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摘　要: 叙述中国西北地区的黑河流域、塔里木盆地南缘和阿根廷西北的门多萨、圣地亚哥德埃斯特罗省等检验区

的退化土地的类型、分布特征、影响因素及其相互关系。 结合近百年来平原区气候变化有明显暖化和旱化 ,阿根廷

半干旱区的降水波动 ,和人口增长对土地利用压力的加大趋势 ,可以预测在人工绿洲外围和河流下游 ,尽管人类在

优化绿洲建设和合理利用水资源等方面可以取得很大进步 ,但土地退化的趋势还会继续 ,因此必须加强对这些生

态脆弱边缘土地的资源管理和生态环境保护。
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1　 The features of the test areas

　　 During last fo ur decades the sandy desertifica-

tion has show n a continued spread in the arid and

semi-a rid regio n of the North China. The sandy

desertified land had ex panded by 1 560 km
2

annual-

ly o n the av erag e f rom the middle of 1950 's to the

middle of 1970 's, and in the last decade it has go ne

up to 2 100 km
2
. The sandy deser tified land ha s

reached 197 000 km
2 [1, 2 ]

.

Much of Arg entina is made up o f drylands,

about 75% o f th e na tio nal terri to ry is in the a rid,

semiarid a nd dry sub-humid bio-climatic zones.

Here, 700～ 800 m m isohyets separate semi-arid

f rom humid areas and 250～ 300 mm divide arid

f rom semi-a rid zones. The no rthern part o f the

country , no rth of Brunia rd 's clim atic limi t , is un-

der the inf luence o f the At la ntic semi-permanent

anticyclone wi th rains in spring and summer. To

the south of this clima tic limi t , in co ntrast, rain-

fall occurs mainly in the cold seaso n ( Pacific anti-

cyclone ) . Maps of deserti fica tion ha za rds, ecosy s-

tem v ulnerability and human pressure co mpiled by

Roig et al [3 ] show that do mina nt processes a nd fac-

to rs are aridity index , soil f reezing , salini ty , alka-

linity, w ind erosio n, w ater erosio n, v eg etation

cov er, poverty , popula tion density, livestock pres-

sure, use o f w ood and firew ood and fi re in Men-

do za Prov ince. In the nor thw ester n semiarid re-

gion, due to the 1970 's posi tiv e rainfall fluctua-

tio ns, the semia rid-humid boundary shi f ted w est-

wa rds about 140 km o n av erage alo ng the humid

plain border, and the semiarid-arid bo undary also

mov ed w estw ards about 88 km. This temporary

increa se in w ater availabi li ty enco urag ed people to

deforest mainly for cul tiv ation purposes
[ 4] . Deser-

tification has led to a lo ss o f productivi ty betw een

20% ～ 40% of natural resources of Arg entina.

2　 Land degradation in the test areas

2. 1　 Hei River Basin in China

　　 The Hei Riv er Basin, 130 000 km
2

in area , is a
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g rea t inla nd riv er wa tershed in the arid zone of

No rthw est China[5 ] . Land deg radatio n in the Hei

Riv er Ba sin mainly caused by wind-sand, drought ,

saliniza tion at the plain regio ns and w ater erosio n

a t the mountain region of southern parts. Huma n

activi ties such a s inadequate dev elopment and mis-

use o f w ater, lands and bio logica l resources are al-

so im po rta nt reasons of la nd deg rada tion in the

basin. In the histo ric perio d, during 2 000 yea rs

f rom Ha n Dy nasty to Qing Dynasty the dev elo p-

m ent in the basin fell into interlaced dev elopment

o f ag riculture and animal husbandry. Irrig atio n a-

g riculture activi ties o nce had set up the fam ous

Juy an-Heicheng Oasis at the low er reaches o f the

Hei Riv er and the Loutuo cheng Oasis a t th e low er

reach o f the Bailang riv er in the Hexi Co rrido r.

These oases w ere ruined at deser ts and so me of

them became sandy deserts.

