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Table 1 Index system of water and soil loss comprehensive management benefit of small watershed

MERZEGE 1R HEN)Z (5 2 J2) fibR)z G 3 )2)

General object level (No. 1 leveD Criteria level (No. 2 level) Index level (No. 3 leveD)

MR 35 % Vegetation coverage rate (Cy)
4 HEAZ kL Modulus of soil erosion (Cy)
e A JGFRE Control degree of soil and water loss (Cs)
Ecological benefit (B;) BB 3% % Enclosure rate of livestock and fowl (Cy)
+ A ML Soil organic matter (Cs)

+ 55 KB Soil water content (Cg)

UNEVES PR S B/ RH Engel coefficient (Cr)

Evaluation on soil and water compre- e #H F /KF Educational level (Cg)

hensive management benefit of small Social benefit (By) A7 R 3 Commercialization rate of farm products (Cg)

water shed (A) HE IS A PRI i 4 2R Increasing rate of living & manufacturing facilities (Cio)

AR 7 Environmental awareness (Cyp)

A4t A Rural per capita net income (Cyz)

N 4l E 77 {l Total agricultural output value (Ci3)
By 3 €

Economic benefit (Bs)

AT Input-output ratio (Ciy)
584 72 & Labor productivity (Cys)

+ M4 7= % Land productivity (Cig)

R2 MEHIWERERNRETE
Table 2 Scaling method of establishing judgment matrix

bR ¥ Scale a;; % X Meaning
1 FoR 2 AR EMIE, AR A EZE M Comparing the two factors, they are the same important
3 TR 2ANEMEL, —PMHERE S — PR ZRMEZ Comparing the two factors, one is light important than another one
5 FR2AHREMEL, —~PMHE KRS — K 5 EZE Comparing the two factors, one is obvious important than another one
7 TR 2AHEEMEL, —PMHEZELS — PR ZMHITEZE Comparing the two factors, one is very important than another one
9 TR 2AHAREMEL, — DR Z S — D E i E % Comparing the two factors, one is extreme important than another one
2,4,6,8 H F IR AR H W6 H . Mid-value between the two adjacent factors judgment above

BI% Inverse (1/a;) ay FaRNE i SRE ) WEMGER . KNE ;) SR K BN N HAFH 1/a; a; is the comparison value of factor i and factor j,

while 1/a; is the comparison value of factor j and factor ¢

R3 FIETERE A RMMENE

Table 3 Judgment matrix A and corresponding weight value

ZEA R 35 TEHM Comprehensive benefit evaluation (A) B, By Bs T Weight (W,)  FR#E{LALTE Standardization weight (W)
H: 2554 25 Ecological benefit (B;) 1.0 2 1.0 1. 260 0. 400
#4525 Social benefit (B,) 0.5 1 0.5 0. 630 0. 200
Z 35525 Economic benefit (B;) 1.0 2 1.0 1. 260 0.400

W DA TR v 2 A AR 2R (B A SRS (B RN B AL 2R (By) i AL EE 43 514 0. 40,
0. 200 0. 40 FEAE B 4% (BOFE IR 2 H - 48 I G FACEHEF 200 8 :C >C, >C > C >G> Co s fEAE U 4
(B FARIZ T S8 PR AT HEF 43 3 H 1 Co > C >Co >Co, >Chy s IE AT 5 F8 bR )2 T & 38 47 T 5 19 AL T HE 7
H:C>Cpy >Cp, >Cp >Chy
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Table 4 Judgment matrix B, and corresponding weight value

