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Abstract : Maintenance of ecosystem health is the primary focus of a sound ecolegical restoration. Yet methods involved in
quantifying and assessing the health level remain a challenge to the ecological community. In this study, we used the hill and
gully area of the l.oess Plateau, Inner Mongolia, where soil and water erosions continue to be responsible for much of the
environmental problems in eastern China because of its fragility and long disturbance history. In this study., we developed an
assessment method of indicator system (AMIS) based on analytical hierarchy process (AHP). fuzzy mathematics, and the
theory of net-hierarchy. At ecosystem or catchment scale, three sample areas of: (1) intact vegetation (i.e., Aguimiao
Natural Conservation, 110°45'E, 39°28'N), (2) reconstructed vegetation ( Wufendigou Soil and Water Conservation
Experimental Area, 111°07'E. 39°45'N), and (3) severely degraded vegetation (Yangquangou Catchment, 111°06'E. 39°45
N) in the l.oess Plateau in Inner Mongolia of China were selected to examine ecosystem vigor. organizational structure, service
function, and soil health. We applied the AMIS for all three landscapes by categorizing each ecosystem into five health levels.

We found that the health index for reconstructed vegetation were at levels of N, 1, N and I, while those of degraded
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vegetation were ranked at V, N, V and N. Overall, the comprehensive ecosystem health index of reconstructed vegetation
was lower than that of intact vegetation but higher than that of degraded vegetation. The health index for reconstructed
vegetation was at level T, and that of degraded vegetation was still at level M. The contributing values were: organization
structure > soil health > vigor > service function. Based on our results and assessments, we proposed several management
recommendations and methods for restoring the regional ecosystems.

Key words:Loess Plateau; Inner Mongolia; ecosystem; heal:h assessment; indicator system; sustainable development
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Table 1 The construction of ecosystem health indicator and weight statistic result in hilly and gully area of Loess Plateau in Inner Mongolia
BREOERE) CEERZE) D 2 fatr)z)
[;*E;q Layer B(rule layer) Layer CGndicator laver) Layer [}(vice indicator layer)
(B 2) _
Layer A H-—4 - —4¢ q —1k
(objective M BE REE 145 W& i WEE % b R WE
fayer ) Function Weight Unitary Indicator Weight Unitary Weight Weight Unitary
weight weight weight
Fr KM Arbor woods 2. 040040, 7895 0. 2350
DR Ty e ! e re r
= » 8200+ > 0.2779 Ps | 8R00=0.3377 L. 0000 ¥ A M Shrub woods 2. 400010, 6455 0. 2765
Vigor 3. 880041 013 ' rllzilar: ' o ' EH Grassland 2.3200+4-0, 7483 0.2673
production L8 (AR Moss 1.92004-0.7993  0.2212
MR AT
BY K 45 1 Vegetation cover 1. 84004:0. 3742 0, 2599
Community 5 953810 6796 0.3604 HEHMEZE
property Moss cover 1. 240010, 5642 0. 1751
it 3004 0. 663: 0. 3899
2.08004+0.7594  0.3326 Species diversity 2.76003:0. 6633 . 38
LY LR
HAEH KR #y Moss diversity 1. 240040, 5642 0. 1751
Orgamzation 3. 7200+0. 9798 0. 2665 Hgrizontal 10200408622 0.3070 BT 4 A KR
structure structure C{}Hlﬁlilnit‘f pattern 1« 8{}0{}:{ 0, 81 65 0. 1891
K53tk 25 KRR e f
Water ecotype structure 1. 88003:1. 0536 0.5109
HAE " A YR Layer biomass 1, 02004 0. 5050 0. 2649
15 8 18 %E“f@ 5 ¥ Layer cover  1,310040. 6123 0. 3403
S ertica A R
cosystem structure Life form structure 1. 52004 0. 5089 0. 3948
health ‘
iR % 31 e KA AR
. . THRB MR | |
Service 3.12001+1.1299 0.2235 Soil and water 1.6400£0. 4899 1. 0000 , , 2. 28004 0, 8426 1. 0000
. . Soil eroston modulus
function conservation
RAEMERK
M) M T Humus layer depth 3. 08001 0. 8092 (0, 3889
Physic 2.360030.6377 0.3576 HEKE o
R property Soil water content 2.9600x 0. 8888 ). 3737
. 3.2400%1.3000  0.2321 HULRE R |
Soil health Organism content 1. 8800 0. 6000 0. 2374
fe 2 1 Tl 1.9600+0.6758  0.2970 £ NA&B
Chemical Full N content L. 7200+ 0. 4583 0. 5000
property 2P 3R
YR Full P content 1. 72004+ 0. 4583 . 5000
Biologic 2.280040.8462 0.3454 AR BHRE , .
broperty Microbe community 2. 04004 0. 7348 . 0000
quantity
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Table 2 The grade of ecosystem health index standards