Acco rding to natural features the deg raded

la nds in the basin can be divided into fiv e types

( Tab. 1): ① The lands o f w ater erosio n, w hich oc-

cupy 20. 8% o f the mo untain area , are dist ributed

w holly in the mountain regio ns. ② The la nds of

a ridi fica tion wi th less area a re concentrated in the

g rasslands alo ng rivers a nd a ro und lakes of the

plain regio ns in the basin. Aridification process is

primarily mani fested in land degrada tio n and m ain-

ly occur red a t na tural oases wi th unstable g round-

w ater and surface w ater supply. The aridi fica tio n

la nds may fo rm salinized lands because o f salt ac-

cum ula tion in soils or sa ndification la nds suf fering

w ind-sa nd hazard. ③ The salinization lands a re lo-

cated in catchment depressions o n banks o f riv ers

and lakes and a t m argins o f alluvial fa ns and is the

o ne of m ain deg raded types. ④ The sandi fica tio n

la nds that are cha racterized by appea rance o f shi f t-

ing sands a nd sand dunes are of the high lev el of

deg raded types in the arid desert areas. The sandi-

ficatio n processes w ith bigg est area in deg raded

la nds of the basin a re dev elo ping in the do w n-

st ream regio ns. ⑤ The lands of v eg etation deg ener-

ation occupied about 4. 45% o f degraded lands.

Tab. 1　 Degraded lands in the Hei River Basin

Deg raded land type
Degraded
area /km2

% of the
degrad ed area

% of th e
basin area

W ater erosion 5 547. 43 19. 15 4. 30

Aridif ication 1 169. 38 4. 04 0. 91

Salini zat ion 10 391. 39 35. 87 8. 05

Sandi fication 10 571. 78 36. 49 8. 19

V egetat ion
degenerat ion

1 290. 30 4. 45 1. 00

To tal 28 970. 28 100 22. 44

2. 2　 Southern rims of Taklimakan Desert in China

　　 The Taklimaka n Desert i s si tuated in the in-

land Tarim Basin in which alluvial and lacust rine

depo sit s are widely distributed. There are ma ny

riv ers o riginating f rom the Kunlun Mountain a nd

larg e o r small oases along rivers in the southern

marginal reg ions. In the ma rg inal regio n there are

many processes of land deg rada tio n, such as wind

erosio n, salinizatio n and dunes encro achment.

There a re a lo t o f ancient ci ties and aba ndo ned

oases of Ha n a nd Ta ng Dy nasties in ma rginal re-

gions and along the Si lk Road, w hich w ere buried

by sands. All of those prove the env iro nmental

deg radatio n a nd deser ti ficatio n. The major deserti-

fied lands w ere formed in the lo w er reaches of

riv ers, alo ng the riv ers and in the alluvial fan a reas

wi th di fferent cha racteristics.

During the last century , the deser ti ficatio n in

the marginal regions of the desert has sho w n an ac-

celerated process. Misuse o f w ater resources in the

arid zone is the main cause of the process. Ag ricul-

tural dev elo pm ent co nsum ed much w ater in the

f rontier plain. Riv er runo ff in the lo wer reaches

ha s decreased y ear by year and g roundw ater lev el

dro pped dramatically in the outside of the ar ti ficial

oases. With the decrease o f w ater supply , beds of

riv ers a nd the lands in the lo wer reaches dried up

g radually. Trees and sh rubs on the banks lost

their regenera tiv e po tential and died finally. Hu-

man ex cessiv e collectio n of fuel-w ood reinfo rced

the ex tensio n of ex posed surface and fix ed and se-

mi-fix ed sand dunes becam e active. M ov ing sa nd

dunes and shif ting sands g radually ex tended under
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w ind fo rce. Shi fting sa nd co uld encroach on the

farmla nd of the oases if there is no windbreak.

Meanw hi le in the a rtificial i rriga ted oases, sec-

o nda ry salinization of soi l and w ater logg ing oc-

curred due to ov er i rrig atio n a nd reservoi r and

canal seepage. The desertificatio n dev eloped in the

m argina l regions of the Taklimakan Desert can be

classi fied mainly into fiv e types as in Tab. 2.

