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The function and economic value of seil conservation of ecosystems
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Abstract ; Soil conservation is one of the basic functions provided by terrestrial ecosystems. Its importance
has been increasingly recognized in recent years. The development of quantitative estimation of soil erosion
supports an effective way to study the contribution of soil conservation functions of ecosystems.

In view of the increasing degradation of soil, this article examines the economic values and the soil
conservation functions from ecosystems in Qinghai-Tibet Plateau (QTP). The scil conservation functions
analysed in QTP include; protection of soil fertility, reduction of soil disuse and decrease of soil deposit.
The soil conservation of ecosystems is critical in QTP because it prevents soil erosion into the rivers.
especially the heads of many main rivers of China, and protects farmlands. Soil erosion by water can result
in the degradation of the quality of farmlands, which may lead to land disuse. Soil deposits from eroded
soils can enter into water bodies and may decrease the capacities of watet storage of lakes, rivers and
reservoirs. Soil erosion may also result in a considerable loss of fertility in the surface soil. Ecosystems,
such as forests, grasslands, farmlands and wetlands, can thus prevent those phenomena from occurring by
controlling soil erosion.

In order to characterize the impacts of internal heterogeneity of the ecosystems, Geographical

Information System methods were used to determine the aréa of four classes and twenty-seven subclasses
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of vegetation cover, and the spatial distribution of economic value of soil conservation by the different
ecosystems in QTP. An integrated spatial database was initially established using a workstation-based
Arc/Info system. The data sets include the vegetation map at the scale of 1 : 1000000, the water systems
map, and remote sensing landuse map at the scale of 1 : 1000000 precipitation from May to October of 137
weather stations in QTP from 1990 to 2000. All of the data sets and topography for QTP were organized
at the scale of 11 4000000.

The quantity of soil conservation (QSC) can be obtained from the difference between the quantity of
actual and patential soil erosion. The quantity of actual and potential soil erasion was calculated by using
the Universal Soil Loss Equation. The economic value of protection of soil fertility refers to the economic
value of protection of scil fertility such as N+ P and K, and can be estimated with QSC. the average
content of soil nutrients (N, P and K) and the market price of N. P and K. The economic value of disused
soil can be calculated with the quantity of soil conservation per hectare, the area of each type of
ecosystems, the density of soil and the economic profit of area unit of each type of ecosystems. The
economic value of decrease of soil deposits can be estimated with QSC, the cost of reservoir construction
and 24 percent deposit rate (the ratio of the amount of soil deposit accounting for the total amount of soil
erosion in the watersheds of most rivers in China).

The results indicate that the quantity of soil conservation is 377. 03 million t/a. The total economic
value of soil conservation has been estimated to be 559. 01 million yuan/a, accounting for 6.17% of the
total outpur of plant production, forestry and animal husbandry in Tibet and Qinghai Province in 2000.
The economic value of protection of soil fertility, reduction of land disuse and decrease of soil deposit are
368. 06 million yuan/a, 26.48 million yuan/a and 200.47 yuan/a, respectively. All of these contribute
considerably to human welfare in local area and cannot be replaced by man-made ways. In addition, we
analyzed the spatial distribution of the economic value of soil conservation by ecosystems of QTP.

However. the soil conservation functions of ecosystems in QTP are only one contribution of the
overall ecosystem services provided by them. The economic value of other ecosystem services together may
be far higher, Therefore we are convinced, that the total economic value of ecosystem services must be a
quite substantial contribution to the human welfare in the local areas analyzed. In addition, it is impossible
to replace them by man-made ways, With this work we hope to contribute to the conservation of soil of
QTP and the restoration of ecosystem services of soils in QTP.

Key words ;Qinghai-Tibet Plateau; soil retention; soil erosion; the universal soil loss equation
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BN EE (RO 137 S8 G 1990~2000 E8 A MKESE (P EREREENEP.LC.2002). FE
KIS EERMIE NI 1 5 4000000 WA REFTAER. R Arc/Info SR T T #EHIE 4 PhATH 27
AEXRESEANEHRASIEE D, ILEFHATFHETKEFESER L RRPIENSFNME,
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Bl ERBFEREIE
Fig.1 Vegetation in Qinghai- Tibet Plateau (QTP)
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Table 1 The vegetation types and their abbreviations in QTP

e b 3 ¥ g HBAR i
No. Vegetation type Abbreviation No. Vegetation type Abbreviation
R H FLD 15 ot TDSGLD
Farmland Temperate desert steppe
.8 % R ITEP -]
1 Irrigated {armland IFLD 16 Temperate mountain meadow TMMGLD
B it
Z Non-irrigated farmland NIFLD Forest F
- AL R E A
3 PFLD 17 Temperate  mountain  evergreen TMECF
Paddy )
coniferous forest
WA TR R
B
GLD 18 Temperate and sub-tropical deciduous TSDBF
Grassland
and broad-leaved forest
PR T T R (L e P e A AR
4 LMGLD 19 Temperate and sub-tropical mountain TSMDLF

