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£ i Bk 44 2 B (biogeochemical abundance)
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¥, BE—ITREMECTENID, SEEMEFINEYSHARNMAR T EE. &
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Fig.1 The environmental factors ever varying in space and time form a {orce ficld.
which dnves chemical e¢lements to wvansport and transform mm ecosystems
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S5k BRERT AMWAYBREFAFTIGEE, FAE BN 2R EEL. AKESH
Fili b A 5 R E (6] B FE LR

& — B E G DNDC, E £ 3% # -~ 3 318 denitnfication { i 3 £ A ) # decomposition
UrEM). BRIEAANSBIERRS N IFIRERERE T RBFARXSKHERRE. X
PR FEZASRELRIES, MEABK CO,.CHFI NO FASZH. . BEEMALFELR
RSB THHEELYRLFEE. DNDCEEHFAMHSEAR.- S 18785+
R HYERKMENES#E3 T THEE. AERARRBESANSR, T8 #H.
HFIA A ESETHEERNAY tRREPFEFRETHHETR.F2H8IES
Wi IR AR 3 P THEAE, XBSMNERESR T RIFERE 7R B LR 3 Y
s5MEFRNNERE, TRESETEERH R IR YERAEEAR. HPER G E
HESEEATR-HEEARITRIRIHEENERE. BERX Eh. LR TEIE
FEHEYHE BES. B, DRKS. T REAENHAEE WL, JA. 2, B, 1K
B ORAH)RENEYHAKTLE. ARSI R FENEBEAEYRHAEEELERN
MYRE GRS ERT) Maiz, REDREYIBOESBRE SERITELH
SPECEI P EREMETS RN IES R ERT W BB R R DR 5
AWRLCEGEETN TREEEIE FHANE TR ERER A A AN
FHEEREVAS M REWES, TE LR PAMREFER HER ETE, ER
—FPIEILEG RSP BOFNRE N COBARI, M AIRELIERTE
HLER (DOC), 46 A HLEUEE (L o0 S8 (NH ). 7K fb R Rz THE B4R 45 43 @3 1T 3 By DOC 71
INH, BT a5 10 20 B g AR K HIZETS, A i+ NH, # R AR (NO; Y 4. NH; 5%
i L H AL RRM, 1 NO, B BK M, Wi LB YR (T A R AR E
THEAFEMERWILEERT NO; MEMEE (NO, ), —EAE (NO).NO.BEFIRS
(INYH SR R R, ERFFRIR S, FRESBRANSIAZERRET NO M NO X
MTEEMBREN = NE, RN FEEEE R K &G T P (CH) R4,
XA, CHA/ERET L8 Eh BE . TH KB DOCH CO) 8B ABEHY
B CH A E b (BN #E) B3 F % T 1 Bh # CH R T8 CH il B 2l
EEHBAS ETHSHRERXRL, BT ERERTSEC 2R CED.

i e M FEAMBE I BRANaWESE EFREYEHRSIRIFE . A5 HX
SeEHBLBMEER, X 6P THEEM B SUNT R RERD K, EREFERFE. UIELTEL
HAPFRFEF- YLK T REETRRMNHEETFER. DNDC BE T e SR LN
EAYH ¥R EDEE. BRF AR REAEAH AN, BEA T ENAZE
EA. FEMEEEALUARESRATHAFERELRE, HFEEANBTREAARE
HEX . aJERXE[~3] 1).

DNDC £ — & 8%, H8UIT—H S (0 1ha ®E) B AR 2 ER, T
AR T REHASEORERF IESRURAEEDRAESRA B HRA
E£X., BERASEAETELE L.

1} Li C The challenpges of modeling mutrous oxide emissions. 1999
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#1 DNDCHEFIEER AN
Table ! Input parameters required by the DNDC model
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Fe Sl B L . B ) Rk . KO T A B R O AL o 1] B B R R (). R R
3k 80 B B e e ]

DNDC i A B f 8 A S8E. BIIFG#ELLZEE, DNDC et ® L35 m e g . 2
B OEHAR RSO RE Rk AEAZRE RAGEXEREHATHY LK TE
B, &4/ XEYERERYES Y SR EME R HIEYREEEYNERS. DNDC #
REYWARIESBETEY, BEAUER. B0 ZE RS B EER E ALK,
BB AL, A B AR TR, DNDC #TE L& X EYWIE s R R E~ .,
BEILMEE A, DNDCHE - HHEH FICREHEMMMER, 4 MEitlFEg
REL, - T2FERAsRESEEN. DNDCHBUE BN ER S ZEILH. Z2EILEFE,
FHAEFRM A HEE LRy ERE R R RORR. PRk R A, -
KEFEHBERAZERER. R 2480650 HOFARE.

