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Response of Soil and Water Conservation Ecosystem Service Value to
Land Use Type at Anjiagou Watershed in Dingxi City
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Abstract: [ Objective ]| The ecosystem service value of different land use types at Anjiagou watershed in
Dingxi City, Gansu Province was quantitatively determined in hilly and gully regions of the Yellow River
basin from 2005 to 2020, and the temporal and spatial variation patterns were studied in order to provide a
scientific reference for optimizing land use structure and sustainable utilization of land resources in this area.
[ Methods] Soil and water conservation ecosystem service values were quantitatively analyzed by using the
opportunity cost and the shadow engineering method in the Anjiagou watershed from 2005 to 2020. Land use
types included artificial grassland. wheat fields, sea buckthorn land, Chinese pine land, closed land, and
barren land. [Results] @ Ecosystem service values continuously increased from 2005 to 2020 for all land use
types except for wheat fields. @ The average value of soil and water conservation ecosystem service for

artificial grassland, wheat fields, sea buckthorn land, Chinese pine land, closed land, and barren land was
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5.82X10%, 4.49X10°, 6.99X10°,6.73X10%, 5.34X10°, and 4.68X10° yuan/(km? * ha) respectively. The
order of the rasult was sea buckthorn land>>Chinese pine land™>artificial grassland™barren land>>closed land
>wheat fields. However, there were significant differences among different land use types. @ The annual
growth rate of ecosystem service value increase was greatest for artificial grassland (9.82%), followed by
closed land and barren land (8.52% and 6.84% . respectively), and lowest for Chinese pine land (2.12%).
However, there was no obvious trend in wheat fields with years. [ Conclusion| Sea buckthorn land and
Chinese pine land accounted for 21% and 20%, respectively, of the soil and water conservation ecosystem service
value, followed by artificial grassland (17%). Wheat fields accounted for the least amount of ecosystem
service value (13%). Closed land and barren land had intermediate values (15% and 14 %, respectively).
Therefore, the key to controlling soil and water loss in hilly and gully regions of the Yellow River basin is to
maintain and improve the quality of forest land and grasslands.

Keywords: land use patterns; ecological service value; opportunity cost; shadow engineering; Anjiagou watershed;
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Table 1 Potential soil erosion of Anjiagou watershed

4 2/ T L/ WA A= i/
4

W R (kgem *+al) m* (kg+a ')
AR (L) 19.2 50 960
Bm(H) 44.7 50 2 235
A 32.0 50 1 600

1.2.2 REBHASREMETE RIESd

BSOS RIE 9 R X VT g S B V) R XA K B AR R
A 25 IR 55 (8 Fi K U508 5% M (L v Ak 7K BT (L D
/U A58 2 T AR I 2 L /b BRI g 2k T
(BRI /D e U I AR (B HE AN (B 5 S8 FR 2R AT T AR

(1) 98/ b 45 2% T AR B0 (. 3 T AN ] 4
Hu A 75 X R A 4 A OIS

(L—M)
T Xp

AV, Shsb R R AR AR M O/ (km' « @)
L i AE e AR A R Ceg/ (m® » )5 MR P S

V,= X B X1 000 000 (3

K lkg/(m” = a)J; B Ry B [ AR 2 4F 4F ¥ il 28 (IR
it B AT H AR 7 A% T A3 2,38 J6/mf)
T R HEZIEE (m) s p I HHEAH (kg/m®) .,

(2) KRR E . BT AR £ b A H J7 K
U510 7 2t R R 3 5K 43 TR 57 D) RE B AN M Hi 5K
(DI . BT K 7E T 3 0 H M A5 A
A 5 A4 B 3 VT 38 5 e g V) AR X 4 HE K 43 5 1Y 2
Tihe 55 B 58 XU 4 300 7K Ty e AH 280 4 L i F 2
T RE I DA i ) 55 5 /K o2 DR M 30022 25 AR (D) o
PR 7K 431 35 D) BE MM

(Q—R)
Ve=T5vD
APV, b+ K SN E OL/(km® » a)J;
Q MRMMFENE (mm); R BWHE (mm); S N
ANXTE R (m®) 5 D Ay Ui Hb 300 25 3 A (5,71
J6/m*)

(3) B ALK M (B . B F AR b A H 5 i

JK IR 7 B R 4 A ) TR

(Q—R)
ViTTsXE
XV, LK EME O/ (km? » 2)); Q AR
PEFEM 2 (mm); R BRI (mm); S /) IX &
(m"); E ALK 446 (1.0 J6/m*) B,

(4) Y/ M B J 468 2% TR (B B A (B JE T
AT+ o A 7 2R 2 R A L (OMD , 4 N,
4 P RIA K & i 5 i I PL 2 BAS 325 42 IR T 3
B AR R TR A R AT T AR DU AR
BHUR. 4 N, 4 P A4 K B, %A= 06) 53
(T

V,=(L—M)XC, XD, XPX0.001

(i 5 OM,N,P,K) (6)
KXV, R e IR 8 T R R D) A (B
Oo/(km” < 2)J; L N W 7E & R 2 Ml B %K
Ckg/(m® « 2)J; M ARMBIE (kg/(m® + a)J; C,
REHER AR, 2 N, 4 P 4 K& E(@/ke;
D, NAEMLE .4 N, 4 P, 4 K P18 PLIE Ak AL fY
Fe A5 23 0 kg 9.13 % ,46 %, 18 % #1 50 % 5 P, N+ 455
Sy eI A B AR AL A HLAE 2 0 s R
513 J6/t,N, P, K 21k A 1 55 & Hr 4% 433l A 1 600,
500,1 250 JG /7,