B & C Cy Gy Gy Cs Cs AL P AL AL HENE
Ecological benefit (B;) Weight  Standardization ~ Combination weight
weight (W) (W XW;;)
FREEFE 35 % Vegetation coverage rate (C;) 1 1 2 3 5 5 2.31 0.301 0.120
+ 2 A% Modulus of soil erosion (Cy) 1 1 2 3 4 4 2.14 0.279 0.112
VAT JE Control degree of soil and water loss (Cs) 0.5 0.5 1 3 4 5 1.57 0. 205 0.082
&M 3% % Enclosure rate of livestock and fowl (C;) 0.33 0.33 0.33 1 3 4 0.87 0.114 0.045
+ HEH HLT Soil organic matter (Cs) 0.20 0.25 0.25 0.33 1 2 0. 45 0. 059 0.023
+ £ K it Soil water content (Cq) 0.20 0.25 0.20 0.25 0.50 1 0.33 0.043 0.017
R5 FIETEMKEB, RXMEAMNE
Table S Judgment matrix B, and corresponding weight value
R €T G Cs Cy Cio Cu X E FrtfE LAY T A RE
Social benefit (B;) Weight  Standardization =~ Combination weight
weight (W) (W, X W)
B IR 22 %% Engel coefficient (C;) 1 2 2 3 5 2. 268 0.363 0.073
# 7 /K F Educational level (Cg) 0.50 1 3 4 5 1.974 0. 316 0.063
A 77 R 2 Commercialization rate of
0.50 0.33 1 2 4 1. 057 0.169 0.034
farm products (Cy)
AT AR 7= it 3 K % Increasing rate of
living & manufacturing facilities (Cy) 099 020 020 ! ’ 0- 608 0097 001
AR =1 Environmental awareness (Cyp) 0. 20 0. 20 0. 25 0.50 1 0. 347 0. 055 0.011
%6 HEEHE B, BxEMNE
Table 6 Judgment matrix B; and corresponding weight value
VR Ciz Cis Cu Cis Cs  ME i HE AN HAME
Economic benefit (B;) Weight  Standardization ~ Combination weight
weight (W) (W XW;;)
A4t A Rural per capita net income (Cis) 1 1 2 3 4 1. 888 0.303 0.121
Al B 77 Total agricultural output value (Cy3) 1 1 3 4 5 2. 268 0. 364 0.146
AT H B Input-output ratio (Ciy) 0.50 0.33 1 3 4 1.149 0.184 0.074
84 72 % Labor productivity (Cys) 0. 33 0. 25 0. 33 1 2 0. 560 0. 090 0.036
+ 342 7= % Land productivity (Cig) 0.25 0.20 0.25 0.50 1 0.362 0.058 0.023
T —HHERBRER
Table 7 Result of consistency test
Wi % 4% Judgment matrix CR HIWr Judgment 2 HA — 3 M Whether consistent or not (Yes or No)
HEN]JZ$8 47 Criteria level indicator (A) 0.003 5 <0.1 J& Yes
e 2538 25 JZ Ecological benefit level (B;) 0.081 1 0.1 J& Yes
255581 25 )2 Economic benefit level (By) 0.083 1 <0.1 &= Yes
#4233 )2 Social benefit (B;) 0.034 6 <0.1 & Yes
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HI T IE O 15 A 1A 2 00 4N [R] 15 A ) B 22 5 O AR TR 98 A IRV 7 i AN RE ELH B AT UL OF L =
AR . PRI RS IR OK 3 R P 3 M T X A AR R (B BT U — A AR B AR SR R AR A LR B AN
2o 2 b T RE 1K B A BRABUEL A D b v AL X — AR E(EDRE A 45 A ok T4 5 I T) b — R Vi R A (19 2 BR M
AR — I BN B 2R B 1 BB B AR MR AR U b 1% S D L TG A AL A PRLEL LR 8,9,

R8 BRBENINERFER

Table 8 Real measured value of various indicators and standard value

a4 Index

i H Item
C C Cs Cy Cs Ce Cr Cs C  Cio Cn Ciz Cis Cu Cis Cis

EFRFREME Standard value of index  0.30 500 0.90 0.99 0.03 0.18 0.25 8.00 0.30 0.15 4.00 2 000 180.00 0.60 10 000 500

SN E 2001 4F In 2001 0.10 4 627 0.73 0.70 0.01 0.12 0.52 4.80 0.14 0.10 2.20 1620 115.83 0.95 8074 267
Measured value 2005 4F In 2005 0.21 1300 0.84 0.95 0.01 0.11 0.46 5.60 0.20 0.14 3.80 1748 158.30 0.82 9167 343

HA8 ¥R i The unite of each index Cy:t/(hm? ¢ a);Ciy: 76 Yuan;Ciz: 76 Yuan;Cys : JG Yuan/ (A People * a) ;Ci6: JC Yuan/667 m?

