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Simulation research on the effects of nitrogen input on carbon cycle
process in a coastal wetland: review and prospects
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Abstract: As one of the key processes controlling global carbon storage, carbon cycle in coastal wetland is a
process significantly affected by nitrogen input due to the inshore water eutrophication. Given the fact that
nitrogen input affects the carbon cycle of coastal wetland in a rather complex way, carbon cycle model has been
selected as an effective method to clarify the process with the ultimate purpose to evaluate the carbon storage
function of coastal wetland under the global climate change. With an review conducted of the migration and
transformation of carbon components in coastal wetlands at different interfaces of atmosphere, vegetation, water
and soil and a summary made of the regulations of the response of carbon cycle on nitrogen, it was found that
carbon storage and flux is affected by multiple factors. Also, on this basis, carbon cycle models with carbon,
nitrogen and water related modules were introduced along with the efforts made to promote their adaptability to

wetlands and their application on wetlands, which shall provide reference for the employment of the model in
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the description of the carbon exchange in coastal wetland under the influence of nitrogen input. Finally, it was
concluded that, to further develop the model, closer attention should be focused on the tidal process with
nitrogen input and the promotion of model simulation accuracy. [Ch, 1 fig. 1 tab. 126 ref.]
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Figure 1 Key processe of carbon cycle among atmosphere, vegetation, water and soil in coastal wetlands
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Table 1 Development and application in wetland of carbon cycle models
R 2 RIS HY HELTRUHE AR ARG BRI 1 TG INARESY]
Biome-BGC™ i #2 BE Y (4= ) BIBUERRG TS, 7% 1988 1d WA BT BT MR K E R
HERALFRR) Wy, 3R . Al KAYfRE FEAR, Cy/Cylt IE MBI . LIk
A A, BARAAEY | A A B R 3R IR B LB
Co/CyRARYI MR . A G N =V AN P 8 S 55 B B | N U3/ N T4
K BOTERR R 5 AL LA RS> IN S M. LT DR . TR
L DN TS L RN ES e RS
LR MRERR A S R G )
Y JI(NPP), AWk
SRR SR AL 5
CENTURY™ i B A A (A ) BT TR one, A 1988 30d AR, FEAS A EREIRA S, TR
HIRIEARRY) Bk, BFIBERY A ek B34 DN HBR SR
PEFL AR, R 45 <R
Rk AR Bl A, A
B RGAT1
DNDC? I AR (A BN T BB R AR 1992 1d bR AR B RS ROl A TS
WERZARD) KRS, PR TH TR KALE) i, WA R Rg, WA TKREH
B DREST Lk i, QSRR B, JesHEE S RGN
YR b2 P A RE RAMEI B
AVIMEY R R A B BT - ORI S 1995 Ih B B A R S AR,
R ATHLRR G fiT - - WL R AR B
HLTR) KA ) ke Rk 53 19 3846 LA M WASE RS T AT R AL P2 R4
FAGLE - CO, 38 B PR QioEA Tl
e, ST RAREAERE
TE N B Rl =22 ) Y B A
HAEH
TECO!"" AR (Y HASHEHMTRSEEY B 2008 SEECAEMA MiASRE W HPAESREXCO,
HERALFARAY) AR A B b 5 7 TS T THE . B FREK AR RS
S e, AL, 1 h; AHY) LW R R SCEE R, BN
T EI A S R G Y A RN e T DukeFRMRMXFCO, T+ 1
B K SRR BRI, 1d R R TRl 10
A K2 SPRUCE Jig 7% b Bk 3l
PAE IR RE Eoilke o1 A
PEATBOG"™ i B B (A9 sl T H3ER . /K. S5 2013 1d Rp bk ARG E TN HT ORI E e
Hkfe2EpiRl) R BT s, 1 TEPR AL HABPERAGIR I 200 234
253 1 1 A TH] AR HER X FERBAUTI T A K80 ali] &
. FUEEAA AR, BRAL IS, LIE
VLB R R AN -3 e . A R I VR AE S 00 2 i A A
JEALTR AN RS vt (S INESISE S
4.2

IRIEIEE N A Y R R 1

TR M A 2 D) T A 3 b ) R T SR IR T 90 A, R NI M AE v K -2 B PR T A

MAEsE, HHAEIMUE,
REWERMARL

LGSR R S AR 17 TR, A A AR S 8 IR A R I K ACKE

SRASZIR R R BME AR LG, 2 A ad R AL (R4 T n] BEXE 5% 2% A1 f0 52 0 45

RAPAR . BRI, CABRAEPEEIPEEY K SCE R A T A L o BRAEPIHILE R T 5 ATk 8%t
BRAG R I PR RESEE , — SEAL P A TR SR A T 2 R B A ke, (91 A ol A= ) - il B 5 . -+
Hepr oy ICAF o HBRIAEMRRL AL T &R Z RS HLOCR , B s S A R BCR B, (01
R IR SRR, B R R MR SR XL SR AR IERES o BrshAST 2oR % &+
. OKSCRM R Z [ AR EARRT, AR [R) A7 A LEVE T Y & T TR M AE S R G256 R AR
M, AR —SER (4 DNDC Al BIOME-BGC 5 7 ) 75 e it o i rf 3 17 4834 10 o 24 25 A GE LB A e