(5) Wl VD U R B B2 (B . kT BT Db
B I V0 i B AR K B T LA 24 Y0 U B L
B ARATE D RV IR R AKX (DR
(R

V,=(L—M) X0.24X1 000/ p XD (7)

/1 000X1 000 000 D

/1 000X1 000 000 (5



5 43

T A« VY T 22 G VA W IR b R A 2 R S5 A (X o M AR P 7 = A e o 319

Kb Ve A JE IR R M Ot/ (km® + 2)3; L
T R AR AL (kg/ (m” « 2))5 M MR %L
Ckg/(m® « a)J); p N IR (g/cm®) s D Mt ol
JEZSHEE A (5.71 J6/m*)
1.3 HB\RESHH

H Excel 2007 B AF#E 47 B4l s AT 18 . Eods
TEAL BEAT S R 47 IE2S 50 A K 56 #F 0 IBM SPSS 19.0
#47 Duncan 2 & 3 ,one-way ANOVA FllPearson
AT . A B s 45 R LV BE £ he R KR .

2 #R55Pr

21 ARTAMAAXKBEERESRSNEGE
AN 5] 3t A T O 3OK IR0 97 A5 R TR LR 2.
H1 e 2 AT UL, A [R] o 3t A O 2K TR 7 i B /N A2

Z AN L X I LI A (1 S 252 S A ()RR R ) 8 R
2005—2020 4FFE TR i R AE 0 S 2019 4, HoA= ik
PERE M A 465.00 mm, AEFER &4 513.20 mm; fE
/N AR Y S 2009 4F L AR FEFT 54 286.00 mm,
& T 8 % A 5 AR AR Sl 2013 4E L, 1500 17.81 mm/h,
I 5 20.10 mm/h, Iavg 5 8.61 mm/h; & [ 5% &
AR 4E 4 4 2008 4E, I, 4 0.14 mm/h, I, K
0.19 mm/h,I sv¢ i 0.03 mm/h, 2005 4-F& W [ i B
(16 186 min),2016 4FR& M JI B e (1 409 min)
A PR 2 — Ty T [ AF %) A T o A TR S G L o T B
JE N R R T B RS K TR SR A B R 5 —
TET - i 5 OR300 4 I 1 38 3, A 4 b b 0 MR R 2R
S R T 7 AR AR I K R B AE 2% L R R T A
B KRR IR R,

x2 RFEARIBARIMAAFTXKFERFE

Table 2 Water conservation by different land use patterns at Anjiagou watershed

KIEMFE R/ (mmem " a )

h AN TH /N M b i i FA H EES P23 i

2005 0.5641.22 4.98+1.21 0.35£0.00 0.3340.01 0.71£0.00 0.87£0.40
2007 1.2440.93 3.87+£0.92 0.80£0.01 0.7140.02 1.70£0.01 1.0940.14
2008 1.50+0.91 3.70£0.88 0.87+0.01 0.85+0.03 1.7240.02 1.2140.31
2009 2.044-0.36 1.49+0.36 1.21£0.00 0.854-0.01 2.43+0.01 1.35+0.26
2011 2.12+0.53 2.12+0.53 1.36+£0.00 1.2240.00 2.71£0.00 1.6040.12
2012 2.16£0.85 3.46+£0.85 1.884-0.00 1.27+0.00 3.58+0.00 1.6640.47
2013 3.12+£0.72 3.13+£0.73 1.9840.08 1.78+0.01 3.96+0.02 1.764-0.54
2014 3.44+0.50 1.7440.36 2.14£0.05 1.98+0.07 4.20£0.02 1.9840.21
2015 3.67£0.37 1.0240.28 2.192£0.05 2.12£0.10 4.3040.02 1.9940.90
2016 3.79+£0.15 0.5640.15 2.25+0.02 2.13£0.02 4.46+0.01 2.20£0.99
2017 3.9040.89 3.664-0.89 2.40£0.00 2.1540.00 4.79£0.02 2.79£0.41
2018 4.15£0.92 3.732£0.90 2.512£0.05 2.23£0.02 5.19£0.03 2.88£0.75
2019 4.57£1.15 4.43+1.12 2.66+0.00 2.35+£0.04 5.28+0.01 3.17+0.74
2020 5.0041.05 4.09+1.02 2.87+0.04 2.5740.04 5.73+0.01 3.24+0.80
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Table 3 Ecological service value of water conservation by different land use patterns at Anjiagou watershed

KE TSRS ME/ (TG« km 2 = a )

