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Analysis of Effects of Climate Change and Gahai Marsh Meadows
Degradation on CH, and CO, Emissions Based on DNDC Model
AN Na, MA Weiwei, DU Jianan, YAO Yao, CHANG Jiachen, LI Shuzhuo

(College of Forestry, Gansu Agricultural University, Lanzhou 730070, China)
Abstract: [ Objective] To investigate the long-term effects of climate change and marsh meadow degradation on
CH,and CO,emissions. [ Methods] Measured CH, and CO, fluxes from undegraded, mildly degraded,
moderately degraded, and severely degraded soils in the Gahai Wetland on the northeastern source region of the
Tibetan Plateau were used to validate the DNDC model. Carbon emissions from degraded wetlands from 2025 to
2055 were then predicted under two future climate scenarios (SSP2-4.5 and SSP5-8.5). [Results] 1) The DNDC
model accurately simulated the dynamic variations in soil CH, (R*>>0.67, NRMSE<C0.34) and CO, (R*>0.70,
NRMSE<C0.21) fluxes across four degradation gradients in Gahai. 2) The sensitivity index (SI) was an
indicator used to quantify the sensitivity of model outputs to variations in input parameters. Sensitivity analysis
of meteorological factors showed that temperature was the most sensitive factor influencing soil CH, (SI=1.19)
and CO, (S1=0.78) fluxes. Under variations in precipitation and atmospheric CO, concentration, the SI values
for CH, were 0.07 and 0.15, respectively, while those for CO, were 0.12 and 0.10, respectively. 3) Future

climate scenarios showed differences in carbon emissions across wetlands with four degradation levels. Under
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the SSP2-4.5 scenario, CH, fluxes were projected to increase annually by 0.4% to 2.2%, and CO, fluxes by
0.3% to 1.1%. Under the SSP5-8.5 scenario, CH, fluxes were projected to increase annually by 0.6% to

2.4% , and CO, fluxes by 0.2% to 1.9%. [ Conclusions] Under future extreme climate conditions, undegraded

wetlands can effectively reduce soil carbon loss, while severely degraded wetlands have largely lost their

hydrological regulation capacity. The findings provide a theoretical reference for the protection of Gahai Wetland

and climate governance.
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Table 2 Parameters of soil physicochemical properties and

vegetation physiological characteristics in DNDC

model of different vegetation degradation gradients
in Gahai wetland

Sl i At

ND LD MD HD X#

FIEARF R /(geem ™) 036 0.39 0.61 0.56 M
+ 4 pH 7.90 7.79 7.77 7.76 M

H ] 57K 5 (0~1) 0.96 049 0.32 021 M
EEHO~D 0.26 0.26 0.26 0.26 D

- HEALBE (0~D 0.29 024 028 023 M
TP/ (kg kg ) 0.053 0.042 0.036 0.033 M
EEAA/ (mgekg D 6.66 6.15 4.67 3.67 M
AR/ (mg-kg™ D 459 530 6.41 823 M
ARAEWHR/(kg-hm %) 3559 2930 1857 764 M
ETAR/(kg-hm %) 179.25 158.93 128.27 96.5 D
FERLAEY) & C/N 10.43 852 831 6.23 M
5224 C/N 53.6  38.8 324 286 M
AR C/N 48 40 35 32 M
Fkd/(g-w-g 'DM) 200 200 200 200 D
A dE R RE /°C 20 20 20 20 D

T < ML D 43 391 52 B k(6 A BRI
1.4 DNDC##

DNDC #5121 J2& J F 3o 72 (%) 2 9 b 2R A 2 B 7,
B W2 DLy il A R RS A A T oy 32 0 78
FAOM AT R G ik ALY s BR A F G IR
BV R R RS A S RS, HAE
W b I 5 B N G R ) TR TR A HE
D¢ A B A AEL L K S A ) 7 DY A 4 22 A K
DNDC H W K 3 20 B« 55 — 30 40 AL 45 + 3 <k A
Bl A KA A HLR 2 3 TR R AR A UK Bh
PRl CRPA M | 598 B S NS0 D) Sk 40 1 1 3R
B A5 CRI 330 B2 K 43 R B AU Ak A T R 67 K
HH &AL 27 IS P v BB B 5 5 R A B S S AR VR
A AAE I S R BEAE T 34> A0 B4 1 R PR 4 4%
PEX R E TR S g A - IR G R
i (CO.) H BE(CHY V8 (NH) AT A (NLO) |
—SHALE (NO) B AN W HER . 2k 64> F 4
TR H 22 1) B 1, S 30 38 06 b S B 15 450 A -