5 b5 Indicators

41 R PR HE Level standard

[ i | v v
i 5 o % 1:35: 3 fi R . {ik R ﬂﬁﬁ‘{i‘ s
Health index Excellent health Health Sub-—heglth Mobidity Illness
0. 80~1. 00 0.50~0. 80 0. 40~-0. 60 0. 20~0. 40 0. 00~0. 20
FFARMREY B/ Arbor woods biomass (t/hm?) 54.53~68.17 40. 90~154, 53 27.27~40. 90 13. 63~27. 27 0.00~13.63
KM A Y& Shrub woods biomass (t/hm?) 0.52~0. 87 0.52~0.69 0. 35~0. 52 0.17~0. 35 0.00~0.17
B b A4 ) & Grassland biomass(t/hm?) 0.56~0. 70 0. 42~0. 56 0. 28-~0. 42 0. 14~0. 28 0. 00~ 0. 14
B8 (5K 4t Moss biomass(t/hm?) 0. 25~0. 31 0.19~0. 25 0.12-~0. 19 0. 06~0. 12 0. 00~ 0. 06
W8 W 55 BE Vegetation cover( %) 30. 33~237. 91 22. 75~30. 33 15.17~22. 75 7.58~15.17 0. J0~7. 58
EHHEY ST Moss cover(%) 4.37~5. 46 3. 28~4. 37 2.18-~3.28 1.09~2.18 0. 00~1. 09
Y1 Bh 2R (B Species diversity 168~210 126~168 84~126 42 ~- 84 0~ 42
EHEY TR (FEED Moss diversity 58~ 72 43~58 29~43 14~-29 0~ 14
BEY% 5+ i #% 5 Community pattern 0.80~1.00 0. 60~0. 80 0. 40~~0. 60 0.20~0. 40 0. 00~0. 20
KA H B HKBEH R Water ecotype structure 0.80~1.00 0. 60~0. 80 0. 40~~0. 60 0.20~0. 40 0. 00~ 0. 20
FFARE Arbor layer 58.07~72.59 43. 55~~58. 07 29. 04~43. 55 14.52~29. 04 0. 00~ 14. 52
ﬁfi?ﬂ # AR Shrub layer 1.24~1.55 0.93~1. 24 0. 62-~0. 93 0.31~0. 62 0. 00~ 0. 31
Laver biomass B A2 Herbage layer 0.90~1.12 0. 67~0. 90 0. 45-~0. 67 0.22~0. 45 0. 00~ 0. 22
EM (R Moss layer  0.25~0. 31 0.19~0. 25 0.12~0.19 0.06~0.12 0. 00~0. 06
F+ KRB Arbor layer 15. 86~19. 83 11. 90~15. 86 7.93-~11. 90 3.97~7.93 0. 00~ 3. 97
SNEMERE (%) MAR Shrub layer 30. 82~38. 52 23.11~30. 82 15.41~23. 11 7.70~15. 41 0. 00~7. 70
LLaver cover K A& 2 Herbage layer 27. 86~ 34. 82 20.89~27. 86 13. 93~20. 89 6.96~13. 93 0. 00~ 6. 96
BB (HE )R Moss layer 4. 37~5. 46 3.28~4.37 2.18-~3. 28 1.09~2. 18 0. 00~ 1. 09
A1 B 2B iR Life form spectrum construction 0. 80~1. 00 0. 60~10. 80 0. 40~0. 60 0. 20~0. 40 0. 00~10. 20
iniﬁf)ﬁ #2 Soil and water conservation 00~80.00  60.00~80.00  40.00~60.00  20.00~40.00  0.00~20.00
% 8 7R )2 BB Humus layer depth(cm) 2.91~3.,63 2.18~2.91 1.45~2.18 0.73~1. 45 0. 00~0. 73
T 3K & KB Soil water content (%) 6.27~7. 84 4. 71~6.27 3.14~4.71 1.57~3. 14 0.00~1.57
HHULHE & &/ Organism content( %) 0.551~0. 689 0.413~0. 551 0. 276~0. 413 0.141~0. 276 0. 000~~0. 138
£ N & # Full N content(%) 0. 029~0. 036 0. 022~0. 029 0. 014~0. 022 0. 007~0. 014 0. 000~0. 007
£ P& & Full P content (%) 0. 027~0.034 0. 020~0. 027 0. 013~0. 020 0.007~0, 013 0. 000~0. 007
M Y| Microbe quantify(XlO“/g) 1039~11298 779~1039 519~779 260~519 0~260