Lowland meadow deciduous and lebule forest

4 R g At F A

5 iﬁ!ﬁﬁm!ﬁ AMSGLD 20 Tropical evergreen  broad-leaved TEBRLF
Alpine meadow steppe .
rainforest
AEEE F 4 T AR BRI AR
[3 AMGLD 21 Tropical rainforest evergreen broad- TREBLF

Alpine meadow leaved forest

TP AR W R ET R

7 mfﬁg‘ " ASGLD 22 Sub-tropical and tropical evergreen STTECF

P P coniferous forest
T3 AR 1L R R

8 sz?mi: . ADSGLD 23 Sub-tropical and tropical mountain STTMECF

pine desert stepp evergreen coniferous forest
WA A R0

9 W . K WTGLD 24 Sub-tropical evergreen broad-leaved STEBLF

arm tussocks forest

AR A R K - R R
ZH

10 WAL WSTGLD 25 Sub-tropical limestone deciduous and STLDBEBMF
Warm shrubby tussocke
broad-leaved and evergreen broad-
leaved mixed forest

P Lo LR Yd Mg E ] g
11 o TSTGLD 26 Sub-tropical sclerophylious evergreen STSEBF
Tropical shrubby tussocks
broad-leaved forest
RYREANR i3]
1z Temperate meadow steppe TMSGLD Wetland WLD
BYEEH R 4
13 Temperate steppe desert TSDGLD 27 Bog vegetation BVWLD
g EESE TSGLD

Temperate steppe
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EREEERENK AR TUBIREFAESRENK HGE DM,
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LS = [é%) {5—%—5] (5)
Ho, g ch K (m) 0 HEEC),
214 CHMER CHuREEET HEBTRAMEAENEEREN LEAMMER. ©5 L6
FAAUAEEESLAEY. REARAROAELD AR LR FEERAMERNAREN AT
EERRREERRN CHE .
115 PHEMENR PLNEREENET, FEGEHE. S0 BEARLESREXTS LRAAT
ARHERALEEEE K PER LOOMEESREFOKBEHE -~ ENARER. X PHNY
0.15%,
2.2 HMAFRE LRI WRGHEFS
2.2.1 +HEEFLE WERFEALRLSRFELIHN B EQuantty of Soil Conservation) W% EX K.
QSC = D (A X m) (6
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Table 2 X value of different types of vegetation in QTP

K

AR ET RS 5550k Cc+ bt~ by A EE§ LN K*
Vegetation type  Soil texture (hm = MJ » mm}’egetation type  Soil texture
FLD TDSGLD :iﬁéﬁ 4 loam 0. 407°
IFLD g:z loam 0.615° TMMGLD g:ﬁi Sand 0. 407°
NIFLD g:\lti:, Clayloam &% F
PFLD g?& Joam 0. 48° TMECF z?d loam 0.321°
GLD TSDBF g:]ﬁﬁf‘sﬁ loam 0. 321°
AMSGLD g:lf: nj: Sand 0. 523 TEBRLF :?A‘ﬁﬁf‘sﬁt Joam 0. 372"
ASGLD gi:e;::d loam 0-658*  STTECF gﬁﬁfﬁveuy loam 0- 324°
ADSGLD g i:; 0. 525° STTMECF g: ﬁfiﬁ velly loam 0. 3247
WIGLD g:ﬁ?:ﬁc loam 485"  STEBLF g:‘fa}f,mgriaveny Joam 03247
WSTGLD g:ﬁfﬁiﬁt loam 0- 485" STLDBEBMF zz‘lﬁﬁ:’gﬁvelly loam 0. 32¢
TSTGLD Z?d‘l?ﬁ.*si loam 485" STSEBF g:]ﬁfiﬁveuy loam 3%
TMSGLD z:ﬁ :. Sand 0.407*  WLD
TSDGLD gizﬁ;: 4 loam 0. 407" BVWLD ﬁaiyg:d loam 0. 547%
TSGLD TRB L 0. 407*

Sand loam, Sand

s TRAME LEEER LMBTPIOGS94); b FEFBY Wang e al11(1996): ¢ B F 4 Yengl'1(1999)

