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The CNMM-DNDC, which 1s developed by the authors, 1s a three-dimension (3D), high-resolution and process-oriented terrestrial hydro-
biogeochemical model that fully couples the cycling processes of carbon (C), nitrogen (N), phosphorous (P) and water 1n terrestrial ecosystems
at site, catchment, regional, or global scales. The model can be generally applicable for long time 3D and “3H” integrative simulations of
terrestrial ecosystems 1n different bioclimatic zones from tropical to boreal permafrost regions, wherein the “3H” 1s referred to high spatial,
high temporal and high process resolutions. The predictable variables include at least hydraulic soil erosion, surface runoff and subsurface flow,
leaching of water and C, N and P solutes, horizontal flows of dissolved and particle C, N and P substrates or matter, emissions of greenhouse
gases (carbon dioxide, methane, and nitrous oxide) and gaseous N pollutants (ammonia and nitric oxide), ecosystem productivity, water
evapotranspiration, and balances of energy, water, C, N and P.

MODEL MODIFICATION #1 MODEL MODIFICATION #4

Processes of heat conduction and energy balance in CNMM-DNDC A new module for forest growth derived from Biome-Bio Geochemical
were modified by referring to the NEST model, which greatly improves  Cycles (Biome-BGC), including photosynthesis, litter decomposition,
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T g W Orginal moe Revsed me DNDC to improve the model performance 1n simulating the plant
e Jefrselricl L tmproved processes |, T im0 growth of forest ecosystem, as well as the related water and carbon
A LA Canopy i i Q ' ' ﬂU,XGS. The gross primary productivity (GPP)
veretation — g E S"ﬂotfh;;‘l‘;;f‘z's‘fmi“ : ; N " @ at the Changbaishan Station
\ i I : 2 2 20 — _ . 350
om— : Ls [|Hse £R5“1rRlsc “Rl : : 3 0 0 /\—/-'*\ A(V or J) gcoz(ca Cl) 200 Original
F;;:f iiﬁi: o :'E : i T40606 140906 141206 150306 150606 150906 4001 140901 141201 150301 150601 150901 o B0 med Revised model
E, ' | CNMM-DNDC | Dt i Viax(Ci= 9) o= 200
Mineral s0il —m g I ! ~ 3400 A — max 1 MR —
E G : : :,i 553§§ (¢) Net greenhouse gases (GHG) emissions of CH, and N,0 \ 0 - leaf ‘é 150 | Observation ‘
E i i : Cl_l_ KC(l_I_ K 2 ) (;)D 100 | "7'?? “,: |
Bedrock ‘ﬁ : Freeze-thaw cycle : © S/ 50 ALk
e | I LA ks
L : JC:- ) B
TGU P AJ: B Rleaf -50@ S © o © © © o = -
A : 4.5C+ 10.5
AR = Z 5 B <4 @ oz B K
Date

MODEL MODIFICATION #2

Two new mechanisms regulating soil pH were established.

MODEL APPLICATION
Till now, CNMM-DNDC have been tested or applied in environmental

. e s s [ ] [ ) [ ] [ ] [ ] [ )
Upland: Al cycling in soil-tea tree system protection management practices in 15 watersheds or regions distributed
N A % (2) Modified model: N,O ? (b) Modified model: NO
L a) Modified model: odified model: ° ° ° ° °
5 PO in subtropical and temperate climate zones in China.
2 L] g : Nang | 167 c
= ooms |34 X © FERB A G00ha) | @ BXH ] ik (1600km?) ® W BB (16500km?) | @ BFRITH (10244km?) ® BT 8 3 AN A (1.89ha)
04 n; N IZ-N'.MOM) E n; SN i W DEM
R raa S (2'0 - 3'00 - p4'00 001)50 BT 8 — :6 - th 0001)32 GHG Lok : CHG S0 GHG i GHG ;3928
2 50 — 32 — NH; lsso X NO, NH, Ry, b... NO,NH, | ;229 s
- (¢) Original model: N,O ” (d) Original model: NO NPP A Y, A ET, NPP ;{“’?\.f“' - NOs_?‘-‘ﬂi _
301 o r y NECB, NEGB " ——"" Bk ok g
161 g
3+ ] HAR O SKFEMm FaRET
Al Decaying 2 Tz 5. - g i
@, . -
lHydrolysis ke B et o o) o 087, <000D) 1 o ~05% p <0000 ® K VL3 1 (1800000km?) @ B /D LI (0.35km?) @ 5 2/ (11.9km?) © £ M 0] ik (35km2) @) 34 [ W i1 (30km?)
wihy " = res\CH(soil) res)”(Calin — r -10+— T T T T T -8+ T T T T
-10 0 10 20 30 40 50 -8 0 8 16 24 32 . . Fo< DEM
AL3+ + 3H20 - AL(OH)3 + 3H+ Simulated annual emissions (S, kg N ha™ yr™') %ﬂm?ﬂi[}:ﬂ' m:i#d:ﬁ ﬁg,GNﬂs WOE ey R ii I;gl; }l ii IiEII\g34
o oy o NPP ok o TP
Wetland/ﬂOOded paddy: PhOtosyntheSls Of algae Danyan, Hunan Provinc Fengqiu, Henan Province S i m. NECB ™, . 550 . ey A
) B % %g e o Observed | ®) B Il(;{#‘:ﬁ' I A gFa U ' g
3 5 X [ 1 —o— Simulated R R : = §5 —y km | ¥ - -
Photosynthesis 3 B Al o aon B0 G | A
& = 550 AR 4 0P “.‘-:e-""\"' %5 .
/ b g . _ ) g3 H (1320km?) 2 3 1L i1 (50km?) (13) YL PE %2 (166900km?) =BT (26300km?) 5 ] PiA (237600km?)
g _E = | ‘ ¥ 8. . A
OH- + NH,*—> NH,; T+ H+* s s GHG 3% GHG K =M
EE €My e 2= S N S SOC g B NO
* S : - J g -
Ry, = —0.0036/ + 0.1096¢ — 0.7046 o R il - s e NO,
5%, %) * G .
— k R .R + O 25 25 % ? 8 AR G ‘ /- ok i N,O
algf\slr . £ T ;
: E ) 1 o s = 1,
falg g o s 250 & - RET K'\' RET NECB
H - H + “ N O‘M\? o0 i 0’ 2. Q o0 -
T f‘dlg \gwel1(’\3232@3%33liﬁ&?:m \122%6\6'2\ &'f@w”’ ?g:aw\ g:@mﬂe, o V3R T AN B RS HM B2 . smermecomsosmier 20: 00

MODEL MODIFICATION #3

A process-oriented soil erosion model (ROSE) was introduced 1nto the
upgraded CNMM-DNDC, which enables CNMM-DNDC to simulate
sediment yield, horizontal transfers of SOC and particulate N and P.
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