375 -0.102 386 0.730 337.763 0 355.763 0
Quercus forest

FHRETR 3R

Mixed coniferous and broad-leaved forest 1.292 435 0.001 054 0.290 428 0.763 133.858 4 151.858 4
R JE Zx

R . -2.398 589 0.000 561 -0.123 583 0.702 1188.090 0 1206.090 0
Broad-leaved mixed forest

AR -2.396 691 0.000 609 -0.080 033 0.794 119.737 3 137.737 3
Betula dahurica forest ’ ’ ’ ’ ’ ’
A -4.913178 -0.009 903 1.722 020 0.803 96.840 9 114.840 9
Populus forest

JE 2

%‘I‘F‘l‘huxﬁ -0.995 931 0.001 338 -0.321 289 0.867 32.600 7 50.600 7
Mixed coniferous forest

B HH

@Uf&}\lﬂi” . -2.073 304 -0.007 644 1.137 926 0.843 93.740 1 111.740 1
Larix gmelinii plantation

W [HHA T SR

el IH.‘%%““_M__ -0.638 918 0.005 992 0.322 038 0.814 48.992 6 66.992 6
Larix gmelinii natural forest

B -3.265 876 -0.000 694 0.099 270 0.722 729.587 2 747.587 2

Bella platyphylla forest

Rk, HRTRIAE, A ARENRE R R
7£0. 702 DA_E(P<0. 05) , BIAZ] T 2 KSE A4 B4
BRGE, —ERRE LREtE iR R A R LR B,
ERFEM SR A= LA SBE R ARES, WE
AR | HMRFR SR B S 82 ST A T [ — MRy 2R 8
N B YRR & LA B ] Wiz SRR -
YR IS ES HAEALZ R ER , I BH 7R PR

2.3

ety ZINESESST AN L E NEIR

Z10 2005.2010. 2015 FRABHAFRANR S LXBEBESERARZEKR
Tab. 10 The total ecosystem carbon density of different forest stand types in Heihe City from 2005, 2010, 2015
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Stand types

2005 2010 2015
HHERR
Bella platyphylla forest 213.40 2124 2377
HEmIAR 266.90 262.96 314.20
Quercus forest
FF FE VR 32K
Mixed coniferous and broad-leaved forest 170.07 2L )
& MR 32 PR
Broad-leaved mixed forest 263.77 268.94 2727
FEHER
Betula dahurica forest 229.86 28771 25055
ek 149.21 150.84 142.89
Populus forest
e 275.90 24162 224.68
Mixed coniferous forest
S [ AN
‘guﬂA)\I%,, . 238.08 181.69 253.91
Larix gmelinii plantation
S [HHA T R
AR 32211 203.55 217559

Larix gmelinii natural forest
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Fig. 2 Biomass carbon densities of main forest types in Heihe City in 2005
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Tab. 11 Carbon-containing gas emissions caused by fires in Heihe City from 2005, 2010, 2015 tC
Y ERE B MR 5
Biomass carbon pool DOM carbon pool
EH P P HHEM R
Year Total emissions
Co, co CH, Co, co CH,

2005 2.69 0.27 0.03 244.84 18.69 2.25 268.76

2010 1.94 0.19 0.00 176.81 14.00 1.69 194.63

2015 1.08 0.11 0.00 98.17 6.57 0.87 106.80
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Fig. 3 Carbon density of different stand types in Heihe City in 2005
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