5537 B4 20 1] E &~ £ Eild Vol.37,No.20
2017 4F 10 A ACTA ECOLOGICA SINICA Oct.,2017

DOI: 10.5846/stxb201605170954

BEAR 22 RS SRBK , 58 K W MR B IR Al X BRAR A S R GE IR 55 DR I 32
6973- 6985.
Yin G L, Shao J A, Guo Y, Dang Y F.Effects of forest resource changes on ecosystem function; a case study of Xichuan County, the main source of water

for south-to-north water transfer in China.Acta Ecologica Sinica,2017,37(20) :6973-6985.

it FREUNTRESERRSENZ I
——u%mﬂﬁgbmﬁmmmgﬁm

7K U Hb 9 )1 B A ). AR 25 25 4, 2017,37(20) ¢

ﬁﬂ.# _,Ll l;_ar‘f»l,Z,* %]g &1,2’%7K11’§3
1 @:Fkufﬁmﬁ P ik B, EES 400047

2 e DX b e B R R R PO SRR E K 400047

3 EFEMRIEAR BB, dba 100714

WE MBS RGERASATS KRR, RS IIREA TR, DI K68 i QTR w07 26 Hhob )11 2o sk X, 4
2004 4E TM ,2009 4E TM 2014 4E GF1 S 8AF S 50% , 7 PIC  Arcgis10.0 ZE 54 3045 T | 40 B H: 2004—2014 4 By bR BE I8 25 1k,
FEFIFH InVEST B3 ARARAE 25 RGER S50 BE ORISR K T L L3 ) BEFRE T4, 45 1. D2004—2014 4FE B
B G LA M 32 TR TG T AR A A A I T R 02 0 VA R A bR i A b T 85 S22 B S R R
QR AR IR A Ak, AR S R GRS DR A AH N 82578 4k, 10 A E)EL SRk JR T 77 S D B /D 19% , ZRAMOK B v 1k T e 42
15 29% , LI FEDIBERG N 6% ; @R — B, HoA: 25 IR 55 DI REAE AR R AR R 22 18] 1) 25 55 e BN - 34K U5 SR T BE 78 4F T 1%
SRR FREHLRE S R WHR T, 25 B ERFRE 1 BRI ; @XT L 5 AR ERMCR AL B LR S IR 55 T RE , A MRt 4 Bl 55 D RE S5, FLak
S HEARR b RV A b 5 (510 AP [H] B MR AR A8 R GE /K IR A % R b R 398 R 45 AR 55 T8 19 e AR 55 AR A A 1) s (I R
BIEAHG, 2 LR R 23 B3 A48 5 @ BHAA8 R A: 8 R G0 IR S5 1 SC e T SH O B bR, 5 0 At R b ) 20 A 4 )55
L TR MR 45 T M AR B A A 1) A2 A LRI P ) ] R ﬁﬂ#bﬂ%&ﬂ&%ﬂj““ﬁ%l_ﬁkﬁ’ﬂ%bﬁ T G X X IR 45 Ty A AL 25 Xk
PRI . AT, TR SR BRAR G 5 T B IS R AR 8K |, 7% 700 g £ 5 AR BT BE AN A 77 07, DA It AR PR AR 28 R X S A b
R 1435 1 B

K W{ﬁ’ﬁﬂ?ﬂk IK IR 5 7K B s T IEPR S ; InVEST A

Effects of forest resource changes on ecosystem function: a case study of Xichuan
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Abstract: Because’ forest ecosystems and the services they provide cannot be replaced, the main purpose of forest
maintenance and management is to protect forests, as a basic resource for human survival and development. As a case
study , ‘the present study investigated Xichuan County, which is the main source of water for the middle route of the south-
to-niorth water diversion project, by quantitatively analyzing changes in forest resources from 2004 to 2014, using TM and
GF1 image data from 2004—2009 and 2014, respectively. On the basis of previous analyses, the InNVEST model was used to