S (A

R AT 5 N3z W i S A3 17
2005 3.24+0.81" 2.4+0.89¢ 2.0+0.00° 1.840.00¢ 4.740.82° 2.7040.82¢
2007 7.14+0.62" 8.540.61" 2.840.01% 2.7+0.01° 5.4+0.27¢ 3.00£0.65¢
2008 8.640.61" 7.240.61¢ 4.54£0.01° 2.140.01° 9.4+0.21° 4.90£0.52¢
2009 11.640.58" 8.540.32¢ 4.94-0.02¢ 4,840.02¢ 13.84+0.17¢ 5.9040.35¢
2011 12.140.15° 2.140.12¢ 6.940.02° 6.920.00° 15.8+£0.27¢ 6.3040.33¢
2012 17.840.23" 9.740.18¢ 7.840.01¢ 11.340.00¢ 19.6+0.22¢ 6.90+0.65¢
2013 17.84+0.17" 7.940.22¢ 10.740.00° 11.1£0.01°¢ 20.440.25" 11.1040.44°¢
2014 20.6+0.12" 9.940.11¢ 12.240.00¢ 11.84+0.02¢ 23.740.22° 13.1040.34¢
2015 20.9+0.15° 5.8+0.15¢ 12.540.00¢ 12.540.01¢ 24.040.15° 16.9040.2¢
2016 21.240.36" 3.1£0.15° 12.94+0.00¢ 12.840.00¢ 24.84£0.27" 17.704+0.29°
2017 21.440.43" 4.1£0.55¢ 13.24+0.01¢ 12.140.02¢ 24.94£0.57" 18.604+0.61°
2018 21.9+0.52° 5.4+0.51° 13.5£0.02¢ 12.340.00¢ 25.54-0.33" 19.10+£0.22¢
2019 26.1+0.78" 10.340.55" 15.240.00¢ 13.440.01¢ 29.640.15° 20.6040.51°
2020 28.5+0.21° 6.2+0.44" 16.4+0.00¢ 13.6+0.02¢ 37.340.27° 21.6040.65¢
EHRIE 52.6% — 48.0% 43.7% 46.2% 46.7%

S {H 17.00+1.98"™ 8.90+0.0.74¢ 9.60+1.27 9.20+1.21° 19.90+2.47* 12.00+1.8®

T [ — 47 A R /NG 12 78 A [a] o T 5 5K IR0 5% 2E 25 IR 55 0 (8 18] 25 % 12 35 (p<<0.05)
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Table 4 Ecological service value of purified water quality by different land use patterns at Anjiagou watershed

b ALK M E/(JIJC « km ™2« a™ )
N T H b NG Hh Vb I s s goyi} 18 5 b

2005 0.2040.14¢ 0.2040.14¢ 0.4040.00" 0.3040.00° 0.7040.00° 0.3040.16¢
2007 0.60+0.11° 0.90+0.11" 0.8040.04¢ 0.70=£0.00¢ 1.70£0.00" 0.40+0.13"
2008 0.80£0.11¢ 0.70£0.12¢ 0.90+0.03" 0.90£0.00" 2.8040.04" 0.50+0.14¢
2009 1.20£0.14¢ 0.5040.14¢ 2.0040.04" 1.20£0.00¢ 3.6040.04" 0.7040.14¢
2011 1.2040.12¢ 0.2040.14¢ 2.2040.04" 1.30+0.01° 4,0040.02° 0.7040.12¢
2012 2.1040.14" 0.5040.14¢ 2.4040.00" 1.70£0.02¢ 4.2040.00° 0.8040.14¢
2013 3.10+0.14" 1.104+0.14¢ 2.4040.00° 1.8040.04¢ 4.3040.00* 2.3040.15¢
2014 3.3040.13" 1.00£0.11¢ 2.4040.00° 2.10£0.01¢ 4,7040.00" 2.0040.04°
2015 3.50+0.04" 1.00£0.03¢ 2.4040.00° 2.20£0.00¢ 4.7040.00* 2.20+0.14
2016 3.5040.04" 0.6040.14" 2.2040.04¢ 2.4040.02¢ 4,7040.01° 2.5040.12¢
2017 3.7040.12" 0.7040.14" 2.3040.02¢ 2.6040.04¢ 4,704:0.00" 3.5040.16°
2018 3.8040.14" 1.20+£0.14f 2.2040.01¢ 2.7040.00¢ 4.7040.02° 3.5040.14¢
2019 4.604+0.13" 0.4040.14° 3.5040.04° 2.8040.00¢ 5.2040.03" 3.5040.14°
2020 5.2040.14" 1.30+0.11¢ 3.8040.02¢ 2.9040.00¢ 5.7040.01° 3.8040.15¢
AEHIE  166.7 % — 56.7% 57.7% 47.6 % 77.7%

V-3 {E 2.60+0.42" 0.7020.08° 2.1040.25" 1.70+£0.22" 3.904+0.37° 1.9040.35"

T« [ AT A ) /NG 85 s AN [ e 00 D = A K B A 285 R 25 0 L 1) 22 5 S8 25 (p<<0.05) .

