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WiER TWFE F K K B WA XA
(P E DR e Ml B -5 g b DX SIS JIT /A b 308 T 05 75 e s i) B o S 6 =/ v [ A M Bk 2 B - 95 BT T AR AT IR K24 AT R
SR AESREV R G LI, Jbat 100081)

# E DNDCEABZHWERERAGWEN BRI MFERZ — TUHEEHNES -
FEERSMRARAHNER RERFZEL TN RARY £, LR TER T HES
ARV ESARAMBEAR BLBRLERAEHIBNRE SR, TN T HERR B &A
BEWER LERR T BREHNMEDN AR ER, WA T HERZEEREA NS R MRS,
HARTHAREENTER XERGFOEm T RAENLEKRREH AFKE BEER
W h MERE TRAASE AT FHEARXT 005 A T E. w5 09 A 3% A Lk
U EEAGRER AXRPHEFFTEHTTAERIE FERMMRXERE LH#ATT 2K
ek, 4 DNDC MR 77 42 oy P L, L 6 R A BRASHUR E W MA KRR R %
BAT Tt & E, AT T A A b ELR A 7 op ey STk, DU O AL e B g e R 4R B A
FEHHMBE T ERL £

%48 DNDC;  E Kb, k3, 5 A

Modification and application of the DNDC model in China. XIE Hai-kuan, JIANG Yu-qian, LI
Hu® , ZHANG Jing, CHANG Nai-jie, WANG Li-gang ([Institute of Agricultural Resources and Re-
gional Planning, Chinese Academy of Agricultural Sciences/Ministry of Agriculture Key Laboratory of
Agricultural Non-point Source Pollution Control/China Joint Research Laboratory for Sustainable
Agro-ecosystem Research between Chinese Academy of Agricultural Sciences and University of New

Hampshire ( CAAS-UNH) , Beijing 100081, China).

Abstract : The DNDC model is one of the most successful biogeochemical models, which can be ap-
plied to a specific country or regional environment condition. Through continuous improvement and
modification, scientists in China have developed a unique version of the model adapting to agricul-
tural ecosystem of China, such as modifying the default parameters of soil water and nitrogen trans-
port processes, introducing the soil conservation service curve and modifying universal soil loss
equation to control and simulate the surface runoff, establishing the parameterized module of the
film mulching management practice, and adding the manure management sub-model into the origi-
nal version. These changes could not only increase the capability of the model to simulate the soil
water and nitrogen migration, nitrogen leaching and surface runoff, but also expand the application
range in different agricultural ecosystems within various management modes. The improved model
had been tested against a large number of observations on soil organic carbon, greenhouse gas emis-
sions and nitrogen balance in typical agricultural ecosystems, and then applied on both site and re-
gional scales in China. Furthermore, this paper discussed some problems of the DNDC model, such
as inaccuracy of the simulation results, difficulties in the model parameter correction, and inade-
quate model module. Finally, the developing direction of the model was proposed, so as to enhance
the applicability of the model, and more importantly, to serve agricultural policy making in China.

Key words: DNDC; China; agriculture; modification; application.
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T EAE AR K« A Dok, Hol &
JREUS T HITAA B4 RSt B LA R =g B
EREE AR A A TOR G B AT | A A
PR O 260 A T Rk B 58 R BRI R A, 4 CO,
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AR R E R A5 B R, A E AT
A CH, AT N,O 43 51 o 4 [ S HE R i 19 56.6% Fi
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T E BUR AR LA R A IE T K A 4505
) EL R 1. A, o A HE 2R R O B B 53 XU
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BN 4x10° ¢ A4, 2 A Ak RUIR FH Y 19.0%
JE AR AT G O BN AR X KA TS G iy 2R
R TR, TE A BPAG Al 2 7= R B AT B et R S 422
FERF2E G A ) — R,

