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Quantifying Carbon Budget of Winter Wheat — Summer Maize
Rotation System in Huang — Huai — Hai Plain

Duan Yupeng'® Ding Shuogiu'? Hu Yuxin'? Feng Hao™’ Yu Qiang’* He Jianqiang'*’
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid Area, Ministry of Education
Northwest A&F University, Yangling, Shaanxi 712100, China
2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxt 712100, China
3. State Key Laboratory of Soil and Water Conservation and Desertification Control, Yangling, Shaanxi 712100, China
4. Key Laboratory of Eco-environment and Meteorology for the Qinling Mountains and Loess Plateau
Shaanxi Provincial Meteorological Bureaw, Xi’an 710016, China)

Abstract; The Huang — Huai — Hai Plain is an important agricultural production base in China.
Accurately quantifying the carbon budget in agricultural production could provide a scientific basis for the
agriculture development in China. The Biome — BGCMuSo model was used to simulate the gross primary
productivity ( GPP) , ecosystem respiration ( RECO ), and net ecosystem productivity ( NEP) in the
winter wheat — summer maize rotation systems of the Huang — Huai — Hai Plain in period of 1981—2100,
and their spatiotemporal change trends were analyzed as well. The results showed that after parameter
optimization through the differential evolution algorithms, the simulation accuracy of the Biome —
BGCMuSo model was high. The determination coefficients (R*) between the simulated and observed
daily values of GPP, RECO, and NEP were 0.80, 0.64, and 0. 68, respectively. And the R* values
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were 0. 92, 0. 73, and 0. 83 at monthly scale, respectively. In historical period of 1981—2020, the average
annual values of GPP, RECO, and NEP were 1 682.40 ¢C/(m’ - a), 1 293.12 ¢C/(m’
380.28 gC/(m’+a), respectively. Among them, GPP and RECO were increased significantly, but NEP was

+a), and

increased significantly before 2000 and then changed insignificantly. In future period of 2020—2100, the
average annual values of GPP, RECO, and NEP were 2 015.75 gC/(m’+a), 1 613.06 gC/(m’-a), and
402.69 gC/(m’ - a) under the SSP245 scenario, while they were 2 144.67 gC/(m’ - a),
1729.52 ¢C/(m’+a), and 415.15 gC/(m’+a) under the SSP585 scenario, respectively. GPP and
RECO showed obvious increasing trends in the future, while NEP showed a relatively stable trend first
and then decreased significantly after 2051. At spatial scale, GPP and RECO showed a distribution
pattern of high in the middle and low in the northern and southern parts of the Huang — Huai — Hai Plain,
while NEP was increased from southeast to northwest. Under future climate change, the weakening
carbon sink function of the winter wheat — summer maize rotation system will be mainly because the
increasing rate of ecosystem respiration exceeded the increasing rate of crop gross primary productivity in
the future. Since the quantification of agricultural carbon budget was of great significance for the carbon
peak and carbon neutrality’ goals and food security of China, more studies were needed to further
quantify the carbon budget and explain the underlying change mechanism in the Huang — Huai — Hai Plain
in the future.

Key words: Huang — Huai — Hai Plain; winter wheat — summer maize rotation system; Biome —

BGCMuSo model; carbon budget; climate change
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Fig.1 Elevations and planting system zones, as well as distributions of cropping patterns and flux stations in study region
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Tab.1 Seven global climate models
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6 MPI-ESMI-2-HR MPI MPI - M 1
7 MRI-ESM2-0 MRIE MRI H A
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Tab.2 Crop management data in different zones
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Tab.3 Verification of model accuracies in simulating daily GPP, RECO, and NEE at Yucheng Station,
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Fig.3 Verification of model accuracy in simulating monthly GPP, RECO, NEE at Yucheng, Weishan, and Luancheng Stations
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Tab.4 Comparisons of model simulated values and product values with observed values of GPP

at Yucheng Station in years of 2003—2010

Bl 25 A R? RMSE/(gC-m~2-d"") Bias/(gC-m 2-d"") ZAET-H GPP/(gC-m *+a™ ')
PURIIRTED — — — 2109. 52
A 0. 87 2.19 0.72 1.844.92
VPM 0. 90 2. 60 1.63 1511.25
PML_V2 0.74 3.90 1.78 1456.78
GOSIF 0.83 4.31 2.73 1106. 99
MOD17A2H 0.79 5.58 3.68 757. 01