quantitatively evaluate the ecosystem function of the forest (water conservation, water purification, and soil conservation).
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The results indicated that the area of forest increased rapidly, by 10.85% from 2004 to 2009 and by 7.44% from 2009 to
2014, which resulted in a forest area of 45.65% by 2014. From 2004 to 2014, the closed forest land of the county increased
as well, whereas the area of shrubland and Nursery woodland increased more slowly, and the area of sparse woodland and
non-wooded land both tended to increase and then decline in succession. As the forest resources changed, significant
changes were also observed in the corresponding ecosystem functions, including 10-year water purification, which increased
by 29% ; water conservation, which increased by 19% ; and soil conservation, which increased by 6%. Meanwhile, among
the individual forest types, the average water conservation function decreased annually, whereas the average water
purification capacity continuously improved, and the average soil holding capacity initially increased and subsequently
decreased. Forest was the main type of landscape cover in the region, as well as the main contributor to total ecosystem
function, followed by shrubland and sparse forest. During the study period, areas that contributed to theteounty's water
conservation, water purification, and soil conservation services were strongly and positively correlated with forest area, and
both improvement and expansion of forested areas enhanced the ecological services provided. In addition, the spatial
distribution of the forest’s ecosystem function was greater in the north than in the south. Analysis of the history and current
condition of forest ecosystem management in the study area indicated that the key managingforest ecosystem service lies in
maintaining an appropriate distribution of forestland and other land types, and the ecological function of the forests was
affected by both forest area and structure (e.g., crown density, soil thickness, soil, Toot depth), as well as by
meteorological factors. In order to improve forest quality and productivity, future forest management strategies need to
promote the expansion of pure forestland and transformation and implement changes that will improve the ability of the forest

ecosystem to adapt to climate change.

Key Words: forest resources; water conservation; water purification; soil conservation; InVEST model
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Table 1 Statistics and ratio of 1 forest cover changes

7R —

‘ 2004 2009 AR 2014 2009—2014
ES Area 754K/ hm?
Land type T A/ hm? T A/ hm? change/ T A/ hm? Area

% % ) %
Area Area hm Area change

AR

100989.56 35.84 110100.98 39.07 9111.42 120646.00 42.81 10545.02
Closed forest land
i bkt Sparse woodland 2313.66 0.82 2351.01 0.83 37.35 2335.00 0.83 -16.01
FEARMHL Shrub 4625.65 1.64 4631.32 1.64 5.67 4674.87 1.66 43.55
.

}
i I3t 180.00 0.06 201.00 0.07 21.00 201.21 0.07 0.21
Nursery garden
-

AU AR 2334.04 0.83 2462.06 0.87 128.02 801.08 0.28 -1660.98

Unwoodland

P L A 4 AR A oy Sl 5 T AR L 7]

http ; //www.ecologica.cn



6978 2 R

2
H

Eild 37 &

R*=0.932

I I
4.00 4.50 5.00 5.50 6.00

IR EAHME
Simulated value of Water retention/(X 108m?)
W
(=3
(=]
I

KB

Measured value of water/ (X 10%m?)

- 700.00 220.00
E =
& S

=} — [

2 G000 % 20000

=
£5 a3

® 2 = 180.00
FE 60000 |- %2
& ° H o

® 2 £ 16000 [-
w S el
B 550.00 9

E £ 14000 [-
=
7 E

500.00 | “ 12000 -

400.00 500.00 600.00 700.00 800.00 140.00 160.00 180.00 200.00 220.00 240.00
ARG L DR YETDH WA
Measured value of nitrogen output/t’ Measured value of soil loss/ (X 10%)

2 REIRKER

Fig.2 The results of model validation
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Table 2 The average amount of water retention service of the study site in 2004,2009 and 2014

R A bk Gk TEASH i [ AR BRI A
Year Closed forest land Sparse wood land Shrub Nursery Unwoodland
2004 347.47 238.70 295.59 178.29 126.03
2009 314.16 214.74 250.35 158.16 107.15
2014 239.89 162.24 183.04 119.10 76.25
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B4 BFEKX 2004,2009,2014 £ N 4
Fig.4 Nitrogen average output of the study site in 2004, 2009 and 2014