SR, Al A 25 2R G ik RGP A IR e T S
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REER R R AR IZ AL LMY, fA] B0 22 30 PEARE 7R
TEN T HRERRG, b T HiR W% — = 4
)R GEad f N G AR ( SORRML AR 7R ) AN T ke
Go b B Ry — o 5 B R I A2 IS O i 2 A
ik, EFR EETF R IIFZDIRES T RERE AR A
IR A Y R fb 2 o B AL AL T L A 44 1Y
CENTURY ,DAYCENT ,ROTHC ,WNMM #1 DNDC #
RUGE o Az ) BR Ak 2% 455 7 ( DeNitrification-De-
Composition, DNDC ) #5815 33 SEARRUAH [Y |, 55 K Y 47
SURBRAERI B AL CO, \CH, A N,O HEBGT R4,
REE RVEHXEY) 7 i AR R SR 255 TR AR
BLH, B Ch 2 B2 R 78 R0l A 2 2R Gk AU
REE E T ORI RY 2 — DNDC AR 6 Bl & 8 Sy i
A 2R B X R A5 1 AR R B Brown 250
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T HEIREE I AR, B T S Ak 3 N, 0 HE
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it A AU TAEBERA IR E R R Zad AN
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N TR T MU R N, AR SR R
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P Bk, AT LA 3 [ B AU P ST 4R 14 D
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1 DNDC #& 3 7E vh [E B 24zt

DNDC £i% i 35 [E New Hampshire KL %[7]
T 1992 AEENT., W) R LAl A AR TR A3V R
FEBALS R, T R E R 13 N,0.,CO, i
AR B B R B KR AR A8 B it
WA TR KM A Z /i T A R B 2N B
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UK PEARAERIHEAK UL, IR F] Langmuir 75 FEAALL £
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SIRMAR AR SR G, IR 25 22 57 K  ZAEY 4
Y HLHR /N SR AR S BRI B A LR T 1R 3
55, DNDC #8455k = 55 3 1) 2 H00FN B REASE B,
I, o I AR AR AN () 75 SR X B R AT 1 AN
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T BRORG 4, L fif DNDC AR 78 R L 5 oy 8 [ Al
A7 B ELAE B
L1 FAMHE TR

RIS BT 73 | 7S 18 BRI [ TR B A2 3] )2 5
TR AL SZ PR BOK SO Rl i B A2 A8
Yy IR BE 2925 pR A5 F FH DNDC AR 1L AR
A BRIV TR R 2 /N 22 0 7K O R IR
PEATAGSEL , P B R 5200 21 1) - S 75 /K R 285
R EI R RLADR 0 UE , R IR X + K 4y
VR ZR 15 B AL HE R PR 30 A7 7E — 2 I 22, U2
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SRR = SRR, S — 2D K T R Y N E
Bl S g A 1 R 280 L3 B L A 5 8
AT EE T H.
1.2 AWK

DNDC A58 2 AR 4 — 4 3 ] - 7K o3 () Ay
FER SN - e K o3 iz shad A2, G BN 78
K R BiEs R KSR A G 1
IR A B e RS- 3, PR AS BE A8 At 30 e VD T v
HUMEFRICE SRR TR A A T R 24
T TN 20 2 i A5 A A S A B RN, 4 587K 43K
S A SR T 1. Deng 251y 1 AR R AT LAAE
H RUEE I [R5 ALK 3 2 0 2R 28 0 M Bk k22 106
I BT LR b AR U 2R (SCS k) FMEIE Y
3] A 49 2 7 B ( MUSLE 52 ) 3£ A DNDC A5 %1
Hh 3 U [ R T A TR ) G K e AR
TR AHL T HEAK 2R AL RE ). AE DU 1 R B
UGF 45 B R 0 1B T0US BY DNDC B 50 7 M 8 48 3
M BRI B R K T T A RADLE S SEE Y R?
43514 0.99,0.98, VEW) 7= 5 - 1R 228 7.7%.
Zhao 5" g T fd DNDC 58 1T Ly 45480 e FH 40
AR , X DNDC AR AT T —Sef& ol £ 45
I —A~ H M 300 2% s B PR 5 b RIS A 3Rk
FORE LT 0 K SRR IR R R oK s A HE T
DNDC FE7 et (1 -+ 875 5 AE U B R R & T
KRB LR N 108 LRI 1 N 1%
5 T AR ASEHLURG
1.3 FERRTK