2.2.2 SFMETK ARERESRARFTROLFHHEEEREUTLAFE.
(LRFHERESHBFNE

FEIMEINSFHNETEHASZAEFHIMP NP K ERYANSTNHE BEFEREL
BRHESHFHE R, REOXTHREEEREAAL UL ERERFLMERYANEF N E.
E, = DJ(QSC X C X n X P){i=N P, K)
HP.E, HEE LSS BHMERMB/2):Q5C B MERH AR (/a);C B WP #H 4 (N.P.K)
FHER m AT RPBRE HY BRI A RS SRS HNRE:P AN PKE

## (RMB/1),

&)
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Table 3 The € value of different type of vegetation in BEYESELSESREINERA +RE
aQre B R MR PR S R R
LY ¢ , e c 0.5ml  REME Y T MBMTERGEF LHE

Vegetation type Veget\anon type ﬂ.ﬁiﬁﬁj}ﬁﬁl%ﬁﬁdﬁ&i’rﬁﬁ#iﬂﬂﬁ%ﬁﬂ{ﬁ
FLD TDSGLD 0. 09" ,

IFLD 0.55 TMMGLD 0. 09" Es= D [(A X m, + p + k) - 1000000 X pu]

NIFLD 0.55" F

PFLD 0. 06® TMECF 0. 06" 8
GLD TSDBF 0.068  FEHEs Ho kB 3 W I B A1 (RMB/a) s 0 27

LMGLD 0.05c  TSMDLF 0. 06" FTHERG/ M) p i MESERRUEBANSE

A:AMSGLD 0. 04° Til;RLF o.oshb A a0 R A BT/ (hm? - 20 ]

MGLD 0. 04° TREBLF 0. 004

ASGLD 0.15  STTECF 0.11° jgﬁtm,ﬁiﬂ‘\ﬁi’g;h HEWER ().

ADSGLD 0.15°  STTMECF o.11* (WD RY BB £ 3 (1

WTGLD 0.15¢ STERLF 0. 0&° ﬁﬁﬁi?ﬁﬁ%@ﬁﬂ]ﬂﬁ IR AR

WSTGLD 0.15 STLDBEBMF 0.0 74 24%BEGEKE L. MEY. ERARKL

TSTGLD o.15°  STSERF 008 A K R AN I BB B O

TMSGLD 0.09° WLD E, =QSC+pX 24% x C 9

TSDGLD 0. 09° BVWLD 0. 06*

TSGLD 0. 08 KoL E ChES R RBOST M H(RMB/2):Q5C

a FEEY Yuet allV' b X% Xiao et all?l, ¢ HEMEH LR (/D50 ALTREEG/mMDC HA
I % Wang o il FE T8 2% (RMB/m*).,
3 BERSHW

31 ABRBEESEGAERLRLE

BREAXWORGHET R LS . REAR (DMK R,LS.K.C H P AT H R ARE
B #HAZEREMERHAL I NBRBAEE T REME.

EEREENEERESL B L MR E AR E R 24.27~1137. 45t/ Chm? « 2) RS H A
483, 03t/ (hro? » @) (8 ). Hp B £ F M@ /A T 100t/ (hm® - O MES G BEHEK 936424, KA
i B 7 B P R AE 900t/ (hm? » DU WAREEEES AEEEAREERAARGERATAHAR
WEMEESER TEAFERARR . BEEUREEMRAREE . TR 4375 76 7 M 86 DR AL B A0
WEE. BE BEERE AR ERERAS RAN RN ERSERBERD . TE 100t/ hm » 1)
T, FEBEESXESRABELMBEERNY 3.09X20%/a,

ﬁ)—-%’éﬁﬁ‘)i%i‘aﬁm?ﬁ?ﬁEZ:ﬁHil.Kﬂgﬁéﬂtﬁ.iﬁﬁﬂ%#ﬁﬁﬂl#&ﬁﬂ&wﬂ@éiiﬁ
BEHRAEAREE, B A TERARNHRER AT AADRER - XD EERHEHARNY

