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Abstract: Vegetation dynamics is a new interdisciplinary science. studying the laws of evolution of
watershed vegetation under the action of various kinds of ecological stresses. ecspecially soil erosion.
Fcological stress is defined as any kind of disturbance. natural or non-natural. on the vegetation
development. which may change the vegetation cover or affect the evolution process of vegetation. Soil
erosion is the most important natural ecological stress and human activities are the non-natural ecological
stress. 1n the loess plateau of northwestern China. the vegeiation is hardly developing because the
extremely high rate of erosion tears down the topsoil, on which the vegetation grows. In the areas with
vegetation. such as the upper reaches of the Yangtze River. erosion damages and destroys the vegetation
and scars the land surface.

The ecological stresses impacting the vegetation are: (1) natural stresses. such as the erosion,
drought. storm. eruption of volcano. and the damages by animals. as well as pests and diseases; (2)
human stiresses. such as air pollution., grazing. logging. reclamation. mining. road construction. and
afforestation. Afforestation is positive stress and the rests are negative stresses. In addition. indirect

stress like acid rain is also caused by human activities, In many areas human activities exert much stronger
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impacts on the vegetation than natural stresses. The ecological stresses can be classified as long term
stresses. such as erosion. air pollution, and grazing., short-term stresses. such as drought. pests and
diseases. and acid rain. or instant stresses. such as volcano eruption, forest fire, logging and wind
storms. Vigor reduction and moriality of vegetation may result from short-term stress acting on trees that
have been predisposed to injury by long-term ecological stresses,

Different from other stresses. soil erosion not only impacts the vegetation but 1s also affected by
vegetation. In the nature. the development of vegetation cover and variation of soil erosion is affected with
each other following a law of dynamics. For a watershed. vegetation and erosion may reach an equilibrium
state if the circumstances maintain unchanged {or a long period of time. However. the equilibrium 1s not
stable, Ecological stresses. especially human activities s may disturb the balance and initiate a new cycle of
dynamical processes, In this paper. the quantitative expressions of the long-term. short-term and instant
ecological stresses are introduced based on the temporal characteristics of the stresses. Erosion is
qualitatively represented by the rate of sediment eroded from unit area per year, and the vegetation is
presented by ratio of vegetation cover, or simply vegetation cover, which is defined as the percentage of
the area covered with trees and shrubs,

Thornes proposed a model of geomorphologic process considering the rate of variation of vegetation
cover with coupled differential equations. Introducing the qualitative expressions of various ecological
stresses and revising the Thornes geographical model. this paper established a vegetation dynamics model
and derived the theoretical solution.

Data were collected from field investigations to the Xiaojiang Watershed on the Yunnan Plateau of
south China. The vegetation dynamics model 1s well applied 10 the Xiaojiang Watershed. the Heishui River
watershed and the Shengou Watershed. The theoretical solution agrees well with the data. The results
demonstrate that the vegetation-erosion dynamics is a powerful tool for prediction of the vegetation
evolution. Usually, reforestation and erosion conirol improves the watershed vegetation slowly in the first
10 years but much faster in the second 10 years. implying the effort of reforestation and erosion control
must be a long-term strategy. Erosion control is very important for re-vegetating the hills. Mere planting
trees and shrubs does not work well for greening the exposed land. The results also show that in the arid
areas although people continuously reforest the hills and control erosion the vegetation cover is hardly
improved.

Key words : vegetation dynamics model; human activities: coupled differential equations: vegetation covers:

rate of soil erosion
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1 HhAhFEEz
1.1 HEREFHEDNA

TRERAKBNETBRE. AURATAANREAMNESE WEEVE NN ANELD BAERANE
MR EEDHERSE R, AXANRHABEEEZEREZAHBEMNATERE . EXA"TANEARY
SHBEHBREHFSHEORA”. HBERAMSEN BXHTAMKKHERUREPIAEHLERSH
B, SMBERE X FHERMARSMERREZFANEAR N/ NEARE. REMYIIRRM TRIEN
FHERNHRERAD . FANBRRHE. I0XHREMM L EDIIERE 0.3 kg/em’ M B X B HEH
B E, KEBEEFARRAN T IEGWRENEMBEEN 3~5F, EWBREHMARBE, MK
BEITETERNPEEREETARBAEE P APHFERREIFTANEANARE  BREON
BHETERRAAERAE. . RV ELBEEE,

AN DEXIHBEESRENZIANBTARKERALEINEHAKD . XA BHEE
RN T TEAHBEESEENETIRE. EMABREANESH ITUAAIRRE. - LEER . T .H
K.oKIWRR BRARUERFESY FRESART B KRS I B R IR
EEEAMT WD AR GERILSE ARSI RMA N, HMERIENM S KRB AM S, EF
X AXRESIVEROCEBIARMHHNEN. HTERBESRHLEN I 0E R4 R KB UE
FRSIE R 10a RE K VM A CRAAKRE RENN A O ZHX)., M. SIS RABHEIRY
RS FEMBRESHEPIN A KILBRER FHRAK KRR RFZT DR /.