KGR R = 153 AT AN 38 S5 I L, ™ o o) 2 25 3R
] AR X S8 28 55 1) 7 P /KRR B e R B A
FEAL X R PG X AR 3] T K e
Han 25" T {ff DNDC #5581 ] LR i F F 57457k
B, 7EJ5 4G 1 DNDC R 51 rhofin A7 78 5 el
FVE RERF LT [R] 2 A Br S8, P 3 i e SO A
ZH0T LR DL I 25 S . i TR ROR Y
DNDC A YR Ab TR R RS ET, B3R )Z R
JE ATk AR S EdE R A H A2 SR FiZ H B
A SR E N A E AR, RS
RS Z BN, LB T BT
)2 S8 BRAR B R & B s R R I Hik
TE T BT L HEREE (0~ 50 em) 715807 2 HEEE
TREFEA | XGH A5 1) 52 i R AT LAZEAR A i i) Pen-
man-Monteith 5 #2 & HAH OG89 7 #2115 , ik s
(AR AR T D) e A T3 3R K & DA R Ve B

H A KTk Zad Btk J5 19 DNDC AR i) DL 4f
HbASLAL, - S IR E R K Ay AR R 55 AR T L R?
A3k E] 0.86 F10.72 ;% B X R* -t 43 51135 £0.80 1
0.79. B —FE I , AN J2 0T B IX i 2 v R =5 [X
WCHE I BT GT TF E 9 7 d RSE DL O 155, 3 3R B
BT AT i — 20 Rt Ay 25 ).
1.4 FhFERGLEE
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2, R T P55 G 19 ATIE K B LAk B U
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JAIREG 36 1Y A HLRR (SOC) 5 AFHBLAE A 2 4
(4 R* 3551 0.97; Yu 2 1B sm UM 4L /I CO, HE
JBC R 0.81 5 Hp i 25200 7 11 AR 48 28 28 T RADL A AR
M N,O HEi R* 24 0.82~0.87. {1 T-4% [ + 3R 15 %
ZFPA R, JF HOR R X S Rk R s
K, T BB ot 2 SR 5 SEIE 2 [ A A D 22
T A T X AR A A T AR ) A T 5 %o A A
A SR8 RORISE A (il S BB (9 b FE. Pl TS AR
AT AN ST 1Y, 14 IASE 0 (4 S DR B A7 7 —
MERE PG, DNDC 558U [ 45 1 3= B4 v 78 X458 70 i
B S BE L AT 2P0 FE 1L AR 282 T KX
PR 0 TR R AL 15 6 DNDC B AL b 5 + ek
JAH RS E (P i A R SR R EALER
JE AR AR AE ) SEA AL IE , A8 I I AR AR AT DL

* 1 DNDC #REUEHIE S SElME xT bk FnZ&iE

TRERS AR L 12 i Fry = B 1 5 ) Bsf R L 8 B b A5 41
TR K P N,O B HER R ; B 2 R L
A iR 0 4 R A 4 2 4 DNDC AR v 5 4
INZE RN KA KA OG0 80 Uk b Je KA W
= AR AERERL o T Ee | o T AR S KR AR
5 ) AT AL IE , B OE J5 AR TR AT DL A dy b AL 2
oA - TR A AR e T A UL R 214
A+ N,0 121 28R AR AE ; 28 B AR5 i ad
VLA B4 A 7 150 R HH D S 4 e 1)
e, WA S RO 1 e AT O, A5 SR R I
DNDC 5504 A2 ot B AR B RS o0 R, A1
DU HERTRT MCMC 7 25 B 6% A 250 S AR Y Sy
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I

Table 1 Comparison and validation for DNDC prediction against experimental measurement

(BIESN LAl g RB PR 2 Hhg SCHR
Crop system Validation Correlation coefficient RMSE Site Literature
(R?)

U TEP N Fo Nk - - INARE T [9]

Wheat/ corn/ green onion, etc.