- 358 1a] k2 BN B T, X IR AR S R G T s &
J HL A AR R AEH

A A DNDC B8 9.5 Ji AS |, i A b B A< fe
B | A 5 B A0 M T RN A B A B AR AE 19 AH OC S 40
DNDC # # {iff F i 75 226 2 804 b Ak, PR, AR 40 3
I XS 4 7 B0 il 2013 4F 2 0 808 K 10 A4S 280
PEATREIE , ™A% A0 F 0 57 (%) 2014 45 5040 56 31F A 7Y
PR, RIEFESHLE 2,
1.5 SREREE

A SCH] bR RS A R B RIS 6 B B
(coupled model intercomparison project, CMIP6) 3
T FGOALS-g3 15 74 1 I 45 2] (1) 7 o 1 50 i 50 £
23 ] 43 P K 250 k', CMIP6 A5 X 2 44k 22 ol A
7 SOOI B A R S AR A . SSP1~2.6 4% # I HE ik
B A S i 4 BR T R AL R R R AR AR R HE R T 1 R
e MM N, SSP2~4.5 & T 45 R o 5 38 % 2 SSP2
FIRCP4A.5 2 &, AR FR —Fh - o W] 30 [ 7 & J 6 4%,
R S A Fp B2 (A A i (915 57 7 5 SSP5~8.5 J& i &
o 30 PR A2 SSP5 R RCP5.8 Y414, iz e — b 28 3%
e 2 1 v HE TR A%, 1) 2100 4E Ny 8 5 5030 4 ) ik
2.6.4.5.8.5 W/m. SSP1~2.6 WM& HEMHE 53 T 4k
NN BRAE AL, T SSP2~4.5 F1 SSP5~8.5 8 55 H & Al
e i 1 W 28 B I A AR AL IE S, Al AR b R RN R
AR AR R T R, AR B 5 ik SSP2~4.5 i
SSP5~8.5 1% 5t , o WA R AL T Iz /Y ] g
Pk o 3% H 1995—2024 4 i 8] Bt , 3 56 b B 0 1) s iy
ARGl SUBHE R AR A ER S E0E W Chaps://
data.cma.cr)L 35 H f5 i/ U H SRR H FRK &
A R L AE O BRI AE . 1 2025—2055 4F
CMIP6 Z 4% 5 BUE (SSP2~4.5/SSP5~8.5) ¥4
£ R B E 5 R IR E)E ol Chittps: //data.
tpde. ac.cn) o R R M 4G Ol v HOE 8 B
NetCDF £ 4 [ # B35 (0.25° < 0.25°) o 2R F Wk
A T R AE ArcGIS Pro 45 45 S 42 N1 B dis W R
ek % 1 km X 1 km MRS RS, JFifE— 206 FL 4k
DNDC BRI ESR AR BE % . w8 1A, 1995—
2055 4 - B AR P B SR S a3 . SR
JE£ RN R K B 52 2% 5 S A L, R SR COL B 1 A8 1k L 1
nEa# . CO,L M FE 2000 4E 28 724.3 mg/m?, B 1
2055 4E 6435 %) 950.6 .1 051.5 mg/m”,
1.6 HiBEBHH

AR SCR 50 XS I (B 5 A U 2 AT X L 4 A
DL IE DNDC BB (135 B P o #4540 25 37
o A BIE 5T SR s 2R BCCRD A — b 1 07 AR 22
2AHE AR, DL UE A AR 38 A . THRA R

http. // stbexb.alljournal.com.cn



E1W TR < 3 T DNDC B A A3 B S A A8 Ak RN 2206 18 3 7 3B Ak X CHL A CO, HE il i 52 1 191
‘ (Omax - Omin)
> (0,—0)(P—P) 0
. =\ O : e (4)
i e = | ¥ (Fuo = Fu)
[ (0—o0) /sy (r—P) 7
7 — R o Fon 50900 0 i A S 800 B KA A B /M F
/ >(p—P) 5 P Fo 17 3905 5 O O 53 18 57 F Fp Fi
NRMSE = n (3) F o 5 TR0 i 8 A 1 5 KB AR /M 5 O Oy s O 1

Onax — Omin
X PO i A 5 O 5 i A ST 5 P ol
PUIE 19 F ¥ 5 O Sy 52 00 (8 09 7 4 5 n B BE AR 25
5 Oy A 2 E B Fie KAH 5 O 9 52 TN A 7Y £ /D
B MH BT R>>0.8 B IA J L& 1 B & i
NRMSE 9 55 {8 /N | 0] 3= 7R A58 400 45 2 5 50 B i 10
Mz

