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Spatio-temporal characteristics and applicability of carbon source/sink in Yunnan

Province based on BEPS model
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Abstract: Net primary productivity ( NPP) and net ecosystem productivity (NEP) are important indicators for estimating
the carbon source/sink of terrestrial ecosystems. NEP is the net carbon absorption of vegetation ecosystems, which can
quantitatively describe the carbon source/sink capacity of vegetation ecosystems. It is great significance to analyze the
spatiotemporal variation characteristics of NPP and NEP for scientific assessment of carbon source/sink function of
terrestrial ecosystem and carbon emission trading, because Yunnan is one of the main regions of carbon sink in China. Based
on the boreal ecosystem productivity simulator ( BEPS) of gross primary productivity( GPP), NPP and NEP products from
1981 to 2019, the spatiotemporal variation characteristics of NPP and NEP and their applicability in Yunnan were studied

by using linear trend analysis, literature comparison, and other methods. The results show that; (1) the NPP and NEP in
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Yunnan fluctuated horizontally from 1981 to 1999, and increased significantly after 2000. The average values of NPP and
NEP per unit area from 2000 to 2019 were 739.0 gC/m” and 70.1 gC/m”, respectively, with a total amount of 0.291 Pg C/
a and 0.028 Pg C/a. Compared to 1981 to 1999, it increased by 12.4% and 150.4% respectively. The high value areas of
NPP were mainly distributed in the west and south, most regions had an annual average NPP of over 700 gC/m’, while the
NEP were mainly distributed in the eastern and partial western from 2000 to 2019. (2) During the 2000 to 2019, most
areas of Yunnan NPP and NEP showed an upward trend, except for the northwest, where NPP showed a downward trend.
(3) The peak value of NPP occurred in July or August, and the valley value occurred in February. The month of NEP peak
occurrence was basically the same as NPP, but the valley month was delayed 1-—3 months. June to October were the main
months of carbon sink. (4) The NPP simulated by the BEPS model was consistent with the widely used Carnegie-Ames-
Stanford Approach (CASA) and remote sensing models, and the spatiotemporal change characteristics were conformed with
the ecological restoration measures and climate characteristics of Yunnan. The simulated NEP was same as the integrated
biosphere simulator ( IBIS) and the carbon and water flux observation data of ChinaFLUX. Most of the spatiotemporal
changes ware also basically consistent with the ecological restoration measures and climate characteristics of Yunnan,

indicating that the BEPS model had good applicability in Yunnan.

Key Words: boreal ecosystem productivity simulator; net primary productivity; net ecosystem productivity;

applicability; Yunnan
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Table 1 Information related to the data used in this study
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Spatial Time
Data Format . . Scope Data phase Data sources Notes

resolution resolution

. T H RS A AR
BEPS  GPP NPP NEP img 0.073° H e 1981—2019  http://www.nesdec.org.cn i;‘; BRI A
R https ://www.ntsg.umt.

MODIS NPP CeolIFE 0.0083° 4 SE 2000—2015  PE/WWWRBEUNL v h 193 e

edu

P Mok
Average temperature xls H AE ~H 1981—2019  mHAEHER L
and precipitation

=i 125 MERRIEA
K4l

BEPS. dt 7 B A R 45 A 7= S1H 40l £ Boreal ecosystem productivity simulator; GPP; BATHA TR Gross primary productivity ; NPP B 26 A= 72 J7 Net primary
productivity ; NEP .1 E 2 REGA: 7 11 Net ecosystem productivity ; MODIS ; 3 HER BEOGIE{X Moderate—resolution imaging spectroradiometer
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Fig.10 Monthly change of NPP and NEP in Yunnan from 2000 to 2019
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Fig.12 Monthly average NPP distribution of Yunnan from 2000 to 2019
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FAR HHTCT NPP AR5 B2 L ARE RS 40 2 (AW K = p 28 [ NPP it iR, TR =
A0 BETF CASA BERIE S 2015 4E = HF NPP N 0.317PgC/a, A UK T BEPS A8 A0 =7 2015 4F NPP i
0.312PgC/a , BT AR 1.6% ; 25504 75 CASA FEBUIERN FA554 /9 2001 4E =8 NPP g 0.222PgC/a, A
5% BEPS fAUfE 5[] NPP 4 0.275PgC/a, BT & 55 23.8% ; i 2= ¥4 457 36 TS 45 A 7= i A A 3
1960—2000 4F = -2 NPP g 0.19PgC/a, 23 1981—2000 4E BEPS #EAUE AL Ky 0.07PgC/ a, BEHiT # I ik
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Fig.13 Monthly average NEP distribution of Yunnan from 2000 to 2019
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Table 2 Comparison between BEPS-NPP and other studies of Yunnan