INEE 7 B INFEEE N,O 0.72~0.76 - A Al B 2 B - e [17]

Wheat/corn/oil, etc. RERBMIF 5T B S 56 G

KINE/H Tk soC 0.97~0.98 - AT HB AR T oty e ety [18]

Winter wheat/ summer corn

HBAE Cotton co, 0.81 - i [19]

KN/ H Tk N,0 0.82~0.87 - INARA LT [20]

Winter wheat/ summer corn

K& Soybean N,0 0.574 - bt B IX [23]

K Corn soc 0.975 - WEEH IR, R [24]
LA IR

WAL/ 2/ N/ SRR €0, \N,0 0.79~0.90 - LA HR R i [25]

Cotton/winter wheat/summer corn

KINE/HER Nk 0.94 - TR A [26]

Winter wheat/ summer corn

EUNTTS-E% S soc - <10.0% A EEE [27]

Winter wheat/ summer corn

F/NA /i . Spring wheat/peas soc 0.895~0.977 N Hila i [28]

RNFE/HE K N,O bR 0.980( 13k ) - TG A R ARRL 2 B i K [29]

Winter wheat/ summer corn JERoav}

/NZZ /7K Wheat/ rice N,O &% 0.53.0.68 - AL Ak Bl 27 B w9 [30]
SEHl

U TEP N & WK N R - - N REIN Tk [31]

Wheat/ corn/ green onion, etc.

ZINE /B F K AEK N, 0 0.701 ( FFAEK) - Jem T X [32]

Winter wheat/ summer corn

JK# Rice soc 0.95~0.98 <10.0%  PERERAFHIAEAY [33]

EUNS 5BV S Fea (N kR - - )i e B [34]

Winter wheat/ summer corn

IKAE//NAZE Rice/ wheat N,0.CH, - - B o TH R B L [35]

KN/ HEAR SOC =&t - - Bt ik B [36]

Winter wheat/ summer corn

% F K Spring corn Soc - <10.0% R A EWE T [37]

# % K Spring corn €0, N,0 i - <14.0%  ILTHEET [38]

/NFZ/ K Wheat/ com soc 0.904 - B GRS [39]

/NFZ/ T K Wheat, corn SOC - <10.0% R M T AL B X [40]

SOC: +HEE P Soil organic carbon. FIa] The same below.
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DNDC A AILE = N A 4G 20 142 90 4FAY
JE, FEAERIER T SOC B2k & %S
40 o, .CH, \N,O HERB A B A A R kR AL 5
7 2 J& DNDC A RIAE R [ S A R 138 FH G L.
L UEY R BRG0P F DNDC A R A4
T BRVG A W Ve s 1 XA [R] it A AR 3T Y 20 A RIS
% TR AR AL M B Y I T AR v i
DNDC FERIAFLL T AN [) 5 BEAS i X T K 7= i ) 5
], 45 R vl /U I RS AR A B T
2 X K
3.1.2N,0 HEjile b A& F DNDC B RS ELT
7R 82 TH KL AR A /INZE B BRI N, O HEK
P BFSE S IAE Rl W T3 /N 3 e e
B2 88 W R A %) 42 ) 2L 38 B0 e s 06 1 52 94 9
B AR s o AR SO A DA B A A lb Bl 2 e - e
JERHIF 2 ST 256 3l FH (03000 45 ) N, O 3 2 36 4F T 1%
BRI AR S T AR IE 2% A R E R it A
[i] o3 T e PR R 2 X4 N, O HE TS o
L3 AHLEREh AR T ar KIS FE i b 4 HE
i il JE R 6 25 FH DNDC B R 48, 1 A 5] BB 7
X A LA AE AL G 5 M, &5 S 3% W S Bk O it
112.5 kg - hm 2 & B (46 N) B & S4ER e
4500 kg - hm™ P + A ML AK LU B0 45 B 3G i T
62.0% , B #F I Jiti 1 187.5 kg - hm™ & JE . 150
kg « hm ?BEAE BB S BARARSFFA I 4500 kg + hm (1)