538 & WRAESCAS - U A S S I s BRI PR R RO BRI 5 e 5 e 2R 7

BRUEo- 1851 ki, MRS RARAEIN S BB R 2%, A FANAARRY), WIETHERY) . MY
IKAREYAE, A AR 2E S, I MR RIS R AR, Btk 5 B R BT A FHBIE
f4n, SR Biome-BGC # RS AR ICIE B I 2 HUK RGN HIE IR, FOYEASIBEAHL 1
TR, HROROEAL | AR A S (o R A AR

DAl SR AR i B AR, AT L a0 R e A SR A AR - e R AR AL, b R B
PEAFR G5 i AR R IR AR 98 B AU SN R, RS BRAE A 2 ] A LA T T i — AP 5
o PIITERE A R D, S s AN A R AR R T BN, 385 0 R A AR
ARSI BRI AT LA i AR - - ) S B B A AR R, RINBCA SRS M i S hs D A S R
GURR A, PR T3 0 A 3 A SRR AR G, LA 5 U A 8 T e 2 ) A e R A =2 T ) A
BEA,  SeRl BRI T R ] (A W B 8 A SRR i A TN Y, RS W A S AR A i R
XFTEALA R B LR Sy, W] DU Al A 2 R g b /B Bk s O HA RS R RUE i R, X
Se R A T AMEA A LR R AR, (E AR WA R R BRSO A R, TR
Yy LA R BRI 8RS 7 T A AR

FURT, e m R G 1 07 i WF S ORI NS, XRIAA 26 4F 25 53 A AR i B, L ROxE R ek
BMIRRIATER, WARAS L BRG] 7 AR TN RS0 B2 . RGNS E 2R ] T 2 AN [R] 1 07 12 R e ol
BEASERY , EATI R S 25 s A 2R T 22 i) 4 2 S U700 DL R D7 g B 22 14 © RS R A A S M B FR
e, DMEERRREE R . (HR, fad i, SRguid e ELXERLALBE . Al 5 3% s g b
B, EAR AT DU R 2R B R 2 8] 22 S g A RO R R R IR I TR IR [Hig
Sk, FEHEI T RESL UL BT X bR v AR RO B RIPE BE DAL, AR TSI IR] P R AR i A (19 ek 2=
TR, Rt TR Al np fay PSR s BRI 2 PR EL PR 20T I E Y, MR 1 R IR R R, B RE
0% R ORI Z2 R8s, (B IE F T R GETERY S il

5 A5 RE

BRI AR S RGN TR S 0], SRR A BN TR AR, WA T BRAEAE
filR AR IR KRR B IR DR A R, R U2 I I AR ) - 1 M- 20 T O B 20 50 B 7
AL INRE, SRS MAFAEATENE . ML T HAR RS R SE, SR g . L3, R A
SEHAEE NI AR, BRACH AL AETE BRI ) 2 Al AR, DOHRIA N AR T 2 I8 2 AR, Bl 2
AR LA T R, AT — P R 5% . O Msm N84 K SGE R TT K o AR 1 i To
WA ST, AR AL MR 25 5 A3 T7 1%, (B A I s A —2H 3k 5E i P AR 7Y vh
ZH 3 30K 6 5 B DA 2K T B R A 1 A A R L f) T A ELA R TR OB AN 5 BL A 1 ok — 258
o BUIEAE YA R R s R R s s R AR - - W) R B AR, REAS S M S ke - 4
B U A e N TRLI BN SR AR A R T RE S AR R TN A AN L O PR A A
AIANBRE PR, AT AR IR T AR . SRR (e HA AU A4 Bt SR B AP Al A e g4,
Of e BERURSADURE B o 50/ N MU Ay X B T Ak BRI ) 37 2 B DA v 12 (L B g RS B2, T R LA £
W, TR . WK AU A SRR B AR S R G R R, e PR T R S B[]
W, AL TR BE A S A . BEARR SRR M S P T — R AR A R KB P R, (H e b B 5 1R
BN IR BN 2 (B ek oy o R pH AR JFUIRZS) w] UGNl A= S R ged e, I 4
BRAZAC IR R A5 . TR LA E PR N IR R R A, 2 s A RIPR AT T, MR SE
AR . DEESES OO, SRR E , D SRR A R R 2E . T2k 2RO
TR, P m BRI AR I, T SE OB R AL . TIAZIIAR | 2% 12 ) 18 B K
=i, AR XIS 2= AR R HEAT BRI A T 207 0] 2 — o[RS ik nl AR IR R 7k
ST BENE D A i KA By SRR B v BT P AR TR 22, B e AR 4 W] B AR

6 Z& Lk

[1] MCLEOD E, CHMURA G L, BOUILLON S, et al. A blueprint for blue carbon: toward an improved understanding of the



8 NN NN S S 2021 4
role of vegetated coastal habitats in sequestering CO, [J]. Front Ecol Environ, 2011, 9(10): 552 — 560.

[2] KIRWAN M L, GUNTENSPERGEN G R. Feedbacks between inundation, root production, and shoot growth in a rapidly
submerging brackish marsh [J]. J Ecol, 2012, 100(3): 764 — 770.

[3] KIRWAN M, TEMMERMAN S, SKEEHAN E, et al. Overestimation of marsh vulnerability to sea level rise [J]. Nat Clim
Change, 2016, 6(3): 253 — 260.