R BREENRTENNLE

Table 9 Non-dimensional value of various indicators

545 Index

AE4 Year
C C, Cs Cy Cs Cs Cr Cs Cy Cio Cyy Cyz Cys Cyy Cys Cig
2001 0. 34 0.11 0. 81 0.71 0.42 0. 68 0. 48 0. 60 0.47 0.67 0.55 0. 81 0. 64 1.75 0. 81 0.53
2005 0.70 0. 38 0.93 0. 96 0. 45 0.61 0. 54 0. 70 0. 68 0.93 0. 95 0. 87 0. 88 2.03 0.92 0. 69
I 9 v & 2648 bR 1 JC 12 A0 A0 (1 S i SR s 108 % R0 ZxFaREERTERE
WAL EE , A H 2001 A1 2005 4E 2 ANEFREIERAOEE 1 2 Table 10 Calculation of ecological, economic, social
é%é’%lﬁﬁ&% 2 E/}:?{S&ﬁﬁ R é’é{f?’;&ﬁ ﬁi%%{ﬁfg‘ benefits and comprehensive benefits
FRfE RS R 10, W OERMEE AWM A% RS e
3@ 3t sz'&zq lﬁ] H;J— I‘ET] B ?}ﬁ igﬁ é/% % 5& % ;FEI:‘ 1:/]} {E EI/‘J r%] Year Ecological Economic Social Comprehensive
’ﬂi& , ﬂé#“ %ﬁ?}zﬁiﬂﬁ ‘{é }EEI IEJ HTJ_ I\ETJ -E& /:—IE 7|§ 2 ‘Z% g\ é}ﬁ [j\j % benefit benefit benefit benefit
EWSREYA N \ N y S 2001 0.431 0. 907 0. 539 0. 280
g 072246 TR B 255 3 F 2 APE A /D i 828 &R ’
\ 2005 0.672 1. 083 0.676 0.752
PR s 0 H Y
2 HERE5HMW

2.1 ZHKAEHH

B aR g e AU R TR BEE A RS BP0 B FERE o T Z W A3 B 2 /N i e B AN 5 TR O 09 45 R R L ik
SAERIVAM TAE RIS S A T RIS . 2005 45558 bRE M 0. 752,2001 4E 4 0. 280,2005 48
Fb 2001 AR T 168. 5726 (K 100, M= KRB IFMEERE LA T 42 M e K AE B IR Z 4k &8k a6 2
e KA o A A PN S A I R s R T RO B T AR LR A TR B L R G Y AR A AL R W] I 4R
s AR AT RE B AP Y o AL 2 A UR A WARE MK N TR A A A T AL S B B R G0 IR AE n] R 2 R E AR
PPARE K., BE/NRBAESFRE AT REM S RGNS RE 0 i — 28 58 38 e & F 2 B
i 2 A AL AR

MN 3 S5 X 25 G A AR 1) TTRR O A L AR AR RS AN 48 T AU % TR R AR [R] L AR A S O 0. 4 k2 8K 5 AL R
0.2, AL T —J7 TR B A & A B0 AL 55 PR A BB AR I B s P R B A g . TTAE SR R AL 47
T 2 A4 T8 A A AN B S FERY JOE H By & 2R /NS 25 RE W s 1Ll .
2.2 ABHBLSH

10 M E5 R 8K 2005 AR AR SRR R 0. 672, H 2001 4F 74 0. 431 ¥4I T 56 %, Uk B Zad 5 4F (1
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RIS EEA IR A SO A TR SR Y A K R R AR AR AR B T G AR DL LA
Ji .

2,201 FHBEE G RN LI H A S R P A RE B 3 2l 2001 AFAY 10. 1 263 E] 2005 4R 21. 3%,
PR T 11.2% . FeARMIEAGEE] 0. 61 hm®  FEAME LA 1. 18 hm® , FFHEIR S AL 0. 44 hm® , Fr i BR3¢
HAGAE] T 0,40 hm? , A T HH RN 0. 06 hm? . ik 0 2 98 BLEE i 2001 4E Y 72. 6 %0 34 fin 3] 2005 4FfY
84. 000 TR 00 % 513 I V8 T 2 A 5 T8 6 AR St T A L 1) 2% T TG 2B YA B A .l TR R B R N, A ROk
T ARG K TR BN T E ] 0 T A A IR A, — S RUR L BT B ) 43 17 Sk T O AR A T AR R R
B A 1R T RIS - o0 7843 AR SR 7K 9 IR B T R A I AR S R B A