20042014 4F | FfiZ5 FRARAYY 5K, FRbR N b S e s/ a3, 3 A% H 14300 254.08t,207.47t
180.48t (A7 Wl /R ) |, 10 4F (0], WF 58 X ARMOK BT (L DI BB $E 55 T 29% ., ARHW T FRRE S 5K, i A AT
AT N R BRAE ), T A BT N s o2, i B RS KRl R RS D AR AR KRR
B kD T IR S Y i A Bk N i, 2004—2014 ARG XK B A D) B8 Y 14 1 5 AR AR B Bk R
PR —2, BREHIT IS PN B & R, WIS XK B AL T RE IO 3E IR AT 5 A LLJS S AR S Bl &, 32 Hh T 2009—
2014 AP AMRORIA UM 8 A i B 22 60 15 R AR A BB TR A% 18 R LL 0T/ DA TG S B0 — B 7K BT v Ak
IResa /N,

2004—2014 4F4% PR HY (BRA BURIEARHBAD ) B-F-347 N it A | 52 Bl /D i 3 SR I 4% RS AL 1Y
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IR RE I TEAR W T (3 3) o Wil S e [ A RE O AR 25 8L S AR SR BUR KA 3 ARER AL U, Tt
AR DL, AR R SR BRI | DR A5 BRI A /K B RE D A5G B4

TEBEAIIFEINIIIN 5 RARARIETY |3 2 AR (-1 N iyt /DN P 257 28 B0 by A bl < DB AP <
P M <A U AR < 3t 25 RIS TR ) e A 7 S5 R T3 BRIV Ay A b > T AR R > B B 3t > oA PR i AR
St i, SR BRARA S RGNS K B B0 P 2 A 84 0 i 3956k, ARORE )= 2 B2 MR I S5 A B 22 0, 7R
AR BEBA X U3 WA 23 BRmE B3R 0 e A A bk b b PR A R G 4 N T DR () SRS R
R WEA R AEE

3 AEAENHFAEBAMER N EHH/ (keg/hm?)

Table 3 The forest land types of nitrogen average output in different years

AEfy EEpES: ! Bk TEA [ AR BRI
Year Closed forest land Sparse wood land Shrub Nursery Unwoodland
2004 2.19 2.72 2.57 6.98 5.75
2009 1.59 2.53 2.52 6.58 5.47
2014 1.31 2.51 2.39 6.13 5.20

223 ARG

WF5E X AR R D R 2 W) 22 57 b 2, LR DR AR IR D RRER A, WG i & R0 rh SR, H IR R D g e
TR B0 TR0 (B 5) . 2004—2014 4F A 5T X PG 00 AL AR R D e A 4 R BE 47 . X 5 2R AR
B4 4 A R 5K 7 1) — 3, BB IR D) B Y s AR AR A e IR 2 0 S LA OGS AR
BRSO RE L P T RN . AR S R G AR R i, R R AR e, PR AN A
B IR VD i G far /0N, T ELA A B4 A VR VD B BE TR, 2004—2014 AL X 38k AR A 1T AR (T HE A A
HbTETRR) JC e T b X SR X A I R (T L ) /N, PHACFR AR AR AR A Tk X X
WA TR, SZHHEYLEh R TE S A PR At - 3 B T 2R ELA T s A YR Vb B G ey, DR AR i R
f) 10 4F[A], 25 S 30 ) - AR D AR i 2 Ik

20042009 2014 4F 305 4 (2l b (e v i) 730 R 65.58 U7 1.61.57 T3 1,54.32 J1 , B RS
KR (R 4) X —Z5 5370, 20042014 4F- ¥ Bl AR TR 09 AS W 386 T, iF 5 X 45 AR RS R e V0 K B it 7R 45
ZEHR R, 3 R AR AR R T RRAR X S e vb a1 o, R0 A AR ol et 22 S PR A fh a3 3 1
FRAR LT 12 b 200 2683.08 J7 £,2953.73 J7 1.2820.49 Ji t, 3% A& T 2009 4 [ 21 43 Fl AN Y
57,67 HFEMAE R R (ADTIR R, 75 K 1 A2 Dl 38 in , 8 1 3 B0 SR RS R VD A BR B TR R4
K E I 2009 AF T BEAE R DL (%) S 8 48 0 NN 15 2009—2014 4F () HIEORFFRE8/D 126.63 J7 1, TE%E
AT, B9 XA BRI A 1Y) - 33 (b e (TR AR Dl 5 ISRl ) 2208 ) o 22 e 1 PR ) A8 fb a3
] AR N 2616.95 T 1.2892.17 7 1.2765.54 J7 t, Mk FAIFFEIX AR 3R 0 i 148.89 J7 t, M4
ik 6% , X HIIRFE DR T IEOR IR IR S5 A BOR B . 2004—2014 AR BRI Y 14 7 34 1 9 O 4 i A
R IERE S S BTN RN R T AR R AR A AR MR R D A B R TR
X i} IR I T AR5 ,6 .7 A RETRAE T R (H TR K, 75 & EHOSAE R M 3g i, J5 0 ER 7%
M 42 5, 25 ARSI VD B B e B (ER B R A BB 57 BE R ARk 0 /DN, 3BV AR AR il i e 1R
THIH