[4] KROEGER K D, CROOKS S, MOSEMAN-VALTIERRA S, et al. Restoring tides to reduce methane emissions in
impounded wetlands: a new and potent Blue Carbon climate change intervention [J]. Sci Rep, 2017, 7(1): 11914. doi:
10.1038/s41598-017-12138-4.

[5] GALLOWAY J N, TOWNSEND A R, ERISMAN J W, et al. Transformation of the nitrogen cycle: recent trends, questions,
and potential solutions [J]. Science, 2008, 320(5878): 889. doi: 10.1126/science.1136674.

[6] CHMURA G L, ANISFELD S C, CAHOON D R, et al. Global carbon sequestration in tidal, saline wetland soils [J]. Global
Biogeochem Cycles, 2003, 17(4): 1111. doi: 10.1029/2002gb001917.

[7] LI Juanyong, HAN Guangxuan, ZHAO Mingliang, et al. Nitrogen input weakens the control of inundation frequency on soil
organic carbon loss in a tidal salt marsh [J]. Estuarine Coastal Shelf Sci, 2020, 243: 106878. doi: 10.1016/j.ecss.2020.
106878.

[8] HOBBIE S E, NADELHOFFER K J, HOGBERG P. A synthesis: the role of nutrients as constraints on carbon balances in
boreal and arctic regions [J]. Plant Soil, 2002, 242(1): 163 — 170.

[9] TAO Baoxian, SONG Changchun, GUO Yuedong. Short-term effects of nitrogen additions and increased temperature on
wetland soil respiration, Sanjiang Plain, China [J]. Wetlands, 2013, 33(4): 727 — 736.

[10] LIU Jun, WU Nana, WANG Hui, et al. Nitrogen addition affects chemical compositions of plant tissues, litter and soil

organic matter [J]. Ecology, 2016, 97(7): 1796 — 1806.

[11] SONG Bing, SUN Jian, ZHOU Qingping, et al. Initial shifts in nitrogen impact on ecosystem carbon fluxes in an alpine
meadow: patterns and causes [J]. Biogeosciences, 2017, 14(17): 3947 — 3956.

[12] WANG lJing, GAO Yingzhi, ZHANG Yunhai, et al. Asymmetry in above- and belowground productivity responses to N
addition in a semi-arid temperate steppe [J]. Global Change Biol, 2019, 25(9): 2958 — 2969.

[13] QU Wendi, HAN Guangxuan, ELLER F, et al. Nitrogen input in different chemical forms and levels stimulates soil organic
carbon decomposition in a coastal wetland [J]. Catena, 2020, 194: 104672. doi: 10.1016/j.catena.2020.104672.

[14] TRUMBORE S. Carbon respired by terrestrial ecosystems-recent progress and challenges [J]. Global Change Biol, 2006,
12(2): 141 - 153.

[15] LUO Yiqi, KEENAN T F, SMITH M. Predictability of the terrestrial carbon cycle [J]. Global Change Biol, 2015, 21(5):
1737 - 1751.

(16] W, RG], 22N, 45, v R TR SRR S S AP PR Pt e (0], AR 25541, 2013, 33(17): 5141 — 5152.
CAO Lei, SONG Jinming, LI Xuegang, et al. Research progresses in carbon budget and carbon cycle of the coastal salt
marshes in China [J]. Acta Ecol Sin, 2013, 33(17): 5141 — 5152.

[17] MITSCH W J, GOSSELINK J G. Wetlands[M]. 4th ed. Hoboken: John Wiley & Sons, Inc., 2007.

[18] WANG Dongqi, CHEN Zhenlou, XU Shiyuan. Methane emission from Yangtze estuarine wetland, China [J]. J Geophys
Res, 2009, 114: G02011. doi: 10.1029/2008JG000857.

(191 wh) 4. 18 AF AR A X Eh VAR M i S e 2 LRI St (0] AR 255741, 2017, 37(24): 8170 — 8178.

HAN Guangxuan. Effect of tidal action and drying-wetting cycles on carbon exchange in a salt marsh: progress and
prospects [J]. Acta Ecol Sin, 2017,37(24): 8170 — 8178.

[20] AJIl, SRk, BERE, 45, BT L8R R CO, HERGE BARRE [T]. PREERL72#4, 2011, 31(12): 2830 — 2840.
TONG Chuan, E Yan, LIAO Ji, et al. Carbon dioxide emission from tidal marshes in the Min River Estuary [J]. Acta Sci
Circumstantiae, 2011, 31(12): 2830 — 2840.

(21] EFBFe, Phikiim, ZRHEA, . W0 H IR CO, . CH,y Al NLO Sl B FHIERI LB 5E 1], Bl 2412, 2011, 20(3):

51-61.
WANG Lingling, SUN Zhigao, MOU Xiaojie, et al. A preliminary study on carbon dioxide, methane and nitrous oxide
fluxes from intertidal flat wetlands of the Yellow River estuary [J]. Acta Prataculturae Sin, 2011, 20(3): 51 — 61.



538 & WRAESCAS - U A S S I s BRI PR R RO BRI 5 e 5 e 2R 9

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

BRSO, )RR, RYER, S5 WV VR A B0 = #f i R TE b TP e HE s s [0 A2 2823k, 2019, 39(17): 6238 —
6246.

HE Wenjun, HAN Guangxuan, SONG Weimin, et al. Effects of tidal action on methane emissions over a salt marsh in the
Yellow River Delta, China [J]. Acta Ecol Sin, 2019, 39(17): 6238 — 6246.