2.2.2 R&EYu AR A B 7 A S IR 208 A B 09 IR B sk T SR N i AR S T RE . R G
WO BRI . HETE/DNRIBANCEE R T Z B RE G BB IR R K LR KD RE T W 3G 3 . DA PR IS Bk 1 52
W AT LA Y SR B BN 2001 4E 11 4 627 ¢/ (km® « 2) FFEF] 2005 4Ef9 1 300 t/(km® « a), H T/K ik E
ZEA A R 0 S L TN 0 R e R A T — e B R A R D 2 R G s e B A M
HH A5 B 23, A LT R RO Y 1. 26 038w B H T 1. 33 %6, AR Jy R AR 1l e T B A

2.2.3 AEATIReRGR MR N AN W B R b B SR 1 o R R b A S [ TR B L 25 G 5 AR SR S O
TE Y 3 R MR A B B A S B 3 BRI I A R B AR S FE TR A R RS S AT TR R LR . B
573 T0 08 R 3R B B 33 b LA I 352 KT B 38 MR 4% B 52 48 8 45 (Medicago sativa) (2L 5. % (Onobrychis viciae folia)
SEAL T S B b IR R AR A7 2% (Caragana intermedia) P JCHip pophae rhamnoides) 55 AR T8 ¥ LA HHE Sy 4k
A SRR BT o R Ik A A Ak B AR AR A AT (Platycladus orientalis) Ky 4% 55 it 52 T A F
A TRl 2R FH N L 38 3 8t AR 3P B A R AR B AR AR T AT O 0 25 () B 0 38 TR S AR B 4P o P 33 02 0 b il 1
BT T 38 R A AT 4% M (Amor pha fruticosa) ZEREARI IR A N & R EEAAR Y F 837 0 . SIS
Fe AR FNTE AR, 760 TE AR BT D7 AR M0, DU 7 £ B R K L B 1K R A R K R W UR .l 0 X S 25 A B
BT B A P BCE BT — DRI G B R R TR G Y AR AR T RE MY 5 L 4 A TR .

3 o A 5 3 R % 7 IO ) T S5 A ARl FH i 3 TR R B AR L B G R S AR 4L S SO SR - A
P73 RO 8 o AR O 7 et R 7 4 v o (] pl T 1 6 8 55 W A 15 s 4 v 1 SRR PR AT A RE g 0 T
M B ph . W e 2R I TR R s ) G R O R S TR L AR R T 30 %,

IK A ORAEAM AE t bR R e A R i A DL S AR T IR X SR SR B RS AR R . SEERAEW] L TR IR
Sl A SEEAT A T) 6 A 0 s ) TG B R O B T AR X R K AR A g SR A R DG ROR B DA K
FERRE B A RO R0 A S IR A B AT MR AR L TR R G R AR AR R T RE R R R TR E . BB
T — 20 Rl R L RS FE A RS .

2.3 ZH&H

WAL ZE AR EL PR T MR RS PR T A A D T K G B T R A A R AR A R A R Ak
8 R AR i T A T R . 2005 A It il Rl S B AR 158, 3 T3 g, H P Al 153, 3 T3 gt AR2R K 0.5
FIG. Bl 4.5 7T, LI BERT Y 115. 83 TG HN T 42.5 T, TFEFAEN ., K 7 & 8 LR Bt & %5 % (Solanum
tuberosum ) N F WL FAEY) , F-H 7= B Al 83 22 500 kg/hm®, 7= {H ik 9 000 JT . b PR A FIAE /N FZ (Triticum aesti-
vum)IENNT 4 500 270 X — TR K3 w5 TR AE IO . T A TR I S 0 b I T R T B AR —
R A 2 BT 50 F T AR B A 5 S, D0 5 A e 1 R ASE AL B A A ) B T AR BE IR B 1Y Kk S B DU
E MR —BE AL ERAE R 4 912.8 J6/hm” , He ik Mk B2 E B ER I T 2 145 56, 208 /0> + 847
TR [R) B30 T MR BRI . BEBE A U R R SRR I AR RA TR AR — D EZE . XA AHA T
o R £ TR K B R B A 2 R L ) 2 It o 3 e xR el 1 B 4 Ak 28 A B A 7 00 BT R i s ] R SR AR T AR A
BiR M B — AN E . SR R RlE 7 E AT 3K 24 935 J6/hm” YR AR T LW S I .
TR T ) B R A R A5 R R R R T AR AR R RO A AT L 2001 4R 0. 95 REAIK F
2005 4F1 0. 82, 35 Bl A= 7 R | SR 19 8 074 J6/ (A » a) #2553 2005 49 9 167 T/ (A + ), T b2k 7= Z iy Ji