Tab. 2　 Desert if ied lands in the southern marginal

regions of the Taklimakan Desert

Types of des er tifi ed land
Deserti fied

area /km2

% of

the total

activi ti es of s and du nes 14 000 62. 9

abandoned land due to aridi fication 3 430 15. 4

vegetation degen eration land
of P. Spp. & T. Spp

1 418 6. 4

salini zed farm land 1953 8. 8

encroachment of sand d unes 1 463 6. 5
Total 22 264 100

2. 3　Mendoza in Argentina

　　 Mendo za is si tuated in Central West Arg entina

and belongs to the vast a rid diag onal of South

Am erica. The to tal area of province is 148. 827

km
2

and the land under i rrig atio n is 359 523 hm
2
,

a rtificial oases cov er o nly 3% of the total ter ri to ry.

Mendoza w ith popula tion of 1. 5 millio n inhabi tants

is the most im po rtant ir rig ated a rea of Argentina.

Wa ter resources depend on the fiv e riv ers: M en-

doza R. , Tuny uan R. , Diamante R. , Malarg ue

R. , a nd Atuel R. , tha t come from the Andes

m ountain o f w estern part to ea st plains. The annu-

al surface w ater resources are ov er 57. 71× 10
8

m
3
.

Gro undw ater is no t co nsidered in these surface

f low s. The w ater resource f rom Mendo za Riv er ac-

counts to 15. 46× 108 m3 [6 ]
.

The desertificatio n process co uld be t raced

back to Spa nish co nquest and subsequent colo niza-

tion, w hich inv olv ed substa ntial chang es of the na-

tiv e w ay of li fe. This process has been accelerated

a ro und the last 150 yea rs
[7 ]

. At present, huma n

popula tion is largely co ncentrated in i rrigated

oa ses, but ex tensiv e liv estock raising is practiced

in the dryla nds, where the number o f rural set tle-

m ents is low er. The inadequate manag em ent of re-

sources leads to cri tical situa tions; the expansion

of saline areas wi th lo ss of pro ductiv ity and ex odus

of rural peo ple; decreased ca rrying capaci ty of

g ra zing lands; increasing natural disasters. Ex cept

fo r the Andean desert , the entire territory of the

M endo za show s widespread deterio ra tion. Accord-

ing to the case study , 72% of i ts ter ri to ry present

a high to very high desertification ha za rds
[ 3] . Com-

parativ e analy sis of maps o f processes and factors

indicates the m ost f ragi le ecosystems cor respo nd

ei ther to the Andean relief o r to plains showing in-

tense processes o f salinization and alkalinizatio n,

wi th unfav orable climatic conditions in ei ther case.

The vast piedmonts, hills and pediplain of v olcanic

relief are also highly f ragi le suffering w ater ero-

sion. In piedm onts, deforestation a nd induced fires

are very impor tant deg radatio n processes, both

leading to w ater erosion and deterio ratio n of v eg e-

ta tion. Thus, M artinez Carretero in 1983 mea-

sured, in burned areas, an increasing of 47% a nd

109% of sediment t ransportatio n in f la t and slope

locatio ns respectively. The induced fi res eliminate

prog ressiv ely shrubs wi th goo d pro tein content a nd

increa se the cover of g rasses w ith lo w er nutrient

quali ty
[8 ] . The drylands o f lo wer reaches of riv ers

are facing v egetatio n degenera tion due to liv estock

pressure and defo restatio n. In the N E plain o f sa nd

dunes, wi th spring-summer rains o f abo ut 100

mm , forests dev elo p because of the phreatic reser-

v oir of sa line w ater. Acco rding to a n im ag e classi-

fica tio n o f the area f rom 346. 237 hm
2
, only 6% is

cov ered by “ dense” fo rest a nd 36 % is cov ered by

fo rest w ith di fferent deg ree of deg rada tion a nd

40% a re linear dunes mainly stabi li zed.