POFFENBARGER H J, NEEDELMAN B A, MEGONIGAL J P. Salinity influence on methane emissions from tidal
marshes [J]. Wetlands, 2011, 31(5): 831 — 842.

CHOI Y, WANG Yang. Dynamics of carbon sequestration in a coastal wetland using radiocarbon measurements [J].
Global Biogeochem Cycles, 2004, 18: GB4016. doi: 10.1029/2004GB002261.

KAYRANLI B, SCHOLZ M, MUSTAFA A, et al. Carbon storage and fluxes within freshwater wetlands: a critical review
[J]. Wetlands, 2010, 30(1): 111 — 124.

THORNTON S F, MCMANUS J. Application of organic carbon and nitrogen stable isotope and C/N ratios as source
indicators of organic matter provenance in estuarine systems: evidence from the Tay Estuary, Scotland [J]. Estuarine
Coastal Shelf Sci, 1994, 38(3): 219 — 233.

VERNBERG F J. Salt-marsh processes: a review [J]. Environ Toxicol Chem, 1993, 12(12): 2167 —2195.

SYED K H, FLANAGAN L B, CARLSON P J, et al. Environmental control of net ecosystem CO, exchange in a treed,
moderately rich fen in northern Alberta [J]. Agric For Meteorol, 2006, 140(1): 97 — 114,

EXBRAYAT J F, PITMAN A J, ZHANG Q, et al. Examining soil carbon uncertainty in a global model: response of
microbial decomposition to temperature, moisture and nutrient limitation [J]. Biogeosciences, 2013, 10(11): 7095 — 7108.
BRAGAZZA L, BUTTLER A, HABERMACHER J, et al. High nitrogen deposition alters the decomposition of bog plant
litter and reduces carbon accumulation [J]. Global Change Biol, 2012, 18(3): 1163 — 1172.

YUAN Zhiyou, CHEN H Y H. A global analysis of fine root production as affected by soil nitrogen and phosphorus [J].
Proc Biol Sci, 2012, 279(1743): 3796 — 3802.

YUAN Zhiyou, LI Linghao, HAN Xingguo, et al. Nitrogen response efficiency increased monotonically with decreasing
soil resource availability: a case study from a semiarid grassland in northern China [J]. Oecologia, 2006, 148(4): 564 —
572.

BOBBINK R, HICKS K, GALLOWAY I, et al. Global assessment of nitrogen deposition effects on terrestrial plant
diversity: a synthesis [J]. Ecol Appl, 2010, 20(1): 30 — 59.

KOOTTATEP T, POLPRASERT C. Role of plant uptake on nitrogen removal in constructed wetlands located in the tropics
[J]. Water Sci Technol, 1997, 36(12): 1 — 8.

SUN Yuan, WANG Cuiting, CHEN H Y H, et al. Responses of C:N stoichiometry in plants, soil, and microorganisms to
nitrogen addition [J]. Plant Soil, 2020, 456(1/2): 277 — 287.

MOE S J, STELZER R S, FORMAN M R, et al. Recent advances in ecological stoichiometry: insights for population and
community ecology [J]. Oikos, 2005, 109(1): 29 — 39.

HOUGHTON R. Terrestrial carbon sinks-uncertain explanations [J]. Biologist, 2002, 49: 155 — 60.

X fgte, KA. MR/ N B AR U A B, (1] R A= 25247, 2008, 19(12): 2599 — 2604.

LIU Deyan, SONG Changchun. Responses of marsh wetland plant Calamagrostis angustifolia to exogenous nitrogen input
[J1. Chin J Appl Ecol, 2008, 19(12): 2599 — 2604.

P, AL, SRR B AN Rl AR S R GRAIE I G R s [T]. i BRELE BEE, 2008, 23(8): 874 — 883.
PENG Qin, DONG Yunshe, QI Yuchun. Influence of external nitrogen input on key processes of carbon cycle in terrestrial
ecosystem [J]. Adv Earth Sci, 2008, 23(8): 874 — 883.

NAKAIJI T, TAKENAGA S, KUROHA M, et al. Photosynthetic response of Pinus densiflora seedlings to high nitrogen
load [J]. Environ Sci, 2002, 9: 269 — 282.

SR, AT KK A IE T AL BN ORI RO A AR L] A AR SRR, 2009, 15(1): 82 —
90.

ZHANG Lixin, LI Shengxiu. Effects of nitrogen and potassium on photosynthetic characteristics in summer maize leaves
under long-term water stress [J]. Plant Nutr Fert Sci, 2009, 15(1): 82 — 90.

HUANGFU Chaohe, LI Huiyan, CHEN Xinwei, et al. Response of an invasive plant, Flaveria bidentis, to nitrogen



10 wOTL A MROR R e 4R 2021 4
addition: a test of form-preference uptake [J]. Biol Invasions, 2016, 18(11): 3365 — 3380.

[43] LU Xiankai, VITOUSEK P M, MAO Qinggong, et al. Plant acclimation to long-term high nitrogen deposition in an N-rich
tropical forest [J]. Proc Natl Acad Sci, 2018, 115(20): 5187 — 5192.

[44] BREITBURG D, LEVIN L A, OSCHLIES A, et al. Declining oxygen in the global ocean and coastal waters [J]. Science,
2018, 359(6371): eaam7240. doi: 10.1126/science.aam7240.