* RPBWEIGRE KFESLEBAR ABERHBHAREREYRUREGS

ecotype construction and life form spectrum composition in the table are all expressed by their comprehensive index
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Table 3 Health index of ecosystem vigor in three sample areas

B j# l.ayer B C & Layer C D Layer D
ik B s X VIR FE AR T AR K 2 i B8 (H )

Health index Primary production Arbor woods Shrub woods  Grass land Moss (soil crust)

B

Sample area

FA MK Intact vegetation 1. 0000 1. 6000 0. 2350 0. 2765 0.2673 0. 2212
AT X Reconstructed vegetation 0. 3612 0. 3612 0. 0396 0. 1062 0. 0554 0. 1601
B KGR Degraded vegetation 0.1969 0. 1969 0. 0006 0. 0460 0. 0866 0. 0638
4.2 R LEEH £4 EREXTAASNORMENBNER
HRIAFEREX N L . HEBBEXAEEREZE XL TFHY Table 4 Health index of organizational structure in three sample
5 49 77 T BRI G ). _
| . — B2 C & Layer C
ATLUE R ATIRER X TAHREG W7 E &R AE
. | - | R Layer B BEHE  KT4H BHLH
T BARPER MM TREERX, o H4LTF TR ERRK Sample area BEHEE  Community Horizontal Vertical

FOMNE(—BEESKE), EATHRBX HFXEF#EH Health index characteristics  structure  structure
KNG 0, RIK 2R E R M EHS W BRI B X 18 O i‘iiﬁfﬁmm 1. 0000 0. 3604 0. 3326 0. 3070
GEAMMEFEEARGOEHEFEOTRERTAE.
,ﬂﬁﬁ’H&A:%Egﬂg_ﬁyﬁiﬁﬁgmmﬁ,z__ﬁ_‘ Reconstructed vegetation 0. 6100 0. 2082 0.2317  0.1702
. BRAIKRERSE 20 RAFHKESEE, BENSE BUFRER
BESMARSHE BESECE SR BRAAEHHE  Dereded vegeation