&2 DNDC REFERMRE RN A
Table 2 Point scale studies using the DNDC model

A HURR 5 B LA AR (B I T 56.0% . W 457
TEI A4 B e B DNDC BERUBEL 1A [ i A A B
ORI [R] B N S AL ARk, 45 SR At A
HUIE 3988 BURK 538 IR H AR IE IR B .
3.1.4 BHENEIE Yu SRR ] DNDC 5 AR
LT R FE ) - SO R &5 SR R WA R K AR T
CO, EFHR R 15.0% , (H 2RI A] DL b 452 40
FRIF I 5 PPl el 25420 7 U ) 1] 4 A B b DXL 1 4% 7K
M -7KAE TR/ ARG D /INZE KR ) 3 e A ol
T T e 25 R 3 AT KRR AR K
CO, HEHE 25 AT AR 7R JE KR AR 1 9 -
IKFEH NZ KRR 2 PR CO, HERGE & 551
R &K B -KFE AR IR TG 5.8 A1 6.2 45, 53 41, iR B
WP W EAR ) A A ) AR 2 R 4 T - R G 1) 2 23
a3 A HE KT AR P I BT R R OF 2k 59.1% ~
63.0%.
3.1 S kiER O 2RI AR B T TR
FH DNDC AR 0L T 3% b A B R0 i i 35 A+ 45
RGN, 25 R R h T E P A T B b2
A 52 A= R 7] s 3232 68 TR R W 45 TR R 15
M. B SRABEHUA 25 5 5 S B B) 7 A D 22, (R %5 SR 3
]S PRI DL & 24 P, B B At 3R B T 3R
FFEA T RS A AR S Y BT U 1 h 5t B
0, gl A= A0 ol - 4 AR R R A I, 45 SR R
ZH N EORER VR Y R EVA R R BRIk 36.93
kg - hm™, {2 4AERNEFHE Y 13.2%.
3.2 Xk (s ROBE R

BERLAE 67 RUBE B (W 30E A T AR &l TR

(=S Bk b SCHik
Crop system Validation Site Literature resources
INZZ/ TR/ R AF Wheal/ corn/ green onion, elc. e N kR IR E T [9]
K INAz /B E K Winter wheat/summer corn SOC AT A TR S T il Tt sty [18]
Fi4E Cotton CO, PoE [19]
K /NF /3 T K Winter wheat/summer corn N,0 INARAE Fe%&h [20]
K INA /K Winter wheat/summer corn SOC R B [27]
F/INF /B Spring wheat/ peas SOC Hika Ers [28]
JKFH Rice soc [lEENaa v [33]
2 /NF /3 E K Winter wheat/summer corn 7 N kR U R = [34]
K INA /K Winter wheat/summer corn SOC =g B PG48 W N X [36]
% F K Spring corn SOC TN FEISTT [37]
/NFZ/ FE K Wheat/ corn SOC S E ASE [39]
INFE/ T A/ INEE Wheat/ corn/ il N,O SN LB B AT 5T BT S 56 v [41]
7K F& Rice €O, D) 48 4 st L [42]
JKF5 Rice C.N 3R WL BT [43]
/NZ Rice C N fE# B Kt B [44]
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FAY X IR -7 Ry AT ] 5K A A 25 A 855 )
TR AR KB | S AR 1, AR A A K X 3 [
FIPE FA7 38 N A (A5 0 55 F3fE ) DNDC A5 754
F4) DX SRR D B 7 r AR B SR | 2
F, BB D3RI 43 R 22/ INB BT, T A B — /N 2R
TG N 45 ol 2 AT 2 141 50 f A5 TR T 75 2 A1) 45 A A
FLBAL T R 11 5 b g A S8, IR 1 1R
TRUFIAS A it A5 0k [ B AT EE S 1 GIS B9 e, A
RN BT PG — L, B — P TR — PR S
A SRR R 7 (I A AL 8 5 B A AE 40 5l
BRI 2 W, DA/ 22 , 43— 5D BT A 235 B ok
F3m B A5 2 X R 0 45 B R 3 HI % T
DNDC ARARI7EF [F] X3REE - 4 10 .