900 -7
16
_s00f oo P %0 ° o0
o o %0 o o 150v
e ° o O ab o¥o &
§700- 5o o P & 68 xowm 4=
A A oF 0 {
= A g M 8 a0 BR A0 A %%A “r:
E oo PP o md Bomopa e 38
Jz% “b °%% oR O AR T &
= o © o o 2 M 12
500 © o .
0©° ° 7
1 1 1 1 1 1
400 2000 2010 2020 2030 2040 2050 0
Epy
O JJ7 5 Rl A& P LA

A SSP2-4.5° )<k
A SSP5-8.5° )ik

0SSP2-4.5 %R &
OSSP5-8.5 %

B1 BhESEBESKRSEZHETAES
Fig.1 Variation trends between historical and future
meteorological data

LA 2013 4F [ BLADL 45 HAE Sy St 18 5%, R U
18 B (SDARAVTA FEA LG E I X CHL I COL R 52
M. DNDC 25547 H b S HORAS | 38 2 78 1
A3 FEL PN RS BRSSO AT o THEE AR

FBIE o ST XHE B K, 3875 2 8028 Ak 0 58 7 i
B 5 W R 5 24 ST>0 B, DL AE SR 5 vk e SRR
TEAH G, Y STI<TO B, 28 W A7 7 £ ) OCHE, B 2 4004
SEUBE R g D 2 SI=1 I B R S A S
B A4 L — 2

i Excel 2021 3% B #4731 8 B 2, A ]
SPSS 26 4%+ CH, Al CO, 7E 47 A 8] 4 9 R 1k A 1
FIUA [a] 4F 453 ] 19 84 [ & (One-way ANOVA) J7 2543
BT, >k A Origin 2021 #fF#E 47 225 1] A W 58 504 o °F
P+ bR e
2 HRE5SH
2.1 #RBIIIE

211 RFEMAMRBAHELTR®LCHEBZEMNESL
BB 270 1 AN ) AR R 86 B CHL HF 8

WAL WLE 2. ND. LD . MD . HD /) CH,
ke 38 B S0 4E 43 1) A 0.007~0.727 ,0.001~0.276
—0.007~—0.040 . —0.001 7~—0.049 7 kg/Chm*+d) ,
B E 43 51 R 0~0.51,0~0.22, —0.002~ — 0.050,
0~—0.001 kg/Chm**d) o —fHIWibREN R, R*Hk %
i1, NRMSE {8 /]y, 15 B AR R P g 4 . Frp 0<<
NRMSE<C0.1,0.1<XNRMSE<0.2.0.2<<NRMSE<Z0.5
AR AE BT R A — M. R 3 A, CH,
S04 5SS UL A SF- 34 HE R AH 2548 K, CHL B HUL{E
55 SEINAE £5 B8 A0 BE R A OC R AR 0.67~0.93,
NRMSE 7 0.10~0.34, 136 B DNDC £ % fi§s 5 4 1 15
L CH, 3 19 2 & 28 1k .

-0.06 - (b) MD-HEHUE
MD-SEJIHE
_—0.05} _ e o — HD-IEHIUE
) B 6] of HD-52
o [l N 9@ 1
‘E 0.04 | ‘\?¢ ;NU N [‘ [ N A[wfs |
= ‘ | 1 dh(\ ol R { b
M | N | 1T
%‘070'03- ‘ : " ?95" ‘bo“r@%' o“':'\
5 ; { La o # " | 0
-0.01F o (el ©
i l
1 1 1 1 1 ° 9 1 1 1 1

P P N X P PN RSP
2 - o 2 - e - S &/ k’
EOENENCENSINCRNNNANR

H (F-H)

B2 20132044 KELREEREBUYEE CH,EERMES SN ENSEUEE

067 (@) o —— ND-HHE
0.5 o ND-SEJU{E
=~ — LD-FHE
T 04} o LD-SZll{E
£
= 03
on
2
%ﬂ 0.2
= 0.1
Q
0.0
B e e g
SNBSS\ LIPS\ LIPS\ RS\ PR\ SR\ A\ LA\
"},Q\ﬂo "LQ\’B qp\"j (LQ\") (’9\") @Q\b‘ ’),Q\b‘ ’],Q\b( "LQ\D‘ N I
H I E-H)
Fig.2

gradients during growing seasons from 2013 to 2014

Dynamic variation characteristics of simulated and measured CH, fluxes under different vegetation degradation
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