TF 5% DX bRt B A5 T B R s e 8 T RIS A B APt A5 T R - R (R4 B Wt 5 T Mk
H2E AR, bR 22, A OMR I AR S T AR - SRR e I T AR (R 5) . BVHACRTE, 7E 5 K
FRARISHI 3 A& AR RS- 359 - DR R /NI 241 R ARl > FEACMCHE > BRI > 17 I L > R bk Ak
M, BRARTEE RE A2 AR WA 7K 1 5353 T 0 X 2 194 42 e BV SREAGIS PAT 55 A A0 ) 553 o 9 ) 2 198 1 P B E
EL ) PRI LIS AT R 1 A A ) D2 ok R %o = 398 A 4 ok 77 PR 3 o A MR R T - o R 4
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Fig.5 The soil conservation of the study site in 2004,2009 and 2014

R4 TREMHEMRLBTEEME TIBEREE/

Table 4 The soil erosion and soil conservation of different forest land types in different years

2004 4 +Hef=2 ik 2009 4 - He =i 2014 4F LHERIM 2004 4E L4 2009 4EHHE 2014 4FE L5
Soil erosion of 2004 Soil erosion of 2009 Soil erosion of 2014 fRg fR4 R4

3 - - : . .
Lo WAL USIRNL WERME BScRh TERL MO Sol Soil Soil
Potential ~ Realistic  Potential ~ Realistic  Potential ~ Realistic ~ conservation  conservation conservation
erosion erosion erosion erosion erosion erosion of 2004 of 2009 of 2014
EERS: !
2513.71 57.89 2778.02 54.25 2685.96 49.27 2455.34 2723.77 2636.12
Closed forest land
B 44.18 2.01 45.08 1.91 40.23 1.70 42.13 43.17 38.49
Sparse wood land
HEARSRH Shrub 87.93 2.86 90.97 2.50 83.89 2.30 85.05 88.47 81.57
e
AU L 36.75 2.71 39.15 2.80 9.94 0.95 34.04 36.35 8.99
Unwoodland
T4 b Nursery 0.51 0.11 0.51 0.11 0.47 0.10 0.39 0.41 0.37
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14, S LRI HTIE . A AR ROAR ZR TR RS R T AR M, S AR R AR A S S 2 | [ I AR 2R A R
AT i, T ARG AR Ty | A b S B T A A i LA N P E R AR SR Y g
S, BEF PR R WA 1) AR PO, AR R R R, A MM A T TR A R (SRR B BE A AL
X 3 AT b SR A v T AR L Y L — BN R

x5 AAENHFALBAMEARLERIFE/ (vhn?)

Table 5 The per unit area of soil conservation of different forest land types in different years

Gy oS B Ak A T ] b R BRI B
Year Closed forest land Sparse wood land Shrub Nursery Unwoodland
2004 226.27 176.48 176.56 165.91 35.34
2009 229.42 180.12 183.47 167.56 36.13
2014 204.59 161.07 167.90 122.20 33.01

3 iR

(1) BT T ST DX AR PR T FR B K AP, 2004—2009 4E 34111 10.85%15,2009<-2014 4F 34111 7.44% , 5
2014 AF PR 35 R M358 45.65% , FEMCHBGEURTE AR 3 b AT PR kb (G | JRE AR HBRTT v (] b -5 bR e 6 05 1)
A AATE AR SR — 50, T A PR ARl 52 i/ g 4