23 AELFAARXNEBS TERKEAENEGE

AN TR) At 1) T 3k 2 1 e AU b T AR L 2 5
H 5 AT UL, 20052020 4, B /NAZ HiAb o HAth 1 H A
FH 7 20 5 A b T AR 40485 O L b ik 2> e {1
B 1 B A FLUR Ry i b M L B AR b R N . R S
i B8 0 T8 b R e 2D A 5 B R TR) A 1
(£ 6),H12 6 A WL, 2005—2020 4E K& /N2 Hb &b, Hifil

- Hl A 5 2 D b A G ) () S I K
RAFA, 2020 A, B VD BRI IR AN (Y 1 b s D - HER O
FIAN (B B 5+ 5 39.98 1T/ (km” « a) LARIIHE K R 535
A 6.87 % 7.20 % s N T B MM 2005 4F /) 15.99 J7 o6/
(km® « a) ¥4 hn#] 2020 49 28.55 J7 6/ (km® « a),
AR K AN 5,23 005 /N 22 b sk 2 - B4 R W] 42 fr
L B A PR 19 A5 Ak A BH I 525 il il 4 B 1 25 £k T 2 12
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T A VY T 22 R VA W IR b R A 2 R S5 A (X o M A 7 = A e o T 321

WK, 2005 4E Y 8,27 5 I/ (km? « a) 8 F)
2020 4EHY 18.42 J7 UG/ (km® « a), fE KK KK
8.13% ;#8734 a Ja MU /D + HE % ] 32 M A 6 2 B2
SEAE 20 17 T8/ (km® » a) , 3505 S AR R L, 4F #4448
KFHR K. N25.20% ., B =Z.2005—2020 4F AR [A] + H
I 7 2020 4 B R T 2 A0 A 1% 1 22 {8 7ol s b B

BN 34.53 JT 6/ (km?® « a) , HORZ VDl , by 34.41
Jio6/ (km® « a), Je K1Y & /N2 Hb, o 14,93 7ot/
(km® = a)  HEFNITT Sy - 0 4 = T A = N T 55 M > dt
EEETE > /NE L, Ho R o BB Y 1,22 £, 1
H D R b R S R ML /DN S M AR R B 5 b ] G 22
S E M (p=>0.05) A 22 55 W3 (p<<0.05).,

x5

ZF AR

R AR # i T AR

Table 5 Reducing minimum area of arable land at Anjiagou watershed

ok /U g AR B b T AR/ m®

i NS} IINFE Hh T THIAL M EaE PRI
2005 11.76 11.72 16.67 16.66 4.79 7.15
2007 11.77 12.00 16.74 16.46 4.74 6.96
2008 11.84 11.98 16.74 16.64 4.79 7.18
2009 11.84 11.98 16.76 16.65 4.77 7.19
2011 11.84 11.78 16.76 16.72 4.78 7.17
2012 11.88 11.79 16.77 16.66 4.79 7.19
2013 11.91 11.72 16.78 16.75 4.79 7.20
2014 11.93 11.90 16.78 16.77 4.80 7.20
2015 11.93 11.80 16.79 16.70 4.79 7.19
2016 11.95 11.71 16.79 16.71 4.79 7.19
2017 11.98 11.89 16.79 16.72 4.80 7.19
2018 11.99 11.87 16.80 16.80 4.80 7.20
2019 11.99 11.73 16.80 16.79 4.80 7.20
2020 12.00 11.95 16.80 16.78 4.80 7.20
Fo6 ZFHRAARIMFAFXNRD LERKEDEMNE Jiot/(km* « a)
Table 6 Indirect value of reduce cultivated land loss by different land use patterns at Anjiagou watershed
Ay N TEH /N H T Bl E A o ESg P83 H
2005 15.9941.11° 12.941.14°¢ 19.674+1.27* 19.184+1.55* 8.274+1.05¢ 3.5741.18¢
2007 18.0241.09" 12.6+1.21° 20.83+1.77° 20.60+1.65° 8.5441.03¢ 7.0241.15°¢
2008 20.18+1.47" 15.5+1.12¢ 25.85+1.82° 25.64+1.51° 9.38+£1.04° 10.06+1.18¢
2009 23.19+1.12% 14.5+1.11¢ 29.88+1.85" 29.64+1.46° 9.4041.15°¢ 17.09+1.11°¢
2011 23.19+1.14" 13.0+1.23¢ 33.89+1.88" 33.65+1.48" 10.4141.15¢ 17.1141.12¢
2012 25.28+1.23" 13.1+£1.14¢ 34.92+1.76° 35.74+1.52° 11.41+1.18° 17.11+£1.05°¢
2013 25.34+1.25" 15.9+1.11¢ 36.93+1.77° 39.77+1.67° 11.41£1.15¢ 17.1141.07¢
2014 26.39+1.41" 14.3+1.09¢ 39.95+1.79° 39.78+1.54° 11.4141.07¢ 17.114+1.10¢
2015 26.40+1.21" 14.1+1.05¢ 39.95+1.80° 39.79£1.52° 13.4141.06° 17.12+1.05°¢
2016 28.444+1.17" 14.9+1.04¢ 39.96+1.65" 39.87+1.34° 16.4141.14¢ 17.1341.12°
2017 28.524+1.13" 13.3+1.14¢ 39.96+1.76° 39.92+1.85" 14.41+1.11¢ 17.13£1.12°¢
2018 28.53+1.07" 15.2+1.16¢ 39.98+1.55" 39.94+1.56° 17.424+1.12° 17.13+£1.13¢
2019 28.5441.09" 15.94+1.21¢ 39.98+1.68" 39.96+1.32° 17.4241.08°¢ 17.1341.15¢
2020 28.55+1.11" 13.4+1.24° 39.98+1.68" 39.98+1.35" 18.4241.05¢ 17.13+1.15¢
EHIEE 5.23% — 6.87% 7.20% 8.13% 25.2%
¥ {E 24.76+1.11" 14.940.31°¢ 34,54+1.99° 34.41+2,05° 12.6941.95¢ 18.19+1.21°

