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Abstract: The hilly area of loess plateau is well known for its high erosion rate and sensitive to the global change for their
vulnerable ecosystem. Vegetation is the main factor to improve the environment of soil erosion and water loss. The net primary
production is the significant characteristic of ecosystem structure and function. The production of different vegetation types and
plant species under various environmental conditions reflect their adaptability to Loess Plateau.

In arid and semiarid ecosystem of Loess Plateau of China, the average soil moisture is quite low and the patterns of
seasonal precipitation and the quantity of soil water availab:lity are highly variable. Because of this, water is a major

determination of ecosystem processes. Modeling soil water dynamic and soil moisture spatial distribution at watershed scale are

very important.

A model (VSIM) to simulate net primary production model at watershed scale was developed to explore the effect of soil
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water dynamic on the primary production processes. The model coupled a soil water dynamic module and a vegetation growth
module. The former is a daily time step, multi-horizon, distributed spatial model. The later included a mechanism model of
stomotal conductance based on the mechanical character of guard cell, which used to reflect both the influence of soil water
potential to stomatal conductance and the stomotal control to net photosynthesis and transpiration processes at leaf scale.
Scaling up to canopy and watershed scale through considered the effect of canopy structure and heterogeneity of topography.

The main inputs of the model include photosynthetic characteristics of main vegetation type, meteorological data, soil
texture and physical properties. The outputs are soil water of 4 soil layers. evaporation. transpiration. runoff, net primary
production and biomass of leaf, stem and root. The model was used in Zhifanggou watershed. which located in forest steppe
zone and belonged to hilly area of Loess Plateau, and the model validation was tested by observation data sets. In the modeling
experiment, simulations show to provide good approximation with field observation data. The simulation of biomass of grass
and sub-shrub are better than that of arbor and shrub, and the dynamic of LLAT of main vegetation types have well coherence
with the observation results. The model could reflect the processes of precipitation-runoff at the watershed. and could indicate
the spatio- temporal changes of soil water content.

The simulation results show that (1)Form. R. pseudoacaciat and M. pumila have highest primary production with lower
transpiration, and crop, Form. B. ischaemum and L.davurica have higher primary production with highest transpiration. and
the primary production and transpiration of Form. A. gmelinii and A. giradii. are all lowest. while Form. H. rhamnoides
and C. korshinskii have moderate primary production with higher transpiration. (2) Soil water keep balance at long term, but
with fluctuating in short term. Soil moisture of Form. R. pseudoacaciat, M. pumila and H. rhamnoides is deficit higher, soil
water is complemented at end of year for Form. A. gmelini and A. giradii, and soll water keep balance for others. Soil
moisture is higher in high-flow year than that in low-flow year for all vegetation types, and shows serious deficit in low-flow
year and abundant in high-flow year.

Key words:stomatal conductance; net primary production; soil water dynamic; simulation model; hilly area of Loess Plateau
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Fig.1 Structure Figure of the model of net primary production at watershed scale in hilly area of Loess Plateau,China
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Table 1 Simulated mean net primary production, transpiration. evaporation. water use efficiency and water availability use ratio of various

vegetation types during 1990~ 1999 of Zhifanggou watershed

Mo A R ME-HEEN  KEE HAER HE KaFMAKE WUE KER
Vegetation type NPP{(g+m2+«a 1) T(mm) E(mm) ET(mm) (gemm tem2ea1) FEHART/ET
HEAK Form. R. pseudoacacia. 442. 70 160. 49 312. 96 473. 45 2.76 0. 34
B Form. M. pumila 380. 87 140. 43 337. 84 478. 27 2. 71 0. 29
U BRM M Form. H. rhamnoides 282. 08 213. 21 265. 21 478. 42 1. 32 0. 45
Fr 9B\ Form. C. korshinskii 284. 74 208. 05 258. 41 466. 46 1. 37 0. 45
GAr BBV Form., A. gmelinii 127. 74 120. 64 334. 49 455.13 1. 06 0. 27
ILHEBETE Form. A. giradi. 166. 12 124. 01 330. 07 154. 03 1. 34 0. 27
FERRETE Form. B. ischaemum 280. 46 221.16 239. 14 160. 3 1. 27 0. 48
RS BEEAE FBEY Form. L. davurica 229. 00 235. 9 215. 2 451. 1 0. 97 0. 52
KA Crop 356. 60 248.11 210. 1 458. 21 1. 14 0. 54

