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ABSTRACT KEYWORDS
The Pressure-State-Response model (PSR) proposed by the OECD and PSR moded!;
UNEP in 1994 was used to evaluate ecosystem health, In this paper, the Semiarid hilly areaof Loess
PSR concept model was cited to reflect the pressures upon land resource Plateau;
in different time exerted by human activities, the responses of society to Land use.

these pressures, and the state changes of 1and resourcesin different phase.
A workable indicators system of PSR model is designed according to the
characters of land resource in Loess hilly region. According to these
indicators, we analyzed the land use and land cover change of the study
area form 1982 to 2005 year. The results show that different responses
measures to the pressures present different results during the process of
land use. Before 1982 year, theinappropriate land use patternsin response
to the pressures of population growth and socio-economic development
leaded to the results of eco-environmental degradation and poverty, while
fromthe“Sixth Five-year Plan” period to the “Tenth Five-year Plan” period,
the rational measures of responses promoted the regiona sustainable
development, the net annual income per farmer increased from 47.7
Yuan(RM B) to 2093.2 Yuan(RM B), while the soil lossintensive decreased
form 6000 tekm2eyr? to 1000 tekm2eyr2,
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INTRODUCTION related to both natural factorsand human activities. The

natural factorsincludeintensverainstorms,0loosessoil,

Severesoil erosionin Loess Plateau hasbeenre-  uniquetopography, whiletheexcessvereclamationon
garded asamajor environmental problem, whichex-  thedopinglandfor long timewasthe human factor*2.
ertspressureson theenvironment and changesitsqual- Hazards such asland degradation and ecol ogica dete-
ity and quantity of natural resources. Thisproblemis rioration caused by soil erosion had threatened the
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pepol elifeand the ecol ogy environment of thewhole
Yellow River basin. Asaresult, itisimportant to study
the problemsof soil erosion and understanding the natu-
ral and socia factorswhich causetheland degradation
and ecological deterioration in thisregion. From the
beginning of the period of Othe*“Seventh Five-year Plan”
period, Chinese government set up anumber of ex-
perimenta areabase on small watershed for long-term
research. Thereare many successful examplesof sus-
tainable land-use patterns in Loess plateau through
nearly 30 yearsof scientific research®4.

The pressures on the environment caused by hu-
man activities, such assoil erosion and ecol ogical dete-
rioration, eventualy exerted onland resource, theonly
way to alleviatethese stressesis changethe patterns of
land use with the hel ps of funds, techniquesand poli-
cies, however, the most important aspectsishow to
respond to the pressures. Different responses|ead to
different results, In particular to theecologica fragile
areas, whichisparticularly important. Thispaper, tak-
ing Shanghuang demonstrated areaasacase, analyzes
themeasuresof responsein variousphases, which helps
to explorethe cause-effect-rel ationshipsof ecologica
environment changesinthisregion.

MATERIALAND METHOD

Sudy area

The Shanghuang study area (35°592 -36°022 N,
106°262 -106°302 E), with an area of 7.61 km?, is
located in Loess hilly and gully region of south
Ningxia(Figure 1), China, Thisregion hasatemperate
semi-arid climate. Theannud averagetemperaturear-
ranges between 5°C and 7 °C, while the annual cumu-
lative sunlight reaches up to 2200-2700 hours. The
average preci pitationis between 260 mm and 820 mm.
Theelevation variesfrom 1534.3 mt0 1822.0m. In
2005 year, its popul ation was 519, and the net annual
income per farmer was 2093.2 Yuan(RMB), the soil
lossintensionis 1000 tekm2eyr™.

Data sour ceand land useclassification system

Shanghuang experimenta areawas selected asa
study areaby ChineseAcademy of Scienceand Minis-

try of Water resourcesto carry out long-term research
in 1982. Sincethat time, investigation of the effects of
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eco-environmental change on agricultural economics
was carried out continuously. Theland use and land
cover changeisanimportant field for scientific research,
theresearchesprotracted |and use mapsin 1982 year
accordingtotheinvestigationsand therelief mapwith
scale of 1:10000 which was mapped by NingXiaBu-
reau of Surveying and Mappingin 1982 year. There-
searchesinvestigated the land use changein different
period from 1982 to 2005 year, and the researches
compiledthedigita Orthophotogquad map based onthe
technical of 35(GPS, GIS, RS) and with theinforma-
tion sourcesof color infrared aerial photography pho-
tograph of the study areawith scale of 1:5000in 2004
year.
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Figurel: Location of thestudy area

Accordingtotheland classfication system, inthis
paper, cropland refersto theland for ceredswhichin-
cludeterrace, doping cropland and flat or basic crop-
land; forest |land includestimber forest, ecological for-
est and nursery; grasdand meansnaturd of artificid grass
for pasturing; and other typesof land are non-agricul-
tureland, includingresidentia area, infrastructure, wa-
ter body and unused land.