Al
a, = l/niA,,,

APA—-XRAESRES  MEETH A A" REARNETHRHLNTEFRK,

B EN A ERER 0. s(h B E £ S R G4 B 389, 1(h B B RERGO/ (b’ - ) (H
o). K MR B0 A, 451 328 A1 380. 1 ¢/(hm? » 2) MEARFHEFZSHAMRIL EHRALES
B G 3 B B 4 Rt 80. 8t/(hm? + )0, 13 B M A B R KA T A, 40.5¢/(hm® « 2) R T
BHITRNS Y TARET ENEHESRANEYERLHRMR 25 ¢/ (hm’ « )™, 10 MEHRES
EGMEY A %32 7t/thm? » ), KFAEB S H BN SSEFRESRER AR LR
10t/ (hm? »a), REEBRERTREN A BREYHEGHEE EPONERATEBOFMME.
HyEadan, in Bnmknm i REAFRE.
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/A\f\:cs)ﬁﬁfsaﬂ.lﬁlwtriﬁrtuﬁﬁﬁ~;w¢ﬁ§:%$ﬁéggﬁg -
GEAF S L MEHRIRE A FEARN A & F208 00 4
fodt B2 619 Cft A S A9 9 ot O AR ) B ggg‘ém
9.3 1/hn - ) R M ADIBYD). AL SR80 BEZ o
HEREERTHEABMNESRE SRAHNFE E‘uréem
By e I B PA BB Y
HATtHBLEASH B ABAZTRESEAN B 274 6 810 12 1416 18 20 22 24 26

ABFRANRUESRR, Ty s
1.2 BEBHRESRARFLRNSHME

REARGBEBESARD A TrRen B2 FERRTALSARNCERLRBROR
RRESREIARER. SREF ARAEAD, THOTLAREE
E B B ERAESEAY 1. 49X 10%hm?, K Fig.2 The quautities of sqil erosion (actual, potent)
TR E RN 3. TTX10%/a ‘(ﬁ 4), B L R R e KR R L ME R Ay § LT
HRUBAR(D GO HHT HMRE LR MEE A Y ERLREER Ao is the
e 2 T4\ (R 0. quantity of the actual soil erosion per hectare; Ap is the
321 RHELRASHESFNE LTHBHTHL quantity of the potent soil erosion per hectare; Acis the
EENPRKGHE AL BTWERNESALE quantity of the soil conservation per hecsare
B FURESEFEERKEEL WA WESHM 1. TSDBF; 2: LMGLD,; '3; TDSGLD, 4. PFLDs 5.
BT B4 R 62 R O 4 AR PR B R B A0 LS 2 TDSGLD, 6; ADSGLD; 7 TMECF; 8. BVWLD, 3,
SRITABE, IFLD; 10, AMSGLDs 11: WTGLD; 12: NIFLD, 13,

EREBELREENAEY . BT 154, 6 mg/ TMSGLD; 14; ASGLD: 15; STTECF, 16; TSGLD;
kg\iiﬁ* ]2.0mg/kg.i$5&'ﬂ 932, 4mg/kg[m;. Hi 17: TREBLF; 18: STEBLF; 19: WSTGLD; 20.
BB L R 0 £ 0 K B4 9% 4. 762, TOMDLFs 21, STSEBF. 22 STTMECF: 23.
5373 0 L 667170, AL W AR IR A A5 A TMMGLD; 24; TEBRLF; 25, STLDBEBMF; 26.
R LB TR BRI AR Ry, o AMED
2. 77X 10°0,1. 52X 10* t 0 1. 46 X 10° ¢ B Wk 38+ ME AL 5 31, 2000 46 R RO REAR 6% T B IR 45 A R AL 4 By
454 3% 750RMB/t,398RMB/t 1 1054RMB/t, B E AR MR FLBRARHLERSNBLY
#H4E % 3. 68X 10 RMB/a,
3.2.2 BOERLAMSHENE IESRSTRLHRE . BEERANER L. REREY. Y
MR ARA ERARG MR ERESE, AR SRR DR ST HET R
Fd Mol E R AR,

BRI EMAEE S 1. 250/ m7 R4 2001 4E R ESEHAEA, 2000 SE R AR FBOE LS R
& 4+ 51 % 2798RMB/(hm? - a) .488RMB/ (hm? » a) &1 96RMB/(hm® - 2)1*!, MWL S XA P EF
TaEHHESH N 5 92X10°RMB/a.
3.23 BAORDRENSFMAE MH. KEATHHESPRASSEATRANL. EHRITLEK
A Bk E TRMAEINSEE FNEERERO R RENEFNE.