2. 4　 Santiago del Estero in Argentina

　　 The veg etatio n of the no rthern semi-arid area

of Argentina belongs to the fo rests of the Chaco re-

gion. At the beginning of the cur rent century these

fo rests played a n impor tant role in the economic

dev elopment of Arg entina, as repo rted by Ledesma
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& Ledesma
[9 ] . Since the last thi rd o f the XIX cen-

tury, w ith the installation o f railw ays, ex ploi ta tio n

o f these fo rests increased. This happened because

o f the rema rkable quali ty o f the wo od from the

Chacoa n trees. The m ost impo rta nt trees were

Schinopsis balansae and S. lorentzii ow ing to thei r

w oo d elastici ty , high densi ty a nd durabili ty that

m ade them ideal fo r rai lw ay sleepers. Thus, a

“ forest-mining or intensiv e misuse” of the forest

sta rted. Once the deg raded fo rest w as abandoned

the rem aining v egeta tio n w as used fo r raising ani-

mals, cat t le and go ats. The liv estock deg raded the

v eg etation and made soi l co mpactio n, apart f ro m

an ex tensiv e scrub inv asio n. These shrubs and

small t rees belo ng to the thor ny underg row th.

During the 1970 's, as a consequence o f the

posi tiv e fluctuatio n of rainfal l, wa ter balance be-

came m ore fav o rable, and dry periods grew shor t-

er. This fact, along w ith profi table g rain prices

and a gro wing interest in the ag ricultural dev elo p-

m ent of the semi-arid regio n, enco urag ed peo ple to

defo rest and practice rainfed ag riculture. Casas et

al .
[ 10]

hav e ev aluated the deg rada tion processes in

defo rested lands af ter cultiv atio n. These deg rada-

tion processes a re a decrease in o rganic mat ter, in

ni t rog en a nd in the index of soil st ructure; and a n

increase in appa rent soil densi ty. Acco rding to

FAO 's soi l assessment cri teria, the fi rst fiv e yea rs

o f cultiva tion produce a high /v ery high ra te of

deg rada tion o f o rg anic mat ter. Mo reov er, during

the process of cultiva tion, soils beco me com pact-

ed. Unfo rtuna tely, this is also the period mo st

farmers use for cul tiv ating deforested lands. In ad-

di tio n to the soil ev aluatio n done, Casas et al . also

conducted an inquiry amo ng fa rm ers to detect the

m ain processes o f natural resource deg rada tion.

Results o btained w ere: soil encrusting ( 30% ) ,

patches ( 23% ) , wa ter ero sion ( 18% ) , decreased

yield ( 12% ) , w ind erosio n ( 10% ) and increased

densi ty of a rable layer ( 7% ) .

Desertification impacts detected in the semi-

a rid Chaco are mainly rela ted to cha nges in plant

g ro w th, in animal life, and in soil status. These

chang es hav e caused modificatio ns in the microcli-

mate as repo rted by Ledesma & Ledesm a[ 9] . Ai r

tem perature is hig her in deg raded forests than in

nearly vi rgin fo rests and in fo rests o n thei r way to

recov ery, tem perature ranges are also w ider in a

deg raded fo rest. Consequent ly, there is an increase

in eva po ra tion and a decrea se in ai r rela tiv e humidi-

ty in deg raded fo rests. Therefo re, deg rada tion en-

tails a dry er and m ore f ragile eco system.

3　 Expected trends of land degrada-

tion in the test areas

3. 1　 Trends of cl imate changes

3. 1. 1　 Trends of climate changes at the southern

Takl imakan Desert

　　 In recent yea rs, much at tentio n has been giv en

to clima tic cha nge in the Taklim akan Desert , pa r-

ticula rly at the so uthern edg es of the desert. It is

still a cont roversial issue as to w hether tem pera-

ture increase, g lacier shrinkage, sno w line rise, o r

decrease in precipitatio n leading to sustained

dro ug ht , m ay ev entually cause sev ere deser tifica-

tio n and a southw ard ex tension o f the Taklimakan

Deser t. This w ould threaten the existence of oases

on the southern edg es. This follow s a discussion

on climatic cha nge a nd trends in the near future,

based on meteo rological da ta for the last 30 to 40

years and the chro nologies of a nnual rings of Popu-

lus diversifol ia in the last 200 to 250 y ears
[11 ] .