(2) \N=E )34 7R ,2004 2009 2014 AEAF5E XK IR FE | /K BTl A - S8 O Re D) RE 1Y 2 AL ma AR Y
MM SRy, X G RIS SR — 3, BNER BRI AR S IR 55 D T 1 M 3 75 AR

(3) N8 b B& 10 4E] WF5E X AR MROK IR0 S DIRE /D 19% , K B b I RE S =5 29% , IOk 4F
TIREHIIN 6% . £ AR RV HA MR 55 D REAE PR 22 5 RN N, B i AR 00 73 8 08 BT 1 B, /K B ek )
Refrsctdm , DI DR e Y S o, AR Y AR AR 55 DI REAN N 32 B ARMRAS B £ T 254 (AR | L2 )R
B R RIREEAE) (2, i 232 B HRE M2, i T RS SRR BV R, I A AR
AR 2 AN ] G b X AR 25 K RN D B P A AN RE B (s, (BB SR, B AR LAY 3 9K A 5T i 1) 42
15, FRRA R A S IR 55 1G4

(4) %2004 2009 2014 4F- 45 FRARIS T BN R FUKIEIA SR K B0A LR IR FE DI BE T DAL . A5 R
S ) T FRURI BT TG R AR S S5 B BE K/ IR TR, A MRS SR X ek = B 2R A |t 2 AR AR A S R G55 )
AE S 1Y FZE TR, IR TEEAMR A B AR

L] SR EUA R A B R X R A S R G MR S5 DR A TRl A B 1T S A Ak e A A R TR — T
JERZFFH ML P EIAES RAE LM 2 [ 5, 208 S EUE S R GRS g 25 0] 7
JEPET S ARG T AR S R G R S5 A S R 3R 3h 7 R AR B R AR L, MRl B IR AR (b 2 R BURM A S R
SR 55 D RBAS I AT AN S0 BRAU A H 25 S A B T AR ARG 8 A L T A DX 3 PN 5 — b Dbt A A
ey 5 | AR 55 THRE R A 2s 18] b RO AL, LAIE AT B F X6k A6 ok IR 45 2 A B Xl 0B A 7 R 3 R4S B, 5 e ol
T > BRI A S S B AR BT IR Y AT RS

GATIESE X AR A S RS E R DR AR 45 B AR 28 R G0 MR 55 1) G SR T 38U bRl 5 HL A
HIB) 53 A A% S, B i AACHE 5 H T FH b B b B B S - R A T Rkl L ST IX B R s (] 0 A ]
TNTERAR R 5 B A G ) AL 1L DX R MR b AR 2 5 B0 K A AR L TR, 6 A R g R3] v ] DA 3 — DX 3tk A 7 bR
iR FH A, 4 R 32 DOMRHB A IS P B85, AT 384 5 AR AR PR B BE g ol N B Hh 2= ] oA [ A5 B T LA T
fif HE AR R G G KA TS G 05 S, DB X PR K BT 9 8 2 Xl (G0 ) A7 OR3P, TRl m] LA 3 2845 5 AR
WEXT TG YL DT R R 1 AR A b DX BB IR BRARBEIE /D15 Yy 1) AK P T 3 A KA A g e DAL LG IR 30 AR X
JEH B RO IS SR B T Y sk o L A K AR I R 5 — B B, A DRIEREAS XS8R BT ik A, AT AE
VLT DX R PRI RO, 3% 80m i) 2y
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BEAh PG S5 R B, B BGRAR AR A 5k ORGP ks 1A K BT IR 55 AN 1 SR A5 I 55, (HR AR RRE TR
WD RSN K IRIA SRR 55 A AR AL . AEARR AR ] B AT IR BA ARR B AN 5E 1, AR b 23
Wi FRARAE S R GELEHA MR . AR ARARE S SO 5 2L FR Al ) BRAR TR 5K, e 78 Sy v AR AR i i A A2 7
( Qe s HMEE AR R BFE AR B SR B A 55 AR AR B, 2w ARARAR P L) | AT B e XS A A2 AL Y
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