EEBELARRESN NI QSOIA 37T 100 /3. REH LA E R L 25/m’ RE R

B i’ EEWAETERAN O TRMB. i KB HERERES ZAM S RBPRBENSTNED 2. 00X
10* RMB/a,
33 EERRLASRAELRRRIRLFHESREGF

EXHARRBEERES N PRAUM 7 HEXRL, FRAXKMESRENTHIN MERE. L
RER AEAERSSHLTARFURES RE L RRIF LT 038 ©RRGE 3), 78RR
HASEEEEANERSHNRGLEAMRESRBEIME NS MK TR O EeEST.

and soil conservation of ecosystems in QTP
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Table 4 The amounts of soil conservation in QTP and economic vatue

@ B4t i Bconomic value

JMRER  Timmnhe mrimds  LARBRD e
conservation Proteicl::)i::;f soil Redu:}:‘:s:f soil Decr;a}s];c: soil Total value
€ 1. €
ot/ (165 RMB/a) (105 RMB/a) (10sRMBray O RMB/®

FLD 22.97 22,42 10. 25 12. 29 44.97
IFLD 12.78 12. 48 5. 69 6. 83 25. 00
NIFLD 10. 09 9.85 4,51 5. 41 19. 77
PFLD 0.1 0.1 0.04 0. 05 0.19
GLD 156. 37 152. 65 2.21 83.06 237.91
LMGLD 0. 46 0.45 0. 01 0.25 0.7t
AMSGLD 5.1 4.98 0. 08 2.73 7.79
AMGLD 44.81 43.71 0. 62 23.77 68.11
ASGLD 18,37 15. 98 .23 8. 69 24.90
ADSGLD 1.36 1.33 0. 02 0.73 2,07
WTGLD 1.67 1.63 0. 03 0.9 2.56
WSTGLD 13.71 13. 38 0.19 7.29 20. 86
TSTGLD 12.35 12, 06 0.19 6. 62 18.87
TMSGLD 3.68 3.6 0. 06 1.97 5.63
TSDGLD 0. 35 0. 34 0, 005 0.19 0.53
TSGLD 18. 61 18.17 0.27 9.91 28.35
TDSGLD 1.18 1.15 0. 01 0. 63 1.79
TMMGLD 36,72 35. 85 0.51 19. 3¢ 55.76
|3 196. 82 192. 14 14. 0t 104. 66 310. 81
TMECF 1.39 1.36 0.1 0.7¢ 2.20
TSDBF 0. 03 0. 03 0, 002 0.02 0,05
TSMDLF 7.97 7.78 0.6 4.27 12. 65
TEBRLF 2.17 2.12 0.16 1. 16 3.44
FREBLF 12. 96 12. 65 0.97 6.9 20,53
STTECF 21.3 20.79 1.51 11.31 33. 61
STTMECF 47.05 45.93 3. 28 24.95 74,16
STEBLF 19.78 18.2 1.41 10.52 31.23
STLDBEBMF 48.7 47.54 3. 42 25. 86 76. 82
STSEBF 35.47 34. 64 2.55 18. 92 56. 11
WLD 0. 87 0.85 0.01 0. 46 1.32
BVWLD 0. &7 0.85 0.0} 0. 46 1.32
Sum 377.03 368, 06 26. 48 200. 47 595, 01

FrRENT AR JEEE T 0 T G T ) RS M IR A5 M S L 8K S M R T o) LA B iR L
BEEEALSHEEARERABENSHARES, RANBREFLRFEFHRWHNEBE TR 219
RMB/ (hm? * 2) i 5 Pimentel {5 82 E 1. 6X10° hm® R BB ERFHE NS HFRE R 2X10°
USS$ * (ST 103.75 RMB/(hm? » YW HRERA BREERHES AV ERAERHHRRE. EH
AGEBEOFES. AENE. RS HE SENASRZERELE. K ERIER LAY &
2 05 AL 5 G LIS A T SRR LR A A R B R R R R A SRR R
EE DK SRR LIROTSF A4 649 RMB/(hm® + &) . iX 57 Costanza B £ R B

» 1US$ =8.3 yuan



2376 £ &5 ¥ R 23

HEEZRELRPEERN, LRERAZFNE 100 USS/hm? « 2 GES T 879 8 RMB/ (thm* + a)) th¥
B, SRR S R B R R B A R B AR L e % oAb B X R LA
FIAEALEHERRRYREEFENASUETE L. BB EER 4R N2, ZaRE
HA ARG+ WRF AN E TN 517 RMB/ (hm? - 2).Costanza S5 EMESRE L NBME
HH LB RAEFMMAEE 30 USS /thm? » aY (5 T 249 RMB/ (hm? = a))PV l FH B 3 KB %

BESHER. XMEEENER.

T OO e i R
(EVSC)H RM B hes")
40

£1-100
- 101-500
- 500~ 1000
- 1000
A HR River

B3 FEGREERE L EREZFMATESN
Fig. 3 The spatial distribution of economic values of soil conservation (EVSC) by ecosystems in QTP
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