¢_(
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Kl 267 J6/667 m® HEANF] 343 JC/667 m” L FIHEE N 28. 46 Y0, Bk A4 A 2001 4E R 1 620 ST TN
) 2005 41y 1 748 S 4w T 7.9%.
2.4 AHLHE

R R R LR AR TR ARA B SR & B 1Y A B S B THE S8R 19 F H 1Y & 5F R A2 58 AL 2534
i 5 AR AR AR W BE AL BT AR . NRIER B VR PR AL S A AR R AR D TR S R KR I R O fE T AR R A
TG BT AT . X Sk o R B R BN R — B0 . T DABR R DN T B AR 1 A 3 L B/ U 2R
B FER AL S8 EE LSRN IR EE A 1A LA D AT 55 AR B L X2 AR Sk R B AR S /AL 2
K H bR & W E 1

LRIMBGE T 5 FLR AR AL SRR B E R E . AR 10 LRGSR T E 45 Rl 0. 2005 Fit 4
RASTEARIE N 0. 676, 1 2001 AEAUFEFRMA 0. 539 488 T 25. 4%, B 5 AE R M SR s AR Rk 3. TEX &85
i (DT IR A S AR o 20 00 s H O T DA 23 2R 0 R A TR BRI AR LA A T Z s AR . Ak SR 0 4
1o DA BRI o 9 A R T R B ke . AR A DG FE bR I SC DA S L 9K A R AR JR R B 2001 4 /0. 52
FEARE] 0. 46, X — 48 b5 9B AL 7840 s T N RAETE KP4 R . R K AR s G AL 8 FSCHIFE B2 . Gl
TR 87 MAEAR P A R L5 R DB ST B E AKCEA T E Y B 2001 AR Z T 4.8 4 BT
F) 5.6 4. J3Hh WA G IR R RIOE SR L ER R A T8 A RIE AR DR FTR T 8 Y K&
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Evaluation of comprehensive management benefits of Anjiagou small watershed in Dingxi, Gansu
CAI Guo-jun*?*, ZHANG Ren-zhi', CHAI Chun-shan’
(1. College of Resources and Environment, Gansu Agriculture University, Lanzhou 730060, China;
2. Gansu Forestry Science and Technology Research Academy., LLanzhou 730020, China)

Abstract: Using the analytic hierarchy processCAHP) , the beneflits were analyzed and evaluated, of comprehen-
sive management of Anjiagou small watershed in Dingxi, Gansu during 2001 —2005. In Anjiagou small water-
shed, the comprehensive benefit value increased 168. 57 % and the ecological benefit value improved 56 % during
the 5 years from 2001 to 2005; the vegetation coverage increased from 10. 1% in 2001 to 21. 3% in 2005, the
control degree of soil and water loss improved from 72. 6% to 84. 0%, the modulus of soil erosion decreased
from 4 627 t/(km?® « a) in 2001 to 1 300 t/(km’ * a) in 2005;the agricultural input-output ratio decreased from
0. 95 to 0. 82, the productivity of labor increased from 8 074 yuan /person per year to 9 167 yuan/person per
year,the land productivity improved from 267 yuan/667 m” to 343 yuan/667 m”, and the average increasing rate
was 28. 46 % ;the rural per capita net income improved from 1 620 yuan in 2001 to 1 748 yuan in 2005, and in-
creased by 7. 9%. Based on the result, it was regarded that: through carrying out a series of management meas-
ures, the ecological, economic and social benefits in Anjiagou small watershed were all increased to some ex-
tent; the ecological and agricultural production environments were obviously improved; the living standard of
local people were remarkably elevated; the harmonious development trend of agriculture, forestry and animal
husbandry has come into being; the ecological economy and social multiplex system in Anjiagou small water-
shed were developing towards sustainable, steady and harmonious trend.

Key words: small watershed; analytic hierarchy process; index system; comprehensive management; evaluation

of benefit