2.3 EEBFZEE®RERX GPP.RECO #1 NEP Byt iE]
ThER
1981—2100 4£ GPP  RECO FI NEP 4F f: A5
bt
¥ 1981—2100 4E41 453K 3 ANWFIT I B, : 7 0 B
] (1981—2020 4F) . 3 o i H (2021—2050 4F ) &
A B (2051—2100 45 ), H i R ok B4R B T
SSP245 FI SSP585 P il A 2 At 2 28 U B AR
FE D7 S B 1, B A B AR AE X GPP [ B (e R AE £k
TR H 1 682.40 gC/(m’ +a) Fl 6.48 gC/(m’-a”)
(P <0.01) ,RECO [ {H F1 45 fb 245 51 hy 1 293. 12,
6.84 gC/(m*+a’) (P <0.01) , A }, GPP 1 RECO ¥y
W E N KB E . Py e NEP B B {E R
389.28 ¢C/(m” +a) , {H7E 1981—2000 4F 1 2001—
2020 41y NEE 254k & 208 — B, 2816 3 53 5
4.98 ¢C/(m’*+a’) (P <0.05) fl =3.07 gC/(m’-a’)
(P>0.05) (4, K A X8~ 25% F1 75% 53-8
BX[E] ) o fE Kok SSP245 Fil SSP585 Wi f i &= 1,
GPP H1 RECO 7£ o 3 i # (2021—2050 4F ) H1 4 5k
PEIH (2051—2100 4F) 34 5 90 B @ g Rl 3, Ho

2.3.1

1S4
2

GPP 7£ SSP245 f 5t F 09 4 24 i #0722 4k 2 53 51l Ky
2015.75 gC/(m*+a) f17.39 gC/(m® - a’) (P <
0.01) ,7E SSP585 If5 5t K 4+ 5k 2 144.67 ¢C/(m’ -a)
M 11.01 gC/(m*+a”) (P <0.01), RECO 7£ SSP245
155 BAE B A AE AR 5350k 1 613.06 gC/ (m* a)
F18.72 gC/(m’-a>) (P <0.01), 7E SSP585 I &
AR 1 729.52 gC/(m*-a) 1 12.09 gC/(m’-a’)
(P <0.01), NEP 7 ¥ 4~ 7 3k i} #1 (2021—2100
4F) SSP245 1 SSP585 1 Ffi i 5 I Y 4F A E 43 il Sk
402.69 gC/(m’-a) fl 415. 15 gC/(m*-a) ;NEP 7£ K
KT ] (2021—2050 4F ) BB G K5 fae iy i
fE SSP245 If 5 By A ¥ (EH e AE Ak R 4 G R
434.14 gC/(m*+a) fl - 0.14 gC/(m’ - a>) (P >
0.05) ,7F SSP585 {5 T 43 5k 442.50 gC/(m’-a)
I —-0.11 gC/(m*+a”) (P >0.05) , ALK G 1T A i
# s NEP 7E ARk ] (2051—2100 45 ) £ Bt 9] i o
/NEYEaF TR SSP245 1F 5T B AR BIE K 2 Ak H 53 5]
7 383.82 gC/(m’+a) fl —2.03 gC/(m’+a’) (P <
0.01) ,7F SSP585 5t K 43 5 398.74 ¢C/(m’+a)
A -1.35¢C/(m’-a*) (P <0.01),
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Fig.4 Inter-annual variations of GPP, RECO, and
NEP of wheat-maize rotation systems in

Huang — Huai — Hai Plain in years of 1981—2100
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Fig.5 Intra-annual variations of GPP, RECO, and NEP
of wheat-maize rotation systems in Huang — Huai — Hai
Plain in historical period (1981—2020) and under two
future (2021—2100) scenarios of SSP245 and SSP585
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Fig. 6 Spatial distributions of annual average values of GPP, RECO, and NEP in historical period (1981—2020) ,
in future period (2021—2100) under SSP245 and SSP585 scenarios in wheat-maize rotation region of
Huang — Huai — Hai Plain
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Fig.7 Boxplots for values of annual GPP, RECO, and NEP of all grid points at different zones (Zone 1 ~ Zone 6)

in wheat-maize rotation region of Huang — Huai — Hai Plain in historical period (1981—2020) and future period

(2021—2100) under SSP245 and SSP585 scenarios
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Tab.5 Comparisons between GPP and NEP values
simulated and values in other published studies for
winter wheat — summer maize rotation systems in

Huang — Huai — Hai Plain
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7= (g€-m™?-a”') (g€rm?-a™l)
2000—2009 1506 ~1805 1500 ~2 000
GPP 2001—2018 1734 185703
1981—2013 1479 ~1805 1329 ~249703
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