FEEERIEMAREAL SN AR LU ABFERREX.

A= (A — A)D/A, (1)
AR ANSEEREE A ISKEROKNEHRE KA K" ENREEBRETFHRKRISRE GER® N
LHEZIEER . HERMALSN M BB TR EIE L.

G AN A ERNEEEHREFA LN TREERMESHE S TREAIYFHEFRSKIEFHORNE

I EMBHKF
P.=((P—P)/P,)’ (2)

Kp P RYEFRR PR THERAR. XTARARS X AHARLTRETREHK EW

S ZERELVHER, ERERTTPRARESTEPMAER. SRR ARAEERA SR IRCTH)LE, FHE
A KB R B ,1997,793~802
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CL—Y =— K0, = 1980) (5)

APV OHEESRE . ptE. KIVBRRATZXEEEEEA N 0% KRR IE EHER, HIE K=

0.8a ', MoE . HBHEEMEELRRN:

0.8 before 1980
Vir)y = (6)
0 after 1980

FEPRERAE I A vl LA R Rk v e ook & ik . B0, A F 1958 F KRN BEIT FR PR IR . = B /N 1L 3 350 Y F 88
MEFRKT s%. WATHEBENR AR f. = K,.001958).K,..=0.05a "', KK KR ERKERN A
Al A [5) R 15

W EHRERARWNEEESN . HREKR - BRBEZAMK . TLHEZERBRRE. BRESE
ERWEREBEER Ve W 514

Fo= Vge() (7)

LR FHEARATERRENRA—HFEFA BRERESZENA LEK V. OPBREEHEERK,
XESAERRHER FH V. AXEZEAMILERETLIA.
1.2 HBEEBIHNFEFE

Thornes ¥ FHESEMNEELIERHBE R BH .

dV
&= (a — VIV — cE (&)

%: dE — JV
KR VAEHUESR LREFHE, acd M RASBE.BREE. THAMBEEFRREATFHRE X TE
WX AIRCRE N, PR EBRREEXNIVMAERNE R MR IR ERALEHH KN .
A A EESTHEBEEAZREAEN R =0,

F A Thornes I &G FRAE . SIAEEM AR LT AHMAEMBHE/AA.XEKY . EHOHRE
i A A T O A R R MR P M A SN Fo = Vi [0 B2 4 A5 1 % 420 9 B R
HERIH BMBEATLTEEN E-AEBEHeESI NEFEY.

(':Id'l;:—aV"l“fE:KpPr_KuAr*Kmua{ru)_l_vﬁ (3)
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%} — dV 4+ cE = 0
9\E (1%)
a? — ak + fV = 0
LS T RAHES REW®.
V = ¢ + 6"
E=ur 4 m'f*’”l' + ¢ € mz{’m"r (b
| ¢ o c -
B om om B
My = %?[(u-+—d) T Via+dyY — qad — cf)] (12)

HP.o flc. RHARFGHHVBEHBENFE R,

FAODRRSEBSN IR BOABESs N EABHOE . EERXEHEEET EBHNAZMHRK
B THENELAR., EXHRE T . RaDmE - EFREFARHOHSE EEESE
H¥EFBANEICRE.

dV .
1:’: [,Ipau]rr _+_ {1?€m:rr _|_ Faulrr‘[\[ip M]!{__,u:g.rj"ﬁ - w?.' E - dV‘ . rﬁr J df]df (13}
_ —— dE,
Ei: ¢y d . Hllf?"'lf + €, d . IH_F"'Z’ + ?‘”]IJ\EF a::lffin?:jf—;::?:( _d_r_ _ ﬂEr e fV: df]df (14)
i

X, 1
V.= K, PP, — K, A, — K,,.00u) + Vg o
E.= Eg

WHE RSB mBECHESEHA B V.EARAESKRRAD RO 8 H S-S RMNEE
g
! BMEPHEA

MTREVIHWER. M ToERENRIEE A FERE EFHBEF 20C, PMLF T H AR
T LB 1881 km? AEREFT B 688 mm. F##E ot 1000 mm, ZEXINEBER . BEREAF . EOkkmWEKHASH
107 ZREHAW . ABRNBESERBRORAGHARY JEEIXRT 30~100m. FHERMAEE NI+ 5
FEE A AEKE 130001/ (km’ » )P AT SRMEDHEX. R THRRXTEEHBE S HFSFLE.
Ve sk “FERFI/MLHBRMMEETEE., B1AHTPMIREPTHRAORINBEEAEERE SR