#2 DNDCHENH H B
Table 2 Output parameters of DNDC

mE A
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i fe HEWEERE. SWRER £ ot R o, AHuE. Aamyw s
AR CO:. CHy M0 NO N ENHE HHHGE S

X T AR SRS KA R e, MEES R PN AT SR E, £
FE BRI, B A AT LA F 5K & (7) B ) B 91

4 REIRYEIE

TEH R LM B R L, B R A AR RET B REE
FHGHE AFREY S RAYER, S T —TEMNESRSL. REFE-H TR
REBEHEMMBEN BEIMEZRETREATESRANNFIER? MEX—FEH
- ERHTHERGIE, EYRIENEEARESHEDSPCEEHER, FEHMM
WERSEELESREIAPRMMER B, DNDC & — UL il it 4 25 % gL fUE
EH BN EIT R AR SRR, FI DNDC RIEW &S ERVEEES R PR
ViER. 7 DNDC ZREE, RS 65 7 8 00 5% sk 1 b4 B i a7 S8 445 1992 4
DNDC B AR, HEBEFATZFEERREN TP R ZHR. 1995 FHEE
E #& & (Rothamsted) 72 b 35 58 0 2 5089 57 P 0 0L 000 04 vE A B WL AR BY " E R
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HERMES L. OPEAMASEHMERNZA 2 HBFAEHE S HERESETLEK
I B4 64 4 5, DNDC B V3R IFR IO 80 2 —M 1995~ 1997 5 (6] . FEX ERF
MEMETHEDNE S EML (TRAGNET) BR th B 22 1 L, DNDC ST s #4 Tk A
FE.EEHAHEZTEEARRERLRN NOBRERY. T4~ 5%+, DNDCHE
hE EE e EE BRI, AEERPEW —SEHERBS SRR NRIE,
T a4 A JLANE ), A DNDC Q04 MR E A EE IR 5,

CO, FiiE AL

C. A. Buyanovsky 4% EH¥EHEM TR TE— 2/ FRUEBT COMHHEY. &
B H 1 ¥ b . MERR S0kgN/ha, f§

% 0} GBI, MR BTN T REAE
oot B COHFRCR, 1838 % #1407
& 29F S HER (B 2).
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Fig.? Companson between modeled and measured CO, #) 150 SRR AR T X fEHY T
flukes from a winter wheat field 1n Missouri, USA WHEAIFEEEEIAE ).
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Fg.3 Simulaton of |50—year soil organtc carbon dynamics at a winter wheat field with three
different treatrments 10 Rothamsted Agricultural Station in the UK
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Fig.4 DNDC captured two peaks of N,O emissions from a com ficld near Ottawa,
Canada, which were caused by soil thawing and fertilization, respectively
CH M= il i eir
1997 FRW/EMBHFRFEFEILFRERBEN KB OHSENUE T CHAHER.

DNDC 84U 7 CH A= ERALHER, 8 CHR N B SWMMER+ S HiE
(# 5).

CH 1 & /keCohat d*

100

BHs5 PEILHRE-—KBE CH AL
L SflcH =& 2 #ilcHELR 3 #SulcHEE o+ T8 CHRER
Fig.3 Comparison between modeled and measured CH, fluxes from a paddy rice
field at Wu County in Jangsu, China

NH, B Al S 1T
BOHES TR 5 00— K S MR T RIS S ONHD) R, &K

1) Zheng X H, Wang Y 5, Wang M X e/ af Automated measurements of ™ emissions from cropland. 1993
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S0kg BB S EEFEID A B S, NHLHEA B2 B o, BFSM W ME R T NH A R RN B &
ik, DNDC R##l 7 H e B, 58 S8 48RS (F 6).

40

. d‘l

N 38R /K - ha”

EXSE#

Bl o DNDCHIETREFAESE R EEERE T T N HEE S O S E s
I #l 2 TN
Hg.6 DNDC captured the trend of NH, emussions after an applicaton of fertihzer
ammomum bicarbonate in a paddy rice feld at Fenggiu, Henan, China

B _EmESIAHe BT ERBELIRIES R EXE [0 ~12] DHFER. EBESES
B H AR EE ST . DNDC 748 A AR S 40 8., v LIAERCE F 48 7 T b 4 1A M
Lk, A ESHHRE, XULHITE DNDC T2 EF T iME SR A Stk
FREMEFEEMIE.