MG S@RENNARANES LT 14 TROZ, BR

i

0. 3938 0. 1078 0. 1732 0.1127

RS BREXTATRERFSYEHRMEREN T

X EE KA S 2 B Table § Health index of ecosystem service function in three sample
4.3 HBTRGEMRFINEE areas
EHERXTRARFIENBEHBAE 5. ) B2 Layer B C J2 Layer C D 2 Layer D
EAESRARGEMFSIENREERE S E, A LRERKX M X i R 95 %K AR 1RRUHER
ample area eal Jiminish oil erosion
{5 14 8 X AR 1 T IR HELBEIK 40 AR T N 4 (— M 5 K > Lot Dmimsh Sl crosi
EORMVERBAKE), EALIEHEK, BRELT 20 RENK A B K —
, ; o 1. 0000 1. 0000 1. 0000
ES5HEM KERFRBT —ENRA-BEEEBRBEXMEE  Intact vegetation
AEEEKWERE, MBARBEXBESAHBERXWZER élfﬁﬂﬁ ; | 0. 2142 0. 2142 0. 2149
WAT . 0754 U — 7 R B B FK b AR R M A M*;E‘E vepstation
YHE M LREHX T A LR BRRUFNEEA —F  Degraded vegetation -oeEE 008220062

REEER: B —Jrmh TRENMALRS, A S B R MK
Pl A= s DA K MR T NS, i LR W

Table 6 Health index of soil in three sample areas
HBFE ESRENARREFE TR E RS T RER B -

K6 BHXXTLIREMEKENE

B % B 2 Layer B C Z Layer C
R EIRIE Sample area BEEN YHENR bl S5 ER
4.4 T ZH{EBEE Health index Physical Chemical Biological
ERXXTITREBREIEHARREERRLESG. BRAERBE Incact 1.0000  0.3576  0.2970  0.3454

vegetation

MR ERALE AT HERK L SRR TE
REERTERTREEER. DL F IR T@BEK  structed vegetation o155 01428 0.1752 0.1953
FOMN G (—BRAKE), EATEBR ERMETER  BAKRBER Degr-
B MG P TR R AL ) IR, W TR IR 0 AR (/s B kg ooed veeetation
BRXEENE., XEPRALEEXEZ2T 20 2FNKRESS

B, 4 ORI T — S R B A B R A 0 B 0T A R 1 B 3 (6578 U T A R RO/ 02 M R A SR A 0% T K
AT BRI BB B 5 T AR AL R 6 T 1K ol T A B 00 o A B A A 8 R otk o 0 0 2 10 B T 2 B
T FC R 0 T I R A 2 I B A 2 — BLAD FRE KR

4.5 BB RIS B

0. 3885 0.0815 0.1708 0. 1362
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A el Ab T W 28 (W i RR
-YEERR A 1R BIRSNEERN FEVEE /D,

~AE R IR R LA SO N R R A B SR R O L (1R
XESEBBERR R RAFEHSHREGHTE. 58
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P O ENR MWD B ERUNNEBSHNAR G ASRE@ENS FEIDBEIEAR B9 B 7. RS D 6e 0 4 3
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Table 7 Ecosystem health comprehensive index in three sample areas
AR B FZ Layer B
Layer A i 7 fH A L5 HR 5% 1 RE + I R
FE X Vigor (Jrganization structure Service function Soil health
Sample area PAL {8 A B A A A £
| RRIEH gy Added  BEEE Added  {@BE4E Added @ Added
Health ¥ HI weight ¥ HI weight # HI weight ¥ HI weight
index HI value value value value
IH— 4L A HE {H Unitary weight | 0.2779 0.2665 0.2235 0. 2321
FA B X Intact vegeration 1. 0000 1.0000  0.2770  1.0000  0.2665  1.0000  0.2235  1.0000  0.2321
AL Reconstructed vegetation 0. 4299 0. 3612 0. 1004 0. 6100 0.1626 0.2142 0. 0479 0.5133 0. 1191
B KREHRK Degraded vegetation 0. 2637 0.1969  0.0547  0.3938  0.1049  0.0622  0.0139  0.3885  0.0902
5 &ZikSiTie
5.1 %
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