REERBIRUG R, 1990~ 1999 FRBARFHBE AR S EVPYHBBRE AT KB X RE. KO
EHKTABRMARAGT TR AR, B AR R NSRS A, TS S, 08K, B REY
HIB PR — A IR BB RN EEN SNBSS e ARE MY BEN SN QBRI AS T
AR FRHERNSE LT NEP AR EXRE A ERER B ERE SR ANERERR. MO BN R
ABFEERE CSEAR FRENMREYNEBERE NEARERE L HNH TFRENKEYNE R BRI, B,
R KRR E EEHENRRRRE MUBEA FRAEANEEERENREERE D, G RARE Bl Ak R R
HESSEE - AT I REMABRRE. B TE LS KARXR BYRKSFRRRWUERE . fi K54 58 Re
RCT/ET) s REY R ERENE S BTN E A R BRI EEEKBERRE . ASF SR WUE)
WHER BTRAS-BEBRY . KAERHARRKT/ED) MG SR A BB e s A R, R
BEM B TRAE REBAER K FRREWUE R E MR R T/ET) B ; ¥ 50 M FIF: 2508 M BG  88 — i A
TERBEBEREE . KSFAREWUE) B,

4.2 AFEHEBAR T WKL V&2

THKSREYEBHEE KRB FIETELTERR LSS RRERKEE LR E THENAERRE . + 3
Ko IRBLR RS BEK K Y AAURBRR IR R R, RN T EYAE K &S

1990~1999 41y 10a [A] . BFFT X P REF B H 471. 4mm, Ik 1094 SEETHE B B X 606. Smm, 25 3 K 4E; i 1999 4 &/
Bl 333. 3mm, ARAKEE. K2 AN THRAR AR BAR 1990~1999 4F K& F 7K 4 (1994 4 ) FI R IK4E (1999 ) 2m T2
NEFE TS KBHFE LB EROBENER AT WS LERE FRK X T HKG RN EBFEFI RN L& AR
KICEFER R X TR FAEBIE R, KA EBEFH AT, BHARMEGERRNZ BHEEEE R Hhflm
MGERMAY BEATE 10a B EFES L. Rk DI EENDEE SR FFEEARKEY HISE 55 /i FTEBEMLG
EHBTRHEN T RS KBER 10a PR FH ST ERENEEREN IR KEBRERS . FOK FEAFAE 2R A 1
ERKEHRHEETRXKE HH 2m tEHNEELHLWMAL SENTUEEKERZA YRS, MAERKERANHBEH S
R FEFKE, AT REAN LIRS EMBIE R HERXKEUS L ERENREYN KDY SHE L.
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*2 KYHARBEAFEBEAR 1990~ 199 FRFAKEMITKE 2m TENEFEHIRNEKBRELRKS SRELER

Table 2 Simulated mean annual soil water content and change of soil water content in 2m soil layer during 1990~ 1999, high-flow year and low-

flow year of Zhifanggou watershed

EEHAEE KR G.(cm e cm ?) KBTI AW, (mm)
AR Mean annutl soil water content Change of annul soil water content

Vegetation type _ .

1990~19989 1994 1996 1990~1999 1994 1999 B
Rl AR Form. R. pseudoacacia 0.076 0. 083 0. 064 —10.0 4 - 24
R Form. M. pumila 0.077 0. 086 0. 065 -~ 10.0 10 — 22
o BE A\ Form. H. rhamnoides 0. 085 0. 004 0.064 —10. 0 8 — 28
&M M Form. C. korshinskii 0. 120 0. 135 0.102 —2.0 16 — 34
G BB Form. A. gmelinii 0.129 (0. 139 0,118 2.0 14 — 28
FEHEBEK Form. A. giradii 0.129 0. 139 0. 116 2.0 2z - 30
FEBBY% Form. B. ischuemum 0. 125 0. 14 0. 106 0.0 12 — 46
A BB FE8%E Form, L. davurica 0. 128 0. 115 0. 109 0.0 12 — 26
R AEY Crop 0. 114 0. 136 0. 089 —4.0 12 — 54
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