[45] ZHANG Yaohong, XU Xianju, LI Yang, et al. Effects of Spartina alterniflora invasion and exogenous nitrogen on soil
nitrogen mineralization in the coastal salt marshes [J]. Ecol Eng, 2016, 87: 281 — 287.

[46] LUO Min, HUANG Jiafang, ZHU Wenfeng, et al. Impacts of increasing salinity and inundation on rates and pathways of
organic carbon mineralization in tidal wetlands: a review [J]. Hydrobiologia, 2019, 827(1): 31 — 49.

[47] MIN K, KANG H, LEE D. Effects of ammonium and nitrate additions on carbon mineralization in wetland soils [J]. Soil
Biol Biochem, 2011, 43(12): 2461 — 2469.

[48] EISENLORD S D, FREEDMAN Z, ZAK D R, et al. Microbial mechanisms mediating increased soil C storage under
elevated atmospheric N deposition [J]. Appl Environ Microbiol, 2013,79(4): 1191 — 1199.

[49] LINDA T A, FREY S D, STHULTZ C M, et al. Changes in litter quality caused by simulated nitrogen deposition reinforce
the N-induced suppression of litter decay [J]. Ecosphere, 2015, 6(10): 205. doi: 10.1890/ES15-00262.1.

[50] PESCHEL A R, ZAK D R, CLINE L C, et al. Elk, sagebrush, and saprotrophs: indirect top-down control on microbial
community composition and function [J]. Ecology, 2015, 96(9): 2383 —2393.

[51] KUZYAKOV Y, FRIEDEL J K, STAHR K. Review of mechanisms and quantification of priming effects [J]. Soil Biol
Biochem, 2000, 32(11): 1485 — 1498.

[52] FEME, A7, AR AR, 45 RUTRER MG 5 Y- T3E- T Yy s B A AR A S R G0 LI LRI IR ST e [T].
A%, 2018, 38(23): 8285 — 8295.

CHENG Shulan, FANG Huajun, XU Meng, et al. Regulation of plant-soil-microbe interactions to soil organic carbon in
natural ecosystems under elevated nitrogen deposition: a review [J]. Acta Ecol Sin, 2018, 38(23): 8285 — 8295.

[53] TAO Baoxian, LIU Chenyang, ZHANG Baohua, et al. Effects of inorganic and organic nitrogen additions on CO,
emissions in the coastal wetlands of the Yellow River Delta, China [J]. Atmos Environ, 2018, 185: 159 — 167.

[54] HASSELQUIST N J, METCALFE D B, HOGBERG P. Contrasting effects of low and high nitrogen additions on soil CO,
flux components and ectomycorrhizal fungal sporocarp production in a boreal forest [J]. Global Change Biol, 2012,
18(12): 3596 — 3605.

[55] XU Yehong, FAN Jianling, DING Weixin, et al. Characterization of organic carbon in decomposing litter exposed to
nitrogen and sulfur additions: links to microbial community composition and activity [J]. Geoderma, 2017, 286: 116 — 124.

[56] JIAN Siyang, LI Jianwei, CHEN Ji, et al. Soil extracellular enzyme activities, soil carbon and nitrogen storage under
nitrogen fertilization: a meta-analysis [J]. Soil Biol Biochem, 2016, 101: 32 — 43,

[57] YUAN Xia, QIN Wenkuan, XU Hao, ef al. Sensitivity of soil carbon dynamics to nitrogen and phosphorus enrichment in an
alpine meadow [J]. Soil Biol Biochem, 2020, 150: 107984. doi: 10.1016/j.s0i1bi0.2020.107984.

[58] BAUER J E, CAI Weijun, RAYMOND P A, et al. The changing carbon cycle of the coastal ocean [J]. Nature, 2013,
504(7478): 61 —70.

[59] BIANCHI T S. The role of terrestrially derived organic carbon in the coastal ocean: a changing paradigm and the priming
effect [J]. Proc Natl Acad Sci, 2011, 108(49): 19473. doi: 10.1073/pnas.1017982108.

[60] MAJIDZADEH H, UZUN H, RUECKER A, et al. Extreme flooding mobilized dissolved organic matter from coastal
forested wetlands [J]. Biogeochemistry,2017,136(3): 293 —309.

[61] HERRMANN M, NAJJAR R G, KEMP W M, et al. Net ecosystem production and organic carbon balance of U. S. East
Coast estuaries: a synthesis approach [J]. Global Biogeochem Cycles, 2015,29(1): 96 — 111.

[62] NEUBAUER S C, Anderson I C. Transport of dissolved inorganic carbon from a tidal freshwater marsh to the York River
estuary [J]. Limnol Oceanogr, 2003, 48(1): 299 — 307.

[63] WANG Z A, KROEGER K D, GANJU N K, et al. Intertidal salt marshes as an important source of inorganic carbon to the
coastal ocean [J]. Limnol Oceanogr, 2016, 61(5): 1916 — 1931.

[64] CZAPLA K M, ANDERSON I C, CURRIN C A. Net ecosystem carbon balance in a north Carolina, USA, salt marsh [J].J



538 & WRAESCAS - U A S S I s BRI PR R RO BRI 5 e 5 e 2R 11

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Geophys Res Biogeosci, 2020, 125(10): €2019JG005509. doi: 10.1029/2019JG005509.

MORRIS J T, SHAFFER G P, NYMAN J A. Brinson review: perspectives on the influence of nutrients on the sustainability
of coastal wetlands [J]. Wetlands, 2013, 33(6): 975 — 988.