5 BuHBERXERN

R — DAY R R (B S () RO - T PR FE R B A R, B AT
MEAMESHEAEREEARE &S, FEARE L#TERNKRE, THE.H
FHEAFREEZR K E ARG R L, A iH S B r ¥, DNDC 7E
RUEMRKEEEESEHEEBSE PR EREARE SHEENEEHN. R
B IR, pH. Eh B X ULEYHIRERE) BREER, ##—FHESHFEPHIRILER
Rz {77 [6) P 2, DA T A 30 T o, S8 — P R b2 o A B, 24 4E DNDC 89
T R ST R R IR, BTSRRI R R 5 i & BT, A R — /BT
P& A 1 ER R 2 TR, (i DNDC BT ot 72 — 8, TR Wik AR
MG, B TG R . SRR b BR b S AT T O 32 0 AR FE R B
FEHBRYUFELHHGARREN RS, SHREF-—BREEARG. —HoMTEE
SH B A A SR BR, W, SR EEER LT AT HEMENEES: S
— Ao ST SR AR B B X R 0 HGE, AR tE A SRR, BRI (LA R IS A
THRBUWES. 5 -8R BT G E R H (GIS) 3K, LUE Tl B AL R

ID Xiu W B, Hong ¥ T, Chen X H e¢r af Agncultural MO emussions at regional scale: A case study 1
Guizhou, China 1999
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WH: F -8R ETE AT ERESRA e dIEPRIETERA. S8 DNDC
BHEGISHIEER U ENEAE T X FTEEE ARINTAEBNXEE M PEAREDEE
MBU B Mafrgiidny, RARXP GIS M EAATRAREM R EHIEM REGERHE.

BEEAIREEALHENE & AEM#ITHRANEETR., BN EWNSET
LR o EHEE AT ENERRGR. AMAKBEIRNERE, 5 CEREX—
“RREETTIHL R AR R B, M LR TR R FE P R BB, WTE B — Rl
EAERIM B, X —@RilR sl e WERRINAXOCHESESR
EHFAEE TR, FRMBUBRNSREERARAVEETEREERZESRA T
HyE AR TERG &, B AR L # b RIR, EAEUSERSERHEAR
H G AR FEG AR E B %R W E RS, UL b I8 2 ol B R sl i — AR 1R 4t
A B 2R KE.

Rzl — AW FER-BEE TR TR . EFAERERSE BRIEER T
—IF, P EERL SR HE LT, TP RATEE T 2. h R BIEE,
X DNDC BN XEMPEALASZERNEL, BREEERE M 2. PREEH
MMSE. L REYEBEERER. FEMNESHRE. X-HRFET 45 AFERN
SR NS HHEHAATERBEFR A EMNELER. BRAX. PRAERESEHLKEN
FHEH. HREXRAREDRE -5 AF. PEEAASEERAIHEE RN 5700 x 10°,
WEYVR2BE AR ERAPEN KL AEEMAEILEY. XEREHEFREH
LB 1000 x 107, BRI RRW. EREDHREWEHE EM AR R K%, b HEAE
HEEMNFEERER., ZEREERIPILTESSHTRESRLTE b EFF
60% ke, 29 BT Tk BB, 20% Al T il (X 15% FE i E. XERISFELAMNTR
B 4 35000 x 10°t M sPELH 5000 x 10%. BT EASEFESRIEETEWITYLET
SRR ML EEREHBEFEEHFRENEREICLSESE 1200 x 0. THES
HEREETBN N 1600 x 10 ATHERALBAELHANEEASRIEHES
X HYEHARABAFEARABRACLHBEADNEE., ZES LWk H YA LA
60kg. M E & 2 Wik 1 i AARIE 120kg. B FHRA B EE R R ERETHE
MG EROMUBE TR WEAE, BE 1/ 30E RS 90 55 a1 W, & 8 AkS
B, PEEETERENTHEEFRICNEIERALEMNE R, BANTEREH. 4
WHEMZREN LD TR, LHBEMAKAEERAY S —F. N LEEIRANE
FKBEIRENERLEPFPERIFEEREAEZ N CE, X0 FiIXHEDH
B EHA N A EH AN AT R LSRR P REREAA,

BB EH %% B. H. Beprancrmit TEAk 45 ECH Bk 420 (La Geéochimie. 1924 4
R T ELE) op B 8RR Wy Bk AL S B LR, B3 w0 S & T . FEHT S0 B4EP X —
FHBESRVMA EHTFEHRLARNA, EHRBR R RE. UUEL_+JLE
PR THAESHREGH BN EEEEK, AXABTLREFEELGSHARHUELX
B AMAX—FRNERFRTHVEN., S BERLECETE TARX
BREGSHFBERMERXR, AYMRALBEETREM AL, DNDCER EERER
TIEHEYHBEESE AN o BINMPSEr ZE0N aF, X =R ERPRINER
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#AEAFEEEPHEBIR K.