3.2. 1 fE i AR 4245 ] DNDC #1540
T G HURRAE AL VR 7= B Y 5, 45 SRR B 2
HHEAPBR SRR g C - kg™, RALHX T K=
AN 176 kg + hm 7 AL HBIX B B oK 54N &

%3 DNDC EBZERXIFRE LRI A
Table 3 Regional application of the DNDC model

AR, e R BN 454 kg - hm ™7 PUAL oK = ]
HEMN 328 kg + hm ™5 FPRG b X B K RS 7 ]
185 kg + hm™; H8 7 Hli X X 2= i /™ o 1 4% i 266
kg « hm™; PU G H X K AE 5 4 /N2 S AR 7 B w3
229 kg - hm™>.Chen %) ¥E [E 52 B |- F DNDC ##
RURTADL T FRIE K e 7™ i A2 Ak, 4D 45 SR 5 2 4 S
55 A BT — B

3.2.2N,0 HEit A=K A% A DNDC # R L
5] 2483 A~ E 1 S AL AG B T h E AR A S
RGNS SR N, O HEjl, 25 R 2> N,0 F
AR it 2 AR A0 0 SR A SRR o PR b T S ) i S
AT R A A g 8 PR i it A T 1 B N, O 5
HERCA AR, Qiu 45 75 BT Jr b H ol R
TEIR DUNR IR A5 R GE 56 N, O 1 HE R 2 56
UET DNDC A8 I H 700 T 32 Hi XA [+ i BE Fn A
FER AL FER A9 N,0 B0 & Li %5 8 R
DNDCAALL T 7K 5 HH il 28 SR A HE O 32047 DX 3730

M 258 BIE X Sk
Crop system Validation Region Literature resources
VEY/ 5 T2 5 Crop/vegetable and farm N e L 25 7N Tl 3 3k [15]
KN/ 2K Winter wheat/ summer corn N,0.CO, ks [25]
2 /NAZ /T K Winter wheat/summer corn N 2k KIRSCE T [26]
INFE/ BK/BRFE Wheat/ corn/vegetables RSN AR /N AT 3 3 [31]
INFE/ T K/ IKFESE: Wheat/ corn/rice, etc. P EEEINGS [45]
JKFE Rice 5| €O, N,0,CH, EEIN: 3 [46]
INZZ/ A/ IKFEEE Wheat/ corn/rice, elc. N,0.CO, .CH, EEINES [47]
INFE/ K/ IKFEZ: Wheat/ corn/rice, etc. SOC,CH, .N,0 EPIN;S [48]
JKHE Rice N,0.C0, .CH, EPINS [49]
K INF /2K Winter wheat/summer corn N,0.CO, bOE| ) [50]
INFE/ K/ IKFESE: Wheat/ corn/rice, elc. SOC ERRE [51]
INFZ 7 T K/ IKFESE: Wheat/ corn/rice , etc. SOC BEEN;S [52]
INFE/ T K/ IKFEZE Wheat/ corn/rice, etc. SOC EEINES [53]
INZZ /B A/ K FEEE Wheat/ corn/rice, etc. R T ERRE [54]
JKFE Rice CH, ERRE [55]
JKFE Rice CH, =YL [56]
K37 Soybean N 63 =R [57]
INZZ 7 A/ KRGS Wheat/ corn/rice, etc. N,0 ERRE [58]
K7 Rice CH, .\N,0 KL= [59]
B NS VA L Corn/soybean/sorghum SOC LTH [60]
FoK/KE//NE Corn/soybean/wheat SoC WEEH AR X [61]
INFE s B/ K KT AE Wheat/ corn/soybean, ete. SOC PRV M I T [62]
Ek Com soC MBIV A LT [24]
INAZ 7 T K/ IKFEAS: Wheat/ corn/rice , etc. socC STk [63]
FK/ KRG INFE Corn/soybean/wheat, etc. SOC obay E b3 [64]
JK#E Rice CH, Kb IX [65]
U VS YO NTE Wheat/ corn/soybean, etc. SOC BEEN;S [66]
JKAF Rice CH, K HbIX [67]
JK#H Rice CH, =R [68]
JK#E Rice SR R ER R [69]
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