DAVIS J, CURRIN C, MORRIS J T. Impacts of fertilization and tidal inundation on elevation change in microtidal, low
relief salt marshes [J]. Estuaries Coasts, 2017, 40(6): 1677 — 1687.

GRAHAM S A, MENDELSSOHN I A. Coastal wetland stability maintained through counterbalancing accretionary
responses to chronic nutrient enrichment [J]. Ecology, 2014, 95(12): 3271 — 3283.

MENENDEZ M C, DELGADO A L, BERASATEGUI A A, et al. Seasonal and tidal dynamics of water temperature,
salinity, chlorophyll-a, suspended particulate matter, particulate organic matter, and zooplankton abundance in a shallow,
mixed estuary (Bahia Blanca, Argentina) [J]. J Coastal Res, 2015, 32(5): 1051 — 1061.

BLOESCH J. Mechanisms, measurement and importance of sediment resuspension in lakes [J]. Marine Freshwater Res,
1995, 46(1): 295 — 304.

ZHANG Yafei, LIANG Jie, ZENG Guangming, et al. How climate change and eutrophication interact with microplastic
pollution and sediment resuspension in shallow lakes: a review [J]. Sci Total Environ, 2020, 705: 135979. doi: 10.
1016/j.scitotenv.2019.135979.

FRA YR i 5 75 . DNDC BRI AR (7). S5 U2eiif5e, 2001, 21(2): 89 — 99.

LI Changsheng. Biogeochemical concepts and methodologies: development of the DNDC model [J]. Quaternary Sci, 2001,
21(2): 89 —99.

XU Wen, LUO X S, PAN Yuepeng, et al. Quantifying atmospheric nitrogen deposition through a nationwide monitoring
network across China [J]. Atmos Chem Phys Discuss, 2015, 15: 18365 — 18405.

5RA, T ALY kA2 DNDC BT T - S5 sh A BRI HT [T]. Fiegdl, 2017, 25(3): 445 — 452.
ZHANG Zhao, XIN Xiaoping. Research progress of biogeochemistry model DNDC in carbon dynamic modeling [J]. Acta
Prataculturae Sin, 2017, 25(3): 445 — 452.

CHENG S J, HESS P G, WIEDER W R, et al. Decadal fates and impacts of nitrogen additions on temperate forest carbon
storage: a data-model comparison [J]. Biogeosciences, 2019,16(13): 2771 — 2793.

WANG Yingping, LAW R M, PAK B. A global model of carbon, nitrogen and phosphorus cycles for the terrestrial
biosphere [J]. Biogeosciences, 2010, 7(7): 2261 — 2282.

ZAEHLE S, FRIEND A D, FRIEDLINGSTEIN P, ef al. Carbon and nitrogen cycle dynamics in the O-CN land surface
model: 2. Role of the nitrogen cycle in the historical terrestrial carbon balance [J]. Global Biogeochem Cycles, 2010, 24:
GB1006. doi: 10.1029/2009GB003522.

WO, BRI, XL, 2. Bl A A5 R G A ™ @ BT TR B (U] HER B E I, 2014, 29(5): 541 — 550.
YUAN Wenping, CAI Wenwen, LIU Dan, et al. Satellite-based vegetation production models of terrestrial ecosystem: an
overview [J]. Adv Earth Sci, 2014, 29(5): 541 — 550.

MONTEITH J L. Solar radiation and productivity in tropical ecosystems [J]. J Appl Ecol, 1972, 9: 747 — 766.

POTTER C. The carbon budget of California [J]. Environ Sci Policy, 2010, 13(5): 373 — 383.

VETTER M, CHURKINA G, JUNG M, et al. Analyzing the causes and spatial pattern of the European 2003 carbon flux
anomaly in Europe using seven models [J]. Biogeosci Discuss, 2008, 4: 1201 — 1240.

BALDOCCHI D. Measuring fluxes of trace gases and energy between ecosystems and the atmosphere-the state and future
of the eddy covariance method [J]. Global Change Biol, 2014, 20(12): 3600 — 3609.

WANG Xiaoguo, ZHU Bo, LI Changsheng, et al. Dissecting soil CO, fluxes from a subtropical forest in China by
integrating field measurements with a modeling approach [J]. Geoderma, 2011, 161(1/2): 88 — 94.

BOHN T J, PODEST E, SCHROEDER R, et al. Modeling the large-scale effects of surface moisture heterogeneity on
wetland carbon fluxes in the West Siberian Lowland [J]. Biogeosciences, 2013, 10(10): 6559 — 6576.

FRIEDLINGSTEIN P, ANDREW R M, ROGELJ J, et al. Persistent growth of CO, emissions and implications for reaching
climate targets [J]. Nat Geosci, 2014, 7(10): 709 — 715.

RUNNING S W, COUGHLAN J C. A general model of forest ecosystem processes for regional applications I. hydrologic
balance, canopy gas exchange and primary production processes [J]. Ecol Modelling, 1988, 42(2): 125 — 154.