PSR modd framework

The pressure-state-response model was proposed
by the OECD and UNEPin 1994, subsequently, many
researchersapplied thismode to evd uatethe healthy
conditionsof different terrestrid ecosystemsrelatedto
agriculture ecosystem!®, soil ecosystem!®, grassland
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ecosystem!”, forest ecosystem!® and wetland ecosys-
tem®, |ake ecosystem!*®*¥, coastal ecosystem™, river/
stream ecosystem*>19, coral ecosystem®, etc. All the
papers mentioned above provided atheoretica basis
and some methods for the assessment of ecosystem
health. Thispaper, with PSR model and thecharacters
of land resourcein Loess Plateau, proposesthe pres-
Sure-state-responseindicators system of land resource
for LoessHilly region (Figure2).
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Figure2: The PSR structureof land resource

Based onthismodel we can analyzethe pressures
to land resource which cameform popul ation growth
and socio-economic devel opment in different phases,
the measures of responsesincluding funds, techniques
and policies, and the states of quality and quantity of
land resourcein different phases.

MATERIALAND METHOD

The Pressure-State-Response of land resource
before 1982 year

Thesoll erosonin LoessPlaeau, suchas Shanghuang
study area, ismost severedueto thedestroying of natu-
ral vegetationand cultivation on dopeland over exten-
siveareas??, and the economic development isvery
dow (TABLE 1). In 1982 year, itspopul ation was 363,
and the net annua income per farmer was only 47.2
Yuan(RMB), theratio of poverty reached 60 percent
withthesamepercent illiteracy, Theannua food occupy
per farmer was 230 kg, and the food production was
only 510 kg/hn?, soit wasdifficult to provide sufficient
food for the population. At the sametime, theratio capi-
tal between input and output was only 1:3.6. Conse-
quently, the poverty wasthemost pressureat that time,
inorder toMantainabad clivdihood and get rid of pov-
erty, because of thelack of fund, technique, and knowl-
edge, the responses of thelocal people could only do
wereto destroy natura vegetation and cultivateon dope
land over extensvearess, therefore, thisregion suffered
severesoil and water |osses. For many years, the popu-
lationsinthisregion have beenlivinginabject poverty.
The ecological deterioration, backward economy and

TABLE 1: Changesof pressure-statetoland resour ce of ShangHuang experimental areain variousphase

Indictor system Before 1982 1982-1985 1986-1990 1991-1995 1996-2000 2001-2005
Popul ation density (persons’km?) 4717 56.6 60.1 64.0 67.3 68.2
[\\'(efjgnefyfr‘f"{)mer income 472 4189 572.7 1127.8 1846 2093.2
Per farmer food occupy(kgeyr™) 230 366 410 500 550 684.6
Pressureindictor  Food production (kg/hm?) 510 9225 1330.5 1627.5 2250 2250
Ratio of invest and income (%) 1:36 1:69 1:54 1:87 1:105 1:156
Ratio of poverty (%) 60 40 30 15 5 2
Ratio of illiteracy (%) 60 46 25 10 5 2
V egetation coverage (%) 1.87 245 184 22.9 32.0 55.7
State indictor Soil lossintensive (tekm2eyr™) 6000 5000 3000 2500 2000 1000
Ratio of sloping cropland (%) 85.5 76.9 70.5 725 71.2 16.8

intrinsic poverty wereinterconnected and restricted the
regionseconomic devel opment.