T« [ — A7 AR NG T8 R AN [ s ) T =0l 2> A 5 K 2 25 1 55 B[] 22 57 J 35 (p<C0.05)

24 AELFAFREDTIER AWK EENE
HE
20052020 4FEAS[A] 4= A H Oy 5 - 50 ) % =
PIRFERRE AN GR D ARG R 7 3B B+
R Bk B (R Q) i AR AR R F L Ty, B

B MR K NE R/, 8GR 78R B A
= H A 5 2D A R g 5 Y TR BN (E (B D)
A1 AT DL, dsf AR ek 2+ B BT 8 ) B A I
KL F] 2020 4EKE] 0.05 J o6/ (km® « a), Hk b1
WL 3] 2020 4E R 0.04 7T/ (km® » a), /NZZE Mt /)
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9 0.01 ot/ (km® « a), FLHEF T Fy . 555 = V0
>R T > N TR >l > /N |, H RN [R] 1 b
FIH 7 K RIS AEAE B % 25 7 (p<<0.05) . MK 1
U 98 /0 11 NPK 4 2% 6] 4240 {8 Je K 19 Sy V0 i L )
2020 4E 3K F) 1.35 J o6/ (km® « a), Hik o 2%, 5|
2020 4E K 1.25 J7 o6/ (km? « a) . /NFE Hide /v, R 1,13
Tt/ (km® = a), 2005 4F A HEFIG T A - U0 ol = 4%
IS > N TR > /N2 > $E 5. 2020 4 1 HEF
JGEFT> Sy« U 00 > 258 = g b => N T 1l > 98 5 > /N
7 .2005 A N TR HE /)N 22 1l F0$E 55 b, V0 b A i
W e R FE LR (p=>0.05) , HARH LR B F
PE(p<C0.05),2020 4F, B3 /N 22 i LA A, oAb+ Ho ) FH
J5 2 4 38 NPK 1 2% ] 45 A0 (6 24 T 25 55 b 35 1k
(p>0.05),

®7 ZFAREARLBFAFRTERNEE
Table 7 Soil fertility in different land use patterns at

Anjiagou watershed mg/kg
FA 2% HHLF 2N £ P £ K
AT H 31.00 18.20 12.30 205.00
N % 12.00 8.20 13.10 213.00
W 32.00 19.80 15.00 216.00
2009 N 24.00 10.50 14.80 215.00
gy 42.00 20.10 12.30 216.00
P25 Hb 28.00 16.30 12.00 210.00
AT E 35.00 25.00 15.00 207.00
N % 13.00 10.00 14.00 214.00
W 40.00 25.00 15.00 215.00
2020 .
N 30.00 16.00 13.00 217.00
B 55.00 23.00 14.00 216.00
PR 38.00 19.00 13.00 213.00

*8 ZRAMEBARLHMFAFARXNBRIHNLERNARKE
Table 8 Soil fertility in different land use patterns at

Anjiagou watershed g
WAOTE WO HE WOEE W IR
A M 2% A BT 2N £ P £ K
EE Bk i Pk i PR
ANTHEH# 2907 17.07 11.53 192.23
NG 11.17 7.64 12.20 198.33
U 30.70 19.00 14.39 207.25
2005 .
RN 22.90 10.02 14.12 205.11
B2k 40.17 19.22 11.76 206.57
P27t b 26.87 15.64 11.51 201.50
ANTHH# 33.25 23.75 14.25 196.65
N # 12.29 9.45 13.23 202.23
U 38.39 23.99 14.40 206.35
2020 i
M 28.76 15.34 12.46 207.99
$f A 52.77 22.07 13.43 207.25
B 36.48 18.24 12.48 204.46

%43 6

T 0820 3 4k - 8 B 40 o) B 40 1L
2~ 1.30 OB HKE A B AN E 10.06 —
A <
« 1251 a 10.05 <
E B —[—_I_ B g
. I = o 0.04
IR — i IR
R 0.03 S
@ 10.02 @
s _ s
Y 0.01 Y
= | ! 0 =

DE M LE MW w

e (=3} (=BT e (=2 (=21

e 818 818 818 8!

ENGIES: P

TE A R/NG B3R 7R 2005 4F S [ R 5 2008020 - 857 43450 G 1]
FM 2 5 B3 (p<<0.05) . ARG FERR 2020 44 FF I
Vol 2 3 SR 43 450 R ) A M 2 3 (p<<0.05)

B 1 Z=ZAREAR LR AT
TERSRKEENE

Fig.1 Indirect value of reduce soil nutrients loss by different

land use patterns at Anjiagou watershed

25 AELTHFAAXBLRDVRBEAZENERE

FRE K T3 I 24 Y0 IR L H B K AT
B, IRERV L EREEEAEEN 1 m® K
FEM BN 5.71 6 45 O [ 4 b 4 Oy 3B 4R
WD TR LT M E (R 9. R 9 i, A+
i A 7 3 e v YR B AR A R S 0 (B B /D Hh 2
A, 20052020 4EH R BN FIRLEE s gs . Ho,
P8 it ek 2 U8 V0 i AR AR A IR S5 (B B K, B 2020 4R A
#) 5 e/ (km” » @), HR 2B 25, O 19.34 J7 T/
(km® « a), H AR A /NZZ M, 2 10.55 7 J6/(km® » a),
HARTR] AF A3 B i b b R #8522 o) £7 7F o 35 25
(p=<<0.05) , ¥ o= 5 W E M (p=>0.05) . FHIHIIE
B R e, N 5.30% . R AR A R B AR b,
L.54% . B Z 08D U U0 AR AR 25 IR 55 0 (67 24 48 1) HE
GG g« 0 0 = Jt 25 = Jih 4 = 8 57 b > N T B i ™
INFE L HoB R B ARG 1,92 A%, e ik A i R B S
VR b, | YA R A ] a0 VD A R A (G W
ZF(p=>0.05) , HARIHH 22 5 B EF M (p<<0.05) .,
26 AELTHFAAARKLIRBESKRSNEZD