12

WroIL R R K R 2021 4F

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

BOND-LAMBERTY B, GOWER S T, AHL D E. Improved simulation of poorly drained forests using Biome-BGC [J].
Tree Physiol, 2007, 27(5): 703 — 715.
B RO, XUBLER, 1o, 25, 25T BIOME-BGC A BY (9213 I B X IR M (Pinus elliontii) N.T Ak GPP Al NPPLJ]. A=
AR, 2008, 28(11): 5314 - 5321.
ZENG Huiqing, LIU Qijing, FENG Zongwei, et al. GPP and NPP study of Pinus elliottii forest in red soil hilly region based
on BIOME-BGC model [J]. Acta Ecol Sin, 2008, 28(11): 5314 — 5321.
THEEYE, XUBLER, EHER, 4. PRy N TIRHAARR (Pinus ellionii) A= Sy W 540, (7). IR HBRFL:, 2008,
38(8): 1005 - 1015.
MA Zeqing, LIU Qijing, WANG Huimin, e a/. Productivity observation and simulation of pine forest (Pinus elliottii) in
subtropical constructed wetland [J]. Sci Sin Terrae, 2008, 38(8): 1005 — 1015.
LUO Zhongkui, SUN Osbert Jianxin, WANG Enli, et al. Modeling productivity in mangrove forests as impacted by
effective soil water availability and its sensitivity to climate change using Biome-BGC [J]. Ecosystems, 2010, 13(7): 949 —
965.
PARTON W J, STEWART J W B, COLE C V. Dynamics of C, N, P and S in grassland soils: a model [J].
Biogeochemistry, 1988, 5(1): 109 — 131.
CHIMNER R A, COOPER D J, PARTON W J. Modeling carbon accumulation in Rocky Mountain fens [J]. Wetlands,
2002, 22(1): 100 — 110.
LI Changsheng, FROLKING S, FROLKING T A. A model of nitrous oxide evolution from soil driven by rainfall events: 1.
model structure and sensitivity [J].J Geophys Res Atmos, 1992, 97(D9): 9759 — 9776.
ZHANG Yu, LI Changsheng, TRETTIN C C, ef al. An integrated model of soil, hydrology, and vegetation for carbon
dynamics in wetland ecosystems [J]. Global Biogeochem Cycles, 2002, 16(4): 1061. doi: 10.1029/2001GB001838.
I, 3% e, PNEAT, 4. BT DNDC ARSI A2 A S0 T 1 v 1l K R FH R 2 A HE iR L] 0 AR 2524,
2015,26(3): 793 — 799.
TIAN Zhan. NIU Yilong, SUN Laixiang, et al. China’s rice field greenhouse gas emission under climate change based on
DNDC model simulation [J]. Chin J Appl Ecol, 2015, 26(3): 793 — 799.
GENG Xuemeng, YANG Meng, GRACE J, et al. Simulating methane emissions from the littoral zone of a reservoir by
wetland DNDC Model [J]. J Resour Ecol, 2016, 7(4): 281 — 290.
CUI Jianbo, LI Changsheng, TRETTIN C. Analyzing the ecosystem carbon and hydrologic characteristics of forested
wetland using a biogeochemical process model [J]. Global Change Biol, 2005, 11(2): 278 — 289.
DENG lJia, LI Changsheng, FROLKING S. Modeling impacts of changes in temperature and water table on C gas fluxes in
an Alaskan peatland [J].J Geophys Res Biogeosci, 2015, 120(7): 1279 — 1295.
JI Jinjun. A climate-vegetation interaction model: simulating physical and biological processes at the surface [J]. J
Biogeogr, 1995, 22(2/3): 445 — 451.
JI Jinjun, HUANG Mei, LI Kerang. Prediction of carbon exchanges between China terrestrial ecosystem and atmosphere in
21st century [J]. Sci China Ser D Earth Sci, 2008, 51(6): 885 — 898.
SR, K, JESCHE, 45, CG-LTDR #1678 36 5045 X BCC-AVIML.O il i AT A 52 i 9 (1] HbRAes B Rk 22
#iz, 2015, 17(11): 1294 — 1303.
SHI Xueli, ZHANG Fang, ZHOU Wenyan, et al. Impacts of CG-LTDR land cover dataset updates on the ground
temperature simulation with BCCAVIM 1.0 [J]. J Geo-Inf Sci, 2015, 17(11): 1294 — 1303.
WENG Ensheng, LUO Yigqi. Soil hydrological properties regulate grassland ecosystem responses to multifactor global
change: a modeling analysis [J]. J Geophys Res Biogeosci, 2008, 113: G03003. doi: 10.1029/2007JG000539.
LUO Yiqi, WHITE L W, CANADELL J G, et al. Sustainability of terrestrial carbon sequestration: a case study in Duke
Forest with inversion approach [J]. Global Biogeochem Cycles, 2003, 17(1): 1021. doi: 10.1029/2002GB001923.
WHITE L W, LUO Yiqi. Modeling and inversion of net ecological exchange data using an Ito stochastic differential
equation approach [J]. Appl Math Comput, 2008, 196(2): 686 — 704.
HUANG Yuanyuan, JIANG Jiang, MA Shuang, et al. Soil thermal dynamics, snow cover, and frozen depth under five

temperature treatments in an ombrotrophic bog: constrained forecast with data assimilation [J]..J Geophys Res Biogeosci,



5538 & WRAESCAS - U A S S I s BRI PR R RO BRI 5 e 5 e 2R 13

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

(117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

2017, 122(8): 2046 — 2063.

WU Y, BLODAU C. PEATBOG: a biogeochemical model for analyzing coupled carbon and nitrogen dynamics in

northern peatlands [J]. Geosci Model Dev, 2013, 6(4): 1173 — 1207.