The Pressure-State-Response of land resource
after 1982

1) he“Sixth Five-year Plan” period
Form 1982 to 1985 year. In this phase, the pres-

sureswerevariousincluding theinsufficiency of provi-
sions, poverty and eco-environmenta problem. First of
al, the most important was to meet the needs of food
and a thesametimeimprovetheecol ogicd environment
asmuch aspossible. Planting artificial grassondoping
croplandfor decreasing soil and water |osseswasone of
theimportant measures, whiletheamof developing ani-
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ma husbandry isto improvethe economic conditions.
Andthen, theresearchersguided thelocd peopletofer-
tilizecroplandin degpfor improvingtheproduction. These
measureswereussful (TABLE 1), thenet annud income
per farmer reached 418.9 Yuan(RM B) dthough the popu-
lation density reached 56.6 persong’km?, the ratio of
poverty reduced to 30%, the annual food occupy per
farmer increase to 366 kg,and the food production
reached 922.5 kg/hn. At the sametime, theratio capi-
tal between input and output reached 1.6.9, the soil 1oss
intensive decreased to 5000 tekm2eyr, whiletheveg-
etation coverageratio was 24.5%.

2) The“Seventh Five-year Plan” period

Inthisphase, from 1985 t01990 year, the annual
average precipitation was only 351 mm, the area of
artificid grasdand decreased which madeit difficultto
devel op animd hushandry. Facing these pressures, some
gentled oping croplandsweretransformed to terrace
so that decrease soil and water lossesand improvefood
production. Meanwhile, the other measureswerein-
troduced such asdrought-res stant and high-yieldingva
rieties of whesat, mulchesthe cropland with plastic for
thereason of maintaining soil moisture. Under thesemea:
sures, theannud net annual income per farmer reached
572.7 Yuan(RMB) athough the population density
reached to 60.1 persong’km?, theratio of poverty re-
duced to 30%, meanwhile the annual food occupy per
farmer increase to 410 kg, and the food production
reached 1330.5 kg/hm?, theratio capital between input
and output reached 1:5.4, the soil lossintensive de-
creased 3000 tekm2eyr?, whilethevegetation cover-
ageriseupto 18.4%.

3) The“Eighth Five-year Plan” period

From 1991 t01995 year, during this period, the
main probleminthisareadtill wasthe shortage of water
resource, the researchers guided thelocal peopleto
high-efficient utilizetechnol ogy of water resources, in-
cluding biologica water saving, cdllar oringwater and
replenishing water and adj usting water by using ma-
nure. Those methods proved to bevery efficient, the
net annual income per farmer reached 1127.8
Yuan(RM B) although the popul ation density reached
64.0 persong/km?, theratio of poverty reduced to 15%,
theannual food occupy per farmer increaseto 500 kg,
and the food production reached 1627.5 kg/lhm?, si-
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multaneoudly, theratio capital between input and out-
put reached 1:8.7, the soil loss intensive decreased
2500 t-kmeyr, whilethe vegetation coverage reach
t0 22.9%.

4) The“Ninth Five-year Plan” period

From 1996 to 2000 year, the main measures, in
this phase, were to improve the comprehensive eco-
logic environment and the basic condition for economic
development, the researcher designed a economic
model of courtyard economy for local farmers, which
included devel oping vegetable, fruit and nurture seed-
lingsin courtyard, theincome per capitaof courtyard
economicwasover 10timesthat of cropland. It proved
to bevery effective, the net annua income per farmer
reached 1846.0 Yuan(RM B) although the population
density reached 67.3 persong’km?, theratio of poverty
reduced to 5%, whiletheannua food occupy per farmer
increaseto 550 kg, and thefood production reached
2250 kg/hm?, At the sametime, theratio capital be-
tween input and output reached 1:10.5, the Soil loss
intensive decreased 2000 tkm2eyr?, whilethe veg-
etation coverageis 32.0 %.

5) The“Tenth Five-year Plan” period

From 2001to 2005 year, themain measures, inthis
phase, wereto enforcethepolicy of conversion of crop-
land to forest and grassland. Most of doping cropland
was converted into other typesof land, which resultsin
some of basic farmland were convertedinto orchard
for economic benefit. Increasing theintensiveleve of
farmland and improving theincome per capitacanre-
lief the pressures on farmland. Theincrease of funds
andtechnica inputistoimproveland productivity, which
can behelpful for land transformation. Thenet annua
income per farmer reached 2093.2 Yuan (RMB) al-
though the popul ation density reached 68.2 persons/
km?, the ratio of poverty reduced to 2%, the annual
food occupy per farmer increaseto 684.6 kg, and the
food production reached 2250 kg/hm?, meanwhilethe
ratio capital betweeninput and output reached 1:15.6,
the Soil lossintensivedecreased 1000 tekm2eyr, while
the Vegetation coverageis55.7%.