= NPP 4E A3 NPP 4R
X 35k Rl A} Bt S/ (PeC/a) ik S/ (PeC/a) #i
Area Time Annual average Method Annual average Notes
NPP of Yunnan of NPP in this article
Zpglol 2015 0.317 CASA 0.312
4 [ 136 2001 0.222 CASA 0.275
=gl 1960—2000 0.19 AEA TG IR 0.07 ANy 1981—2000 4
= 2000—2015 0.351 GREFI A AY 0.281 MODI17A3

CASA ; RN FE SR -Wr AR K] Carnegie-Ames-Stanford Approach

HHETHZ NEP BFR 2 AT NPP MR Bk i (S0 B  FEK &5 T3 a ML B ) 13 )y B 5am
1% (HASIR] NPP SCg A A 5 A2, 330 NEP AL B 45 RAFFE W i 22 5, gk o5 4511 sl 0 ke JEUss o o
JE o m NEP S 24P {E R 0.127—0.194PgC/a, i AL SCHI I BEPS AU A [R] I NEP 2247 ¥ {E AL
47 0.028PgC/a(70.1gC ma™") (£ 3) ,{CH FRBIRIE) 14.2%—21.6% , {H BEPS #5571 547 S fiF 2+ 3 T il
H A= Py RS TR (IBIS ) Al 11 1960—2006 4F- 1% NEP 4554 (16—55¢C m™a™" ) #4225 [l 43 A B R AR — 3
5 2003—2005 45 rf [ 3 U IS5 156 B ( ChinaFLUX) 5 7K 5 25 ol U0 50 B ) b A g e il . R 2y it
R FH RSl Bl A AR FIAR AL (AVIM2) il Cao 55 R HIZE 25 R GE WL IR AL ( CEVSA ) BE48LAY NEP {8 i 55 .
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SR, BEPS UG R A NEP AbFHr a8, sbsh
BEPS #5554 NEP (5§ GPP NPP [ {5 £ 4F S 2 (5 43 1] g
8.1% K1 9.1% , fu] BEARAE) I F SOk Ik A TR [ 57 4~
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A IR, NPP A fadi s = p SRR AR 2201 46 0] A5 D) 58 4 0 7, 456 i DA, R, 728 £k i 34 ) ik —
HIGUE TR ok 5 R, S IEAEmRLEE
M NPP FI NEP RS (A2 AL FFIE R, ANFTATIA (A 3C 2.2 9) NPP 1 NEP10 HJ5 F 7R [6] P4 1 5 )32
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2% IR, BEPS BRUAL (%) NPP I NEP A {5 BEHR 5 | 75 25 1 ELA Be U i v .
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Table 3 Comparison between BEPS—NEP and other studies of Yunnan

NEP 414 NEP B4

il B 3
i‘h’?&m ,TLEX Annual average NEP/ Annual average of ﬁﬁ J
o e (gCm™2a™t) total NEP/(PgC/a) etho
s 0 AR R K R ] )
PO H X 1 2000—2020 493 0.194 CAiA LR RS
I
[ JHRE f&k B i g i
4 L2) 2000—2015 304 0.127 R \£¢7k£ﬂ]j: A LR % (]
By
yH RBF =N o 8% {E
A 1] 2000—2018 418 0.165 {mgfﬁki*ﬂi%ﬁm&ﬁgﬁ
=I5
e 2000—2019 70 0.028

SCHRL 12 ] e [ B 5 GE T 4R

3 Wit 5%ie

31 g

(1) FEA MR TREXS 2 B BRI AE 1 AR IR 5 18T, 2000 4F AT, 2+ Fg A S0 3% [ VG B 3t X 32 AKX R A1
FEHL 2 T RN S AR AE BRI B 1981—1999 4E NPP I NEP S /K F-I% 819 55 . 2000 4E )5 Bl K
PR TARRA SN, = F TR TIR AR B EMEAESWE TR, MIZE R SR E Mol A28 TR RS2t 78
RKFREE AR HE T 2B NPP Fl NEP [ it 3E 0 T 2 bl A 745 28 G0 B AR P R &2 i sk W i, T) b 3%
WA S TR = B S a1 £ 24

(2)2000—2019 4, v NPP Fll NEP AR 80 i 3 T %, Bl Th e R Wi o, X 5 2 WF o0 45
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from 2000 to 2019
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Fig.17 Annual average temperature in Yunnan from 2000 to 2019 Fig.18 Annual average precipitation in Yunnan from 2000 to 2019
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