From 1942 to 1980, the av erag e temperature in

this a rea increased by 1. 4℃ , tending to a w arm er

clima te. On the o ther ha nd, precipi tation dropped

by about 16. 0 m m with a n annual reductio n of

0. 42 m m. These chang es hav e led to the em er-

gence o f dry ai r, the accelerated eva po ra tion a nd

transpira tion o f w ater f rom pla nts and soil. These

chang es clearly indicate a sig nificant altera tion of

clima te ov er the past 40 y ea rs in the southern pa rt

of the desert. But a span of 40 y ears is perhaps too
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short fo r the study of an area 's climatic chang e.

Therefore, the chro nolo gies o f a nnual t ree ring s

collected during the ex pedi tion in September— Oc-

tober of 1986 and i ts reco nstructed g row th tem per-

ature fo r 202 y ears at Qira were used. An annual

precipi tation curv e fo r 197 years in Yutian and a n

annual runof f of the Keriya River fo r 253 yea rs

w ere reco nst ructed. It is clear that in 202 yea rs

f rom 1785 to 1986, the av erag e g row th tempera-

ture fo r Populus w as 19. 66℃ . How ev er, in the 21

y ea rs f rom 1960 to 1980, the av erage g row th tem-

pera ture w as 20. 71℃ , an increase of 1. 05℃ . This

signi fies a t rend to wa rds a wa rm er climate. The

conclusio n is tha t during the 200 years, the clima te

a t the southern Taklimakan Desert wil l tend to be-

come wa rm er. The chang e in dryness and humidi ty

can be clearly seen fro m the reco nstructed precipi-

tatio n curv e in Yutian. Altho ugh there were peri-

odic f luctua tio n, the general t rend seem s to point

tow ard a drier climate. In addi tio n, the curv e of

annual runof f of the Keriya Riv er also show s a

simi lar conclusio n. During the 142 y ears f ro m 1734

to 1875 annual runof f above o r close to the histori-

cal av erage, but af ter 1875, it is in keeping wi th

the reduction in precipi tatio n, and consolida tes the

proposi tion that the clima te is becoming drier.

3. 1. 2　 Climatic fluctuations in the semiarid Santi-

ago del Estero of Argentina

　　 From 1908 to 1987, rainfall fluctuatio ns have

been detected in the nor th of Arg entina. These ex -

perienced tw o periods o f rich w ater: 1920— 1940

and 1968— 1987 and tw o o f negativ e fluctuatio ns:

1908— 1919 and 1941— 1967. Ev olutio n of annual

rainfall ( 1903— 1998) show s clearly these process-

es in the 20th century fo r Santiag o del Estero sta-

tion. As an ecological co nsequence o f 1970 's po si-

tiv e t rend detected in the no rth o f Arg entina
[10 ] ,

the semi-arid /humid and the semi-a rid /arid bound-

aries shi f ted w estw ards and about 800 000 km
2

be-

come w et ter during the 1970 's. In the semi-arid

area , the amo unt o f rainfall increased about 27% ;

in som e regio n the increase w as 33% . Therefo re,

the arid diago nal of Arg entina became narro wer in

1970 's w hen compared wi th the 1960 's. The actual

t rend o f precipi ta tion should be analysed at a re-

gional lev el. No satisfacto ry t rend could be ex-

tracted fro m Sa ntiag o del Estero Station series

wi th standard to ols for tendency.

