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Forest change and its impact on the quantity of oxygen release in Heilongjiang

Province during the Past Century
ZHANG Lijuan” ,JIANG Chunyan,MA Jun,ZHANG Ankang,JIANG Langi, WU Shuang

Key Laboratory of Remote Sensing Monitoring of Geographic Environment , College of Heilongjiang Province ,Harbin Normal University ,Harbin 150025, China

Abstract; Through recent extensive studies on air quality, researchers have paid more attention to changes in oxygen
content in the atmosphere. Studies show atmospheric oxygen in the lower atmosphere has a slow diminishing trend. The forest
ecosystem is an important source of carbon sequestration and oxygen release, so, oxygen content is directly impacted by the
change of forest area. Therefore, it is essential to examine the deforestation process and evaluate its impact on the changes of
oxygen content in the atmosphere. Heilongjiang Province is the area in China primarily focused on forest resources and
coverage , however, during the past century approximately 37.163% of the forest area has been converted to other land uses.
We selected Heilongjiang Province as the research area, as it provided greater significance to study the variation of oxygen
content in the atmosphere due to the estimated change of oxygen release caused by deforestation. According to historical
references and remote sensing image data, we rebuilt the forest spatial distribution of Heilongjiang Province in 1900, 1949,
1986 and 2009. Using the C-FIX Model and carbon-oxygen balance method, this research simulated and analyzed the
quantity and changes of oxygen released by the forest ecosystemof Heilongjiang Province. Analyses of the results suggest four

major conclusions. First, the forest area of Heilongjiang has decreased by 106667.570 km’, or approximately 23.568%
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during the last century ( 1900—2009 ). Except for Pinussylvestris var. mongolica forest and Coniferous and broad leaved
mixed forest, the geographic areas of all other forest types have decreased, within which the areas of Piceaasperata and
Abiesnephrolepis forest and Pinuskoraiensis forest have decreased by more than 80%.Spatially, significant forest loss can be
found in the Songnen and Sanjiang Plains. Second, during the last century, the quantity of oxygen released has been
reduced by 56.2156 million tons, or approximately one-third of that in 1900. The oxygen production in the Southwest was
the highest in 1900, but became the area with the lowest production in 2009. Moreover, a significant decrease of forest
oxygen production occurred in the Sanjiang Plain. Third, the quantity of oxygen released from almost all administrative
regions of Heilongjiang presents a decreasing trend, with the exception of Yichun. Among these regions, the quantity of
oxygen released has reduced more than 90% in Daqing City and Qigihar City; over 50% in Jiamusi City, Suihua City, and
Jixi City; over 25% in Shuangyashan City, Qitaihe City and Heihe City; less than 10% in Daxinganling Region and
Mudanjiang City. Fourth, during the past century,the total amount of oxygen released by Picea asperataand Abies nephrolepis
forest has reduced by 91.855%, 78.905% by Pinuskoraiensis forest, and by 25.043% and 23.936% by deciduous mixed
forest and Larixgmelini forest, respectively. However, the total amounts of oxygen released by Coniferous and broad leaved
mixed forest and Pinus sylvestris var. mongolica forest increased by 20.356% and 48.209% , respectively. Piceaasperataand
Pinus koraiensis forest released the most amount of oxygen per unit area; Larixgmelini forest and Pinus sylvestris var.
mongolica forest released less. Finally, the results of the control experiments suggest that forest oxygen production in
Heilongjiang is only approximately half of the amount in 1900.Moreover, forest degradationdue to human activities is one of

the major factors that leads to the decrease of the quantity of oxygen released.

Key Words: forest change; quantity of oxygen release; centennial change; Heilongjiang Province
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£ 1 48°—49°N & A 7Rk NDVI
Table 1 Monthly NDVI of different forest types in the latitude of 48°—49°N
H 1y Month
I Forest type
3 4 5 6 7 8 9 10 11
LIAMMK Pinus koraiensis forest 0.2912 0.3482 0.6096 0.8571 0.8328 0.7749 0.7090 0.4707 0.3321
PEHFABK Larix gmelini forest 0.1928 0.2681 0.5413 0.8523 0.8350 0.7745 0.6786 0.3715 0.2269
=BT Picea asperata and Abies nephrolepis forest 0.2527 0.3365 0.6008 0.8526 0.8447 0.7649 0.6993 0.4452 0.3111
FETAK Pinus sylvestris var. mongolica forest 0.2598 0.3229 0.5840 0.8461 0.8187 0.7596 0.6921 0.4434 0.2915
A FETRAS AR Coniferous and broad leaved mixed forest 0.2818 0.3388 0.5956 0.8548 0.8292 0.7733 0.7038 0.4530 0.3108
&R AZMK Deciduous mixed forest 0.1725 0.2601 0.5318 0.8308 0.8282 0.7672 0.6711 0.3713 0.2214
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Table 2 Description of parameters in the C-FIX model
ZH =94 HUE B 8 BX W Hf
Parameter ~ Significance Value Unit  Parameter  Significance Value Unit
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T H 35508 K T, H 35508 °C
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4.1 BIpITAE BRI A K s [ AR Ak

RIEVTAE 1900—2009 4F- 2R AR 1w B A R 22 08 /D
HEFE B E AR T 10.667 T km®, FRME %
R/ T 23.568% , KPS RBRAR RS A fie 22, 2408
BT 94.673% (3 3) . 25 ] b LAAAIBOT IR A =1
SR (B T)