(15)

RV RE ST
REFIREAMRENTEN PRAE TR ITHXNHABESHNFEH:
¢ = 0.03(1/a);¢ = 0.000005(km?/1);d = 0.054(1/a):f = 200(1/(km?* » a*)) (16)

FRAXEER. TURASDIEFBERRPITARNBENEERENRT., ZBXERDHERK . B
W HR. SRR HEARWHEDN, AL BREERNETN A ARKRKE AWHER GERBZRAXE
HAKES, AOHENVERTIVER. BT IS FRERMML T SKNUERRBLS . AREH A
MM E2mpEmi ), R 1950~1957 FHV M EKFHEED 1954 ERMBEESF. N 1979 FE.
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Table 1 Vegetation cover and the rate of soil erasion in the middle and lower reaches of the Xiaojiang River (Dongchuan

I nstrict )
Gy RRER FME ¢/ kmfca))  FREHEE OD AEKES
Period Year Rate of so1l erosion Vegetation cover Human activities
1950~ 1957 1954 1500 25
1961~ 1966 1964 1804 18 KRR s MEERK!
1970~ 1979 1974 3648 13. 6
1986~ 1989 1988 6859 11. 4 1979 FFEAE M B MEF A B T
1990~ 1997 1994 11100 10. 0 HFEFHRMERRRT 21010
1998 1998 13145 13.3

x UL bR R AR R O SN A RO P B R B R IR AR AW G LA R RN AT B A & 6 R B 3R 48 B The datam

the tahle were collected from field investigation. the Dongchuan debris flow observation station of CAS and the local
government. 1. Logging in 1958 caused 5% of reduction in vegetation cover. : 2. A reforestation project for the whole

watershed was launched in 1979; 3. The annual rate of reforestation maintained at 2. 4

AL VXL RIS TR R R R 05 50 LAR I 60 1/ e » a”) 9 2 B IE (R

PR WR -Fi—FEWE, B 8% V. MEW K.

V.(t) = — K,.801958) + V. A(1979)e"“ "
) ) (17}
E.(t) = E,A(1979)e" W

H#t . K..=0.05a 'V, =0.1a'wa=0.01.E, =600/km* +a"), HRADRAK 3, (14). 0] LA1H#

W
V,D(n —d) — (‘Er”
n—aY(n—dy —

M ST M e L AC1979) ~ fV., + (n — DE,
c * ¢ (n —a)n—d) —«¢
oot 2 1954 SE &ALt~ M 1979 EiTEAYBTE] ooy Al e, IR U H ) T o, BRIERRAF
ME.h THEZEV BEXE0IIZEMER . MEMREF £ EXKEE0. ] MRERH VO ?
V-0 MBRRBYV>I A V= LNRERE<OMAS E=0, B1AENTHEEROD QDL RD
. EEE KM B AR S AR T 1979 SE R A RIR 1979 FEA MMM EE MR MRS 1971 FAHEMN
HEHES.
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(18)

Vity = "t + oo — KouAC1958) + A(1979)

I

E(t) =, (19)
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Fig. 1 Comparison of the theoretical solution of the vegetation dynamics model with the measured vegetation

cover and rate of soil erosion in the Xiaojiang Watershed
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B R ERE MNP 70% . 2B DS 200 t/(km? ca) WUTF, RABMBESHNETRARNEEE
X -l FXR/MIFE N — B SEMENEFHEHE.FEHSRREX (60 ER . hHRH
D ODFEATLTHREHTHEEESFRENTHL KBV = 0.042 ' E =— 650(/(km?® - a%)),
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3 ol R 20 T L R Rk AR
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Fig. 2 {Comparison of the evolution process of vegetation and erosion of the Heishuihe Watershed with the

theoretical solution {Black pyramids are the measurement. round points and the curves are theoretical solution)

it B SH/ETEREARNTHEDRBAHTESER. 1976 FABRESIGHEZA EEHEHAER
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Fig. 3 Comparison of the evolution process of vegetation and erosion of the Shengou Watershed with the

theoretical solution
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FEBRENEEMOERERERS W d=009 U/):RESHMNEHERELE., AAAAD GO HEH
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FE RN ARMERRESRNANER XEEENIBRTUERREZATE - ERARESY
HEEHD, G THNERNBEHEBEESH NFST285 HEHEE LREMANALEH R e T r
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