EEL R

GEAFR 3 4. 6,8 9 LI 1 IR K R
A SRS MM E (R 10) . A 10 AT 0L, A T 50 M K
HRFFAE SRS FHME N 58.20 T/ (km” » a),
INFEHL 44.90 7 IC/(km® « a), Y B HL 69.98 J7 T/
(km? « a), Jl #A# 67.33 J7J0/Ckm® « a), £ 25
53.447376/ (km” « &) X A& Tic Hl 46.79 1 J6/ (km® « a),
20052020 4F 7K A P45 A5 25 IR 45 400 1L 4 349 1 it e =5 1)
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T A VY T 22 R VA W IR b R A 2 R 5 A (X o M A 7 = Ak e o T 323

JEN TR 99,82 00, LU I S 25 A8 Sic L 7359 4
8.5200 1 6.84 5, 34 MR AR AR A 2 b A AR L O 2,12 00,
1115 7N 22 3 1) 7K O 45 AR 25 I 55 1L I 45 BR 1) 722 4 T2
Y S A, AN it o T A 0 T 9 32 Y 2k T A A 1)
PR . B2 K B A S IR 55 2 4 (9 HE S

ML Ay« ¥ 0 > S P Ml > A T B b > e A > 5
>/NEE L, o e R 1,55 4%, o 4R i L
25 Hl TN ZZ M, S5 AR b RD O TR M, N T M R A
Hi DA S U0 o b I A Ml TE) G B 3 2 S (p =>0.05) .
RYIFAE £ B EM(p<<0.05),

®9 RRARBAR LM AARXRE LR RREZEMNE

Table 9 Indirect value of reducing sedimentation by different land use patterns at Anjiagou watershed

WAV BB A/ T € + km * - a D)

S /AY

R AT N W T I A
2005 12.22+1.23¢ 8.32+1.58° 14.58+1.52° 13.03£1.32"% 15.704+1.41° 11.06£1.32¢
2007 12.22+1.21° 10.30+E1.41° 16.51+1.42° 13.15+1.22" 15.73+1.52° 13.361.02"
2008 12.224+1.02¢ 8.34+1.41¢ 17.584+1.55° 13.3941.52¢ 15.704+1.13" 13.46"+1.02¢
2009 13.4540.95° 10.564+1.52¢ 17.4541.33¢ 13.01+1.11¢ 18.01+1.23" 13.58+£0.84°
2011 13.2940.58° 10.33+1.40¢ 17.4041.45" 15.93+1.52° 18.1441.31° 15.55+0.78"
2012 13.29+1.02¢ 8.33+1.42¢ 18.42+1.32° 15.03+1.21° 18.79+1.28° 15.6741.12°
2013 13.224+1.20° 7.2941.43¢ 18.4641.33" 15.72+1.12° 18.97+1.23° 15.3640.91°
2014 14.334+1.12° 9.19+1.23¢ 18.51+1.30° 18.6341.41° 18.90+1.31° 15.6341.32°
2015 14.4841.15° 8.26+1.25¢ 19.55+1.23" 18.75+1.13° 19.00+E1.12° 15.89+0.76"
2016 14.444+1.05° 10.19+1.28¢ 19.50+1.42° 18.8941.21° 19.01+1.15° 15.8941.32°
2017 14.5041.43" 10.2941.41° 19.23+1.21° 18.90+1.13° 19.01+1.13° 15.9141.12°
2018 14.50+1.31° 11.29+1.31° 19.51+1.28° 18.88+1.25° 19.08+1.18° 19.88+1.33°
2019 14.58+1.22° 9.38+1.36" 19.48+1.32° 19.89+1.38° 19.18+1.20° 19.90+1.22°
2020 15.914+1.15" 10.5541.38¢ 19.44+1.41° 19.01+1.43° 19.344+1.21" 19.85+1.32°
IR 2.01% — 2.22% 3.06% 1.54% 5.30%

1 1E 13.764+0.29¢ 9.47+0.32¢ 18.2540.39° 16.5840.71" 18.1840.37¢ 15.7840.70"

T« A — AT AR /NG T8 R [ ) D =08 A 6 10 98 B A 25 I 55 A0 1 =2 ) 22 53¢ . 35 (p <<0.05)

F10 ZEARBARLHAAFTXN KT REFESRSNE

Table 10 Ecological service value of soil and water conservation by different land use patterns at Anjiagou watershed