3. 2　 Trends of land use

3. 2. 1　 Trends of land use in the south Tarim

　　 In the so uthern Tarim Basin, dev elo pm ent of

i rrigated ag ricul ture has a histo ry of ov er tw o

tho usand years. But agricul ture and animal hus-

bandry w ere dev eloped very slo wly before 1949 be-

cause of po or t ranspo rtatio n and remo te g eog raphic

si te. Af ter 1949, ag riculture pro duction dev eloped

quickly, especial ly in food productio n. In 1990 the

total g rain yield reached 57. 6× 104
tons w hich was

5 tim es that of 1949. From 1949 to 1992 the po pu-

latio n liv ed in Hetian Dist rict increased by mo re

than tw o times, the number of liv estock in 1985

w as do ubled co mpa red to 1949. All of these no t

only increased la nd use pressure in the edge of the

Taklimakan m ov ing desert, but also enhanced the

intensi ty of w ater resource dev elo pm ent. These,

co mbined w ith w armer and dry er of climate a nd

shif ting sand encroachment under prevail w ind di-

rection, make the a rtificial oases co nst ructio n o pti-

mized and the ecological envi ro nm ent of natural

oases outside a rtificial irriga ted oases deterio ra ted.

3. 2. 2　 Trends of land use in NW Argentina

　　 The temporary increase in w ater availabili ty

encourag ed peo ple to defo rest mainly fo r cultiv a-

tio n purposes. These marginal areas, which are

risk fo r cro p productio n ( rainfed ag riculture) ; may

allow for quick eco nomic gain but they wi ll be

sho rt-lived o n acco unt o f the actual deg rada tion of

ecosystem and of the inevi table retur n to the usual
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rainfall lev el. A po si tiv e f luctua tion of rainfall dur-

ing the 1970s co mbined wi th profi table g rain

prices and a g ro wing interest in the ag ricul tural de-

velo pment of the semi-arid regio n enco urag ed peo-

ple to defo rest and practice rainfed ag ricul ture.

The majo rity o f the a reas surv eyed w ere defo rested

fo r crop productio n and liv estock rearing , during

fi rst five yea rs farmer wo uld g row crops to make a

quick profi t and thereby recov er thei r inv est-

m ent[ 12] . About 171 600 hm2 w ere estimated to

hav e been defo rested in the province o f Santiag o

del Estero f rom the ha rv est period 1975— 1976 to

1983— 1984 and 60 700 hm2 during the period

1996— 1997 to 1997— 1998. Such alterna te land

use ( deforestatio n-cul tivation-a bandonment-cul ti-

va tion ) m ainly contributes serious imbalance o f e-

cosy stems a nd the la nd deg radatio n in the semi-

a rid regio ns
[ 4]

.

3. 3　 Expected trends of land degradation in the

test areas

　　 La nd deg radatio n is an accelerated dev elo p-

m ent process because of the increasing popula tio n

pressure a nd drier t rend of clima tic chang es in

plains. Sandy desertificatio n is a main kind of land

deg rada tion in the no rth China , w hich mainly

caused by excessiv e human impact through w ind

erosion. In last four decades, altho ugh the sandy

desertification has been co ntro lled in local area,

but i t is sti ll co ntinuing to spread in the who le arid

and semi-arid region of the no rth China. Deserti-

fied land had ex panded 2 460 km
2

a nnually. In the

giv en conditio n of the clim atic chang e, the fo rm

and intensi ty of land use determine to a larg e ex -

tent the dev elopment and control of deserti fica tio n

in the arid and semi-a rid regio n.

According to the t rends of w armer and dry er

co ndi tio ns and mo re intensiv e land use, it is neces-

sary to pay more at tention to the dryla nds of

marginal regio ns in the a rid and semi-a rid zo nes

beca use the ecosy stems there a re v ery sensitiv e to
clima tic v ariatio n. With the tech nological pro-

gresses, ar tificial o ases wi ll become mo re g raceful

and the land deg radation wi thin the oases wi ll be

co ntrol led a nd rehabilitated. But the lands o utside

the oases will continue to be deterio ra ted. So to

make g reat ef fo rts to co mbat la nd deg rada tion is an

urgent task.
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