®3 BRIEHFMEREL

Table 3 Change of forest areas in the Heilongjiang Province

AFHIX. A Areas/km? A ATIEIX T Areas/km? W
Administrative Decrease Administrative Decrease
division 1900 1949 1986 2009 rate/ % division 1900 1949 1986 2009 rate/ %
KM 56729.425 56664.340 52146.890 44655.934 —-21.283 XU 1 12987.010 9166.865 7328.386  7922.788 -38.995
HEH 30257.183 30670.840 23754.310 24930.616 -17.604 pLAili) 14263.712 7333.390 5761.247 6083.324 -57.351
I IR I 32686.656 25756.552 20537.158 22529.469 -31.074 FEART 14885.318 7195.127 5539.874 3873.499 -73.978
i 7554.764  6218.768  5254.766 4922.680 -34.840 a4k 16161.840 6674.070 4380.125 4618.782 -71.422
HPHT 33394.696 30228.604 26929.261 26768.776 -19.841 FFIFA IR 7695.127 1144.739 913.706 906.444 -88.221
fes) 49803.650 36879.624 29326.712 30194.296 -39.373 KPR 6412.986 36879.624 99.703 341.615 -94.673
R eat) 4192.208 3440.762 2873.710 2608.782 -37.771 B 287024.575 221840.900 176920.400 180357.005 -37.163

FrhiE /b Fh 1900—2009 4E ZRAK 1 AR k5
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HIPITAE 1900—1986 4F[BRFE FAAMK EFRETRAS AR LA AR AL DRI 80% (£ 4)
AT Frsi s, Hep ot g R b o =%

F4 BRIEFAEHREEREEETNE kn?
Table 4 Change of area for different forest types in the Heilongjiang province

TR ERAYIN

Picea asperata Pinus sylvestris LLAMK AL IR E TR
) Year P . Jive . Pinus koraiensis Larix gmelini Deciduous Coniferous and broad
and Abies var. mongolica . .
. forest forest mixed forest leaved mixed forest
nephrolepis forest forest

1900 15891.118 3172.865 37302.785 61797.674 153505.370 15354.759

1949 8252.843 2664.037 19197.128 58991.116 109969.639 22766.157

1986 1125.928 3419.048 7035.549 42777.445 105461.010 16303.671
TR/ /o
B/ % -92.915 7.759 -81.139 -30.778 -31.298 6.180

Decrease rate

42 BIITA 20 A HRMATRESMEIR IR ENRR) LLES M A C-FIX #HR,

ot T NEP, BB ORI . SR ArcGIS 2 [0 5T
4.2.1 BAAA TR AL A (8] o A THIIRETHE 45 A BAE BRI (R 5) L 4F

4 1900 4 (1949 4F 1986 47} 2009 4 HEHR. AARGEZ B A nE 8—Kl 11,
W HAFE 58 5 (4 A SE AR ) L co, e

x5 BRILHEEHRMNESEHERMER(10)

Table 5 Simulated results of oxygen release in forests of the Heilongjiang Province in 1900—2009

A H 1} Month I
Year 3 4 5 6 7 8 9 10 11 Annual total
1900 67.622 403.793  2209.667 4951.906 5229.030 4836.383 2739.034  475.995 58.474 20971.907
1949 45.431 354.483  2288.604 4602.830 4760.323 3766.342 1629.043  369.017 40.805 17856.964
1986 30.709 261.387  1733.546  3928.202 3740.356 3099.180 1681.427  271.543 28.501 14776.054
2009 49.522 313.586  1917.915 3334.077 3968.617 3615.644 1846.385  269.542 35.054 15350.343
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Fig.7 Change of forest area in the Heilongjiang Province from Fig.8 Spatial distribution of total annual oxygen release of the
1900 to 2009 Heilongjiang Province in 1900
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Fig.9 Spatial distribution of total annual oxygen release of the

Heilongjiang Province in 1949
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Fig.10 Spatial distribution of total annual oxygen release of the

Heilongjiang Province in 1986
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Table 6 Changes of oxygen release in different administrative divisions in the Heilongjiang Province during the Past Century

TTBX AR Oxygen release( x10* ) Ak ATELIX AR Oxygen release/ ( x10* t) W
Administrative Decrease  Administrative Decrease
division 1900 1949 1986 2009 rate/ % division 1900 1949 1986 2009 rate/ %
KR 582.904 0 10.109 20.423 -96.496 ) 3829.228 3181.917 2523.555 2833.676 —25.999
FFFFMIR 664.312 109.100  81.141 72.433 -89.097 165 i<i 578.123  543.311 450.333  441.986 -23.548
FEARHT 1072.91 623.271 472252 330.655 -69.182 I IR 2701.851 2379.568 1880.472 2255.278 -16.528
24k 1386.593 628.530 406.911 482.854 -65.177 KMAWy  3037.534  3409.736 3295.367 2754.864  —9.306
pLTi 1030.339 641.479 483.237  510.848 -50.419 HEFHT 2544.448  2599.748 2298.391 2385.527  -6.246
UG 1L 921.746 790.335  602.377  680.901 -26.129 ik 2311.748 2651.208 2026.009 2351.636 1.725
L/ 310.171 298.761 245.900  229.262 -26.085 ) 20971.907 17856.964 14776.054 15350.343 -26.805
F7 ENBBAERESERE
Table 7 The unit area oxygen release of different forest types
BIRIH Lo e
\ ZRM e SrhH bk A E A
A Picea asperata , . . Lo . L. . . .
. Pinus sylvestris var.  Pinus koraiensis Larix gmelini Deciduous mixed Coniferous and broad
Year and Abies . .
. mongolica forest forest forest forest leaved mixed forest
nephrolepis forest
1900 7.922 5.221 7.765 5.878 7.760 7.207
1949 9.062 5.747 8.890 6.431 8.640 8.553
1986 9.107 7.180 8.686 6.459 8.466 8.169
P34 Average 8.697 6.049 8.447 6.256 8.289 7.976
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