0 KEBRFFESREMME/ (JTIC « km 2 < a!)
N T 5 INFZ Vb THFA Ea gy & 3ic
2005 31.61 38.80 56.65 56.91 32.37 30.63
2007 37.94 47.59 59.94 57.65 34.17 33.78
2008 41.80 44.14 62.83 57.23 39.28 35.92
2009 49.44 47.48 64.23 58.35 47.71 37.27
2011 49.78 10.66 66.39 63.68 49.75 39.66
2012 58.47 46.59 68.54 68.07 53.80 40.48
2013 59.46 44.38 71.49 68.39 54.38 45.87
2014 64.62 48.33 73.06 71.51 58.71 47.84
2015 65.28 43.36 74.40 71.74 59.11 52.11
2016 67.58 42.22 74.56 71.86 59.92 53.22
2017 68.12 43.52 74.69 73.02 59.52 55.14
2018 68.73 46.40 75.19 73.32 60.30 59.61
2019 73.82 48.59 78.16 75.85 65.40 61.43
2020 78.16 46.60 79.62 74.99 73.76 62.08
AR I8 1 9.82% 2.70% 2.12% 8.52% 6.84%
FHE 58.20+3.75" 44.90+0.79° 69.98+1.87¢ 67.334+1.89< 53.4443.15® 46.79+3.25°

R — AT AN 8RN T Lt A T 30K PR AR IR S5 I (22 57 1 3 (p<<0.05) .

HE— DA S BT A (R 1D A ) Lt A 5 =X
7K e PR AR 2SR 55 0 (55 P T D0 I S IE AT SR S R

(AR VAN 2 355 BT o 55 IR 55 M (L 22 IE A SR G &R
H 5 N TR R 55 (6 8] 2k 204K 35 1E A5G A G &R
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Hh 0,932, 5 7 i b iR 55 0 1 1] 22 0 3 4H G L M G R
Bl 0.732 5 AR 4 db A 7 2K B AR R AE S IR 55
M (8 5 F 2§ 58 AL B K 30 min T3 (14, ) 52 AR
Ko HL/INZE iR S b 5 R B 2 K P R G &R

By —0.968 Fl —0.9765 A [ + i F) 77 2ok
PR RE A S RS S TS 8 K R RS R
SR R 5 B 3 IE M 6 36 R (p <C0.05,
»<<0.01), GH A H ¥ 2 A CR,

11 RFEARFZMAB LA AAXESKRESMERXSH
Table 11 Correlation analysis of ecological service value affecting different land use patterns at Anjiagou watershed

AN AT H T o Hh THIAL Hh INZZ 25 P4 37 Hh
[ TR JJ7 Bt/ min 0.361 0.258 0.423 0.407 0.600 0.130
[ 7 & / mm 0.932"" 0.732" 0.196 0.437 0.618 0.458
M/ (mm « h™") —0.240 —0.321 —0.236 —0.134 —0.724" —0.205
I /(mm -+ h™!) —0.555 —0.555 —0.141 —0.968" " —0.070 —0.976" "
W/ mm —0.359 —0.359 —0.089 —0.590 —0.662 —0.283
(B3 —0.752 —0.752" —0.028 —0.113 —0.903" " —0.341
TUE/ (g LD —0.279 —0.154 —0.047 —0.955"" —0.021 —0.922""
+IERLE/ (1 hm ?)  —0.138 —0.038 —0.122 —0.819" —0.203 —0.849" "
[ 0 S ) —0.239 —0.119 —0.877" " —0.907"" —0.165 —0.287
W5 Ak % 0.993" " 0.893" 0.552 0.281 0.517 0.801"
W% 75 %/ Y6 0.954"" 0.923" " 0.942"" 0.936" "
V-1 EE /m 0.754" 0.671° — — 0.875" 0.617"
PR/ () —0.642 —0.517 —0.159 —0.933" —0.690 —0.999" "

e x RN L3t ) J7 25 5 e R 3R TRD AR ok 25 AR DG (p<<0.01) » » RIR AN [R] - 1R T 5 =X 5 52 i) PR 3% ) 8 380 56 (p<<0.05) .

3 W

ABIEFE AT AN [) A bR 5 KR R 7R A S IR
55 A BR /N ZE 22 A1 359 Bt SO0 00 4 fr) 4iE 25 52 B[] AR
JE I 3G T a3, B 2020 4F, BAE oK R 6 5 AR S IR 55
MAEIEF] 19.9 776/ (km? « a) K T4 5k 8037 T ALK
VR IR % R 55 (B 126 T3 o8/ (km® « )V ) 84.1% , K
RN T HH 17.0 J790/(km? « a) & T 23K 8447 1]
FRK VR0 75 IR 55 {5 126 J5 76/ (km?® « a) i 86.5% .
AR IR /NZE i, o 6.20 J7 o6/ (km” » a) Ik F 428k
B TR K U5 TR 3R Al 55 AN (B 126 T3 J6/ (km” » a) Y
95.1 %0 . AF I HE IR 4 58 AR 50 %0 e A LG i T A Bk
KRR SR IR S5 M (A AF B B K R R 1,056,/ L ¥
BB VA AR XY AT TLAR Y K R TG R BE O e O R
RHE 7= A 0 M (AT SR AR T A BROK S Rk, 724 )
4 - Hln B2 5 R R T ) SR A R T A AR AR B KA
MOARE T MR, B 1997 4F Costanza 25 Xf 4 Bk
17 MAEBRGERS M ESETAE S 2RES RS
R PR LR 55 B /K IR IR SR IR 55 M (6. 29 1.12 X 10" & T,
F 2011 4E3KF 1.19 X 10" &0, 3 I8 15 67.8% .
AN TR] A R 5 2K A R A AR 2 IR 55 0 (8 B /N 22
ZAN N 20052020 4F 5 AR 22 3 0 i) A A Bl A A
PR 2R LR T R PR AR AR T, A B N, K
R 75 T /N2 AR TR B B b B R R,