L and useand land cover changePSR modd frame-
work

TABLE 2 showsthat theland useand land cover
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of Shanghuang experimentd areachanged greetly within
24 years. Cropland decreased from 279.7 hain 1982
to 79.4 hain 2005 year while forest land increased
form 9.4 hain 1982 year to 238.3 hain 2005 year. Of
thelost cropland, 62.9% was converted to forestland,
30.9% was converted to grasd and, and 5.3% was con-
verted toorchard. Theunused land decreased by 33.6%
during thetotal period, the orchard and the artificial
grassland increased separately form 0.4 haand 5.0 ha
in 1982 year to 11.1 ha and 107.1 ha in 2005 year
whilethenatural grasd and decreased form 369.6hain
1982 to 219.3 hain 2005 year. The reason that the
doping cropland converted toterraceor artificia grass-
landistoincrease ecologica benefit whilethat the ba-
sic cropland converted to orchard isto increase eco-
nomic benefit. From 2000 to 2005 year, themain driv-
ing forceof land usewasthefactor of policy, 91.5% of
the d oping cropland was converted into grassland and
forestland, which accel erated theimprovement of eco-
logicd environmen.

TABLE 2: Theland use change from 1982~2005 year in
Shanghuang experimental area

Area (ha) Land use change
Land usetype h
1982 2000 2005 (ha)
subtotal 279.7 2284 794 -200.3
Sloping land 239.0 1556 133 -225.7
Cropland
terrace 00 390 390 39.0
basic land 40.7 338 271 -13.6
Orchard 04 48 111 10.7
Forestland 9.4 158.3 238.3 228.9
subtotal 374.6 275.3 3264 -48.2
Grassland natural grassland 369.6 229.0 219.3 -150.3
Artificial grassland 5.0 46.3 107.1 102.1
Non-agriculture land 96.9 94.2 105.8 8.9
CONCLUSIONS

This paper quantitatively analyzed the land use
changesin Shanghuang experimenta areabased on PSR
model. Before 1982, the study areawas an ecol ogi-
cally fragileregion dueto thelong-term pressures of
popul ation growth and extensive cultivation, the eco-
logica environment wasagresat chalengefor economic
development.

From 1982 to 2000, the researchers conducted a

large-sca e governance activity according to the exist-
ence problemin different phaseswhichincluding as-
pects of ecology and economic. It proved to be very
efficient, thenet annua incomeper farmer increasefrom
47.2Yuan(RMB) in 1982 year to 1846 Yuan(RMB) in
2000 year, dthough the popul ation dengity increaseform
47.7

personsg/km?in 1982 year to 67.3 persons’/km?in
2000 year, theratio of poverty decreased 5 percent,
theannual food occupy per farmer increasefrom 230
kgin 1982 year to 550 kgin 2000 year. Thefood pro-
duction reached 2250 kg/hm?, At the sametime, the
ratio capital betweeninput and output reached 1:10.5
whilethesoil lossintensive decreased 2000 tekm2eyr
1 the vegetation coverage reached 32.0%.

Form 2001 to 2005 year, the study enforced the
policy of Large-scale conversion of cropland to forest
and grassland which did not brought many pressuresto
thisareadueto theimprovement of economic condi-
tions, and the dloping cropland converted to grassland
and forestland Have lessimpact on the economy de-
velopment while have most important influenceto the
ecologicd environment. Thesoil erosion decreased form
2000 tekg/hm?in 2000 year to 1000 tekg/hm?in 2005
year, whilethe net annual income per farmer increase
from 1846 Yuan (RMB) in 2000 year to 2093.2
Yuan(RMB) in 2005 year.

Therefore, theimportant issuefor thisregionisto
increasefundsand technicd input toimproveland pro-
ductivity amedtoimprovefarmer'sincome, whichisthe
key for theecol ogica restoration of the Loess Plateau.
Inaddition, the population growth control isa soimpor-
tant which could relief pressureson land resource. Also,
developing characterigtic agricultureaccordingtoitsad-
vantage of natural resourceinthisregionisvery impor-
tant, such aspear, dmond, gpple, which could bring enor-
mouseconomicbenefitsand helplocd farmersfreethem-
selvesfromthetraditiondly, and at the sametime, which
make agricultura productionlessdependent ongrain
crops. Andly, itisessentid todevisesomeregiond policy
schemesthat aretail ored to meet the circumstances of
particular land areasin Loess Plateau.
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