M RHTEMSEE LS HEP. EEE EHH. HBE BB BT 82D
o EHRE . BES, MMEKR R R EE WY T E TR [ 0
LpkE, EE EE. A A ek BRI EMEENSHEENRFAHE,

2 % x ®

I Li G, Aber J, Stange F ef af A process—onented mode] of N,0 and NO emussions (rom forest soils: L.
Model development. Jowrra! of Geophvsical Researeh, 2000, 105:4 369~4 3R4
Li ., Frolking S, Frolkimg T A. A model of nitrons oxide evoluuon (rom soil doven by rainfall events: |.

[£* )

Model structure and sensiuvity  Sowrsul of Geopinsical Research, 1992, 97:9 759~9 776

3 Li C, Frolking 5, Hamss R C Modeling carbon biogeochemustey 1n agriculural socils. Glefal Brogeochermeat
Cpeles, 1994, 8-237~254

4 Smuth P, Smith J U, Powlson D § ¢t o/ A comparison of the performance of nine soil orgamc matter
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Agroecosysiems, 1998, S2:77~ 105

6  Buyanovsky C A, Wagner G H, Gantzer C ). Soil respiraden 1n a winler wheat ecosystem. Sod Scrence
Society of Americu Joyrmal, 1986, S0:338~ 344

7 Jenkamson D S, The Rothamsted long—lenm experiments: Are they sull of we? Agronopn Journal, 1991, 8%
2~ 10
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Il Plant R A J, Veldkamp E, Li C. Modeling nitrous omyde emissions from a Costa Rican banana plantation.
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12 Stange F. Buuerbach—Bahl K, Papen H er @/, A process—onenied model of MO and NO emussion (rom
forest soils: 2. Senmsitivity analysis and valdation. Journary of Geophysical Research, 2000, 105:4 385~4 393


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

R ZRE: BRI E S A 99

BIOGEOCHEMICAL CONCEPTS AND METHODOLOGIES:
DEVELOPMENT OF THE DNDC MODEL

Li Changsheng
(nstitute Jor the Study of Earth, Qceans and Space. Unmtversity of New Hampshwe, Durham,
Insntwte of Earth Environmen:, Chinese Academy of Svtenves, X an 710054)

Abstract

Biogeochemistry, as a scientific discipline, consists of four concepts. They are
biogeochemical abundance, flow, coupling and field. The four concepts interpret
relationships between life and its environment, but from different angles. Biogeochemical
abundance eaplores the correlation between life and 1is inorganic environment (e g..
earth’s crust, soil, sea water etc.) in their elementary abundance, which may originate
from life’s evolution and determines current life’s dependence on the environmental
chemical status. Biogeochemical flow describes transport of chemical elements between
life and its environment, through which they form an interacting entity by exchanging
matter and energy. Sometimes we call the elementary flow as biogeochermeal cycle
when the flow closes within a meanmingful time span. Biogeochemical coupling answers
why the chemical elements act in couple or group during their transport and
transformation in ecosystems. Biogeochemical field is an assembly of the environmental
forces, which determine directions and rates of all relevant biogeochemical reactions.
Biogeochemical model is a mathematical expression of the forces and their effects on
the elementary abundance, flow and coupling. To predict carbon (C) and nitrogen {IN}
biogeochemistry in terrestrial ecosystems, we developed a model. DNDC, by
integrating the biogeochemical concepts into a computing framework. DNDC consists
of two components for predicting effects of basic ecological drivers (e. g., climate, soil,
vegetation and anthropogenic activity) on environmental factors (e. g., radiation,
temperature, moisture, Eh, pH and substrate concentration gradient), and effects of the
environmental factors on nitrification, denitrification and fermentation in the simulated
ecosystems, respectively. Trough validations against dozens of data sets measured in
cropland, grassland and forests worldwide, DNDC has demonstrated its ability 1n
predicting C and N cycles as well as greenhouse gas emissions in a wide range of
terrestrial ecosysterns. DNDC has been linked to GIS databases and remote sensing
data sets lo scale vp C and N predicticns for large regions such as total croplands in
the U S. and China,
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