WU Y, BLODAU C, MOORE T R, et al. Effects of experimental nitrogen deposition on peatland carbon pools and fluxes:

a modelling analysis [J]. Biogeosciences, 2015,12(1): 79 — 101.

HAN Guangxuan, CHU Xiaojing, XING Qinghui, et al. Effects of episodic flooding on the net ecosystem CO, exchange

of a supratidal wetland in the Yellow River Delta [J]. .J Geophys Res Biogeosci, 2015, 120(8): 1506 — 1520.

KANG Xiaoming, LI Yong, WANG Jinzhi, et al. Precipitation and temperature regulate the carbon allocation process in

alpine wetlands: quantitative simulation [J]. J Soils Sediments, 2020, 20(9): 3300 — 3315.

CHENG S J, HESS P G, WIEDER W R, et al. Decadal impacts of nitrogen additions on temperate forest carbon sinks: a

data-model comparison [J]. Biogeosci Discuss, 2018, doi: 10.5194/bg-2018-505.

JANSSENS I A, DIELEMAN W, LUYSSAERT S, et al. Reduction of forest soil respiration in response to nitrogen

deposition [J]. Nat Geosci, 2010, 3(5): 315 —322.

FREY S D, OLLINGER S, NADELHOFFER K, et al. Chronic nitrogen additions suppress decomposition and sequester

soil carbon in temperate forests [J1. Biogeochemistry, 2014, 121(2): 305 — 316.

SULMAN B N, BRZOSTEK E R, MEDICI C, et al. Feedbacks between plant N demand and rhizosphere priming depend

on type of mycorrhizal association [J]. Ecol Lett, 2017, 20(8): 1043 — 1053.

WIEDER W R, BONAN G B, ALLISON S D. Global soil carbon projections are improved by modelling microbial

processes [J1. Nat Clim Change, 2013, 3(10): 909 — 912.

ZHU Qing, RILEY W J, TANG lJinyun. A new theory of plant-microbe nutrient competition resolves inconsistencies

between observations and model predictions [J]. Ecol Appl, 2017, 27(3): 875 — 886.

BINGHAM A H, COTRUFO M F. Organic nitrogen storage in mineral soil: implications for policy and management [J].

Sci Total Environ, 2016, 551/552: 116 — 126.

KEENAN T F, BAKER I, BARR A, et al. Terrestrial biosphere model performance for inter-annual variability of land-

atmosphere CO, exchange [J]. Global Change Biol, 2012, 18(6): 1971 — 1987.

de KAUWE M G, MEDLYN B E, ZAEHLE S, et al. Forest water use and water use efficiency at elevated CO,: a model-

data intercomparison at two contrasting temperate forest FACE sites [J]. Global Change Biol, 2013, 19(6): 1759 — 1779.
LUO Y Q, RANDERSON J T, ABRAMOWITZ G, et al. A framework for benchmarking land models [J].

Biogeosciences, 2012, 9(10): 3857 — 3874.

RANDERSON J T, HOFFMAN F M, THORNTON P E, ef al. Systematic assessment of terrestrial biogeochemistry in

coupled climate-carbon models [J]. Global Change Biol, 2009, 15(10): 2462 — 2484.

SMITH M J, PURVES D W, VANDERWEL M C, et al. The climate dependence of the terrestrial carbon cycle, including

parameter and structural uncertainties [J]. Biogeosciences, 2013, 10(1): 583 — 606.

HARARUK O, XIA Jianyang, LUO Yiqi. Evaluation and improvement of a global land model against soil carbon data

using a Bayesian Markov chain Monte Carlo method [J]..J Geophys Res Biogeosci, 2014, 119(3): 403 — 417.

WARD N D, MEGONIGAL J P, BOND-LAMBERTY B, et al. Representing the function and sensitivity of coastal

interfaces in Earth system models [J]. Nat Commun, 2020, 11(1): 2458. doi: 10.1038/s41467-020-16236-2.

PRENTICE I C, LIANG X, MEDLYN B E, ef al. Reliable, robust and realistic: the three R’s of next-generation land-

surface modelling [J]. Atmos Chem Phys, 2015, 15(10): 5987 — 6005.

SULMAN B N, MOORE J A M, ABRAMOFF R, ef al. Multiple models and experiments underscore large uncertainty in

soil carbon dynamics [J]. Biogeochemistry, 2018, 141(2): 109 — 123.

TANG Guoping, ZHENG Jianqiu, XU Xiaofeng, et al. Biogeochemical modeling of CO, and CH, production in anoxic

arctic soil microcosms [J]. Biogeosciences, 2016, 13(17): 5021 — 5041.

ADAM L J, MOZDZER T J, SHEPARD K A, et al. Tidal marsh plant responses to elevated CO,, nitrogen fertilization,

and sea level rise [J]. Global Change Biol, 2013, 19(5): 1495 — 1503.



	1 滨海湿地碳循环过程
	2 氮输入对滨海湿地碳循环过程的影响机制
	2.1 氮输入影响植被碳库的机制
	2.2 氮输入影响土壤碳库的机制
	2.3 氮输入影响水体碳化合物的机制

	3 氮输入影响生态系统碳循环的建模方法与分类
	4 氮输入影响滨海湿地碳循环的模型应用和局限
	4.1 氮输入影响滨海湿地碳循环的模型应用
	4.2 碳循环模型应用的局限性

	5 问题与展望