KA AL F B AR, R ™ B K R W R
N L SN N I ) e o & A S | B K W = )
58.20J1 76/ (km® « a);/NZ Hb 44.90 J7 76/ (km®
ol 69.98 J7 UG/ (km?® « a), AN ML 67.33 JT G/
(km?® « a), #5280 53.44 J7 o6/ (km* » a) X 7
46.7977 76/ (km* = a), 43 Al BN E B 17%,13% ,
21%,20% 515 Y0 F1 14 Y0 , 156 B AR Hb 575 A bR b B 45 A 4%
BN AR 2SR 55 (B, L RO e S N T B A 5 45
R IRE Y AT A R A — B, R PO IR B A AR
W) 3 HOK R A 8 1 B T A M
r Al AL P S AR L T A b RN A b L AR
TR A B BT A AR R 58 A 1 09 0 ) 1
FH B 5, B AR K A 00 2% A OR R
FEFEAS b R AR S R g IR A5 (R
9 8.70 X107 J3 JG/a. B4 AL 1,64 X 10° Ji J6/
(km® « @)™, HAS[A] 50 1l 2 8 i) 22 555K, VR i3 b
EZRGEMS M EE R & 1910 J6/(km” « a), HK
SRR BT, 36,4870/ (km® « a)™0, H: v 98 B ) (Y
EBRRGW S WM N 12.74 56/ (km? « 2), PETH
by XA 7R b DXCEAAS TR TR % K IR A A S s 4 i
J& 340.05 M1303.34 5 6/ (km® « a), P4 b3 X M
J& 88.05 I/ (km?* « )™, AR . mIER
fal A H B KIE IR AES RS ME R 1 334 J16/
(km?® « a), 4k K BN AE 234 T30/ (km® « a) , i />

'a),
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T A VY T 22 R VA W IR b R A 2 R S A (X o M A 7 = A R o T
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- i 454 2 T ARG TR BB 15 T OG/ (km? . a) L
SRR SR 2 (R e AN 3 715 J7 I8/ (km?® + a) I
YRR FRIAHE A 85 J1 o/ (km?® « )™, 43 ] AW 5
f) 66.7.60,1.36,1 000 HI 4.7 fi5 . Fa AR Pk b T AR A 184
Tk 42 o8 A= 285 AR 55 A0 (8 A b Tt (8 [R] e 5 350 T B
AR AZ 2 7B s, Az 28 R 58 00 1 A 1 4 b b, B oA
FlF SR AT Reek &R NTTE i T A4 S IR 55 i
(B B 25 B) S e BRIk, 76 A I i A b R 45 0 ek
7 e N Y AR A A IR S5 U (A A R L R E
MBI R A SR Z B b, BB
A MR T AEAR KRR b i 2+ B A AR X+
I B B8 0 45 R ) [R] B 4 1 Al FH b Y K 4 R
FeA M55 14

4 giw

(1) 7E 2005—2020 4 ¥ 0] Yt 3ok Fr. 5 14 A% X K I
TR 7 A 25 MR 5 (BB /1N 22 b 22 A1 359 I SO0 00 4 ) 4iE 25
S TR [ AR B 0 1 o A ARG IR T 4 Bk 7 T AR K
T5 0 % MR 55 I 90 Y0 2245

(2) £ 2005—2020 4F- 38 0] i 3okl Fr B ¥ AR X 7K 4= f#
FrAE AR5 O (4 2 BURF S 8 i i A5 34 N T8 K +
T4 A RS P-4k 58.2 JT 6/ (km? « a) »/NEEHl
44.9 Jiot/(km® « ) VP 69.9 J7 0/ (km® « a) . i
Fiaith 67.3 Tt/ (km® « &) B854 53.4 J7oG/ (km” « a)
K ARFEH 46.8 750/ (km® + a) , HEFI T Ay« V0 Bl Hi
MR L > N T B R > BB > PR b > /N H

(3) 7K - P45 25 25 M 55 v {1 41 X 48 S e v 119
N LHROHE, Sy 9.82 %, HE R J2 B A5 R 8 5 b, 43 51
8.52 Y0 Fl 6.84 % . W4 g S AR 1 M AR A Hb . Oy 2.12 %,
117 7N 22 b 1 7K A O R A 25 M 55 0 6 I 4 BR 1) 22 4k B
TR =

(4) 7K L AR A AR 55 18 5T kB3¢ i 19 42 70
S Ml T A AR ML L 435k 21 %6 R0 2096, LR R N TLRE
Mo, 17 % AR /NE ML, Ry 136, B 2K b RN R 5
Mg L2 R 15 %6 R 14 9%, AT D, B T S8 B A
AR XA B K T 1) A O B AR R R R v bR R
b 5

[ & % x @& 1
SRR BT B TP R AR S R R
I 35 (B 7 K G52 i R SR 5 [T ). A= A &2 955 . 2020, 36
(9):151-157.
XIBHIR A7, R 0. MR 0L + HAE AT RER S
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