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A ESV RIFRIX B AES ARG RS E, IT; A,
N A FHZERD B BB, hm? 5 VC, WA k25t
FIHZE T i B A 1 AR AR S R G IR 55 M (L R 5L, oo/
hm®; ESV, b =25 R G50 f TR 55 SO e i, JG;
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Tab.1 Single ecosystems service value coefficients of land use categories in Xiangxi (76/hm*)
EBRGHE P2 i 55 JAT 55 SRR Ss ARG
—% -/ 'Y JRt KB Sk St Hik K3 +4¢ HIZSEIS 7] X
WiES iES A A ftan Nt P E7835 Nt TF MR RN SO
P 1155.23 543.64 27.18 910.59  489.27 135.91 366.95 1399.86  163.09 176.68 81.55
RH 7K H 1 848.36 122.32 -3 574.41 1508.59 774.68 231.05 3696.72 13.59  258.23 285.41 122.32
ha - 394.14  897.00  462.09 2949.23 8834.09 2623.04 6442.09 3601.59 271.82 3275.41 1 440.64
T FETR AL 421.32  964.95 502.86 3 193.86 9 554.40 2704.59 4770.41 3887.00 299.00 3533.63 1549.36
L £ 299.00  706.73 366.95 2310.45 6890.59 2025.04 4539.36 2799.73 217.45 2555.09 1 114.45
HEAR 258.23  584.41 299.00 1916.32 5748.95 1739.64 4552.95 2337.63 176.68 2 133.77 937.77
THE A 516.45  761.09 421.32 2677.41 7080.86 2337.63 5191.72 3261.82 244.64 2962.82 1304.73
Hijh HifA) 299.00  448.50 244.64 1549.36 4104.45 1359.09 3003.59 1 889.14 149.50 1726.04 761.09
B 135.91 190.27 108.73  693.14 1821.18 598.00 1331.91 842.64 67.95 761.09  339.77
i THEHD 285.41 339.77 1766.82 1291.14 2446.36 2446.36 16472.17 1 630.91 122.32  5354.81 3221.04
WA 407.73  339.77 1753.23 1291.14 2446.36 2446.36 16 458.58 1508.59  122.32 5341.22 3207.45
F ] R+ 13.59 40.77 27.18 149.50 135.91 421.32 285.41 176. 68 13.59 163.09 67.95
P Ys 4 Bt 0.00 0.00 0.00  27.18 0.00 135.91 40.77  27.18 0.00 27.18  13.59
KB [ U 543. 64 163.09 11361.99 978.54 2 881.27 6211.04 118 920.38  557.23 54.36 2786.13 2 147.36
IK LY 543.64  149.50 2840.50 312.59 964.95 1549.36 29 723.30 706.73 40.77 693.14  543.64
) IRAF P HE 13.59 13.59 0.00 380.55 951.36 0.00 27.18  543.64 0. 00 0.00 0.00
%ﬁ AR B A 13.59 13.59 0.00 380.55 951.36 0.00 27.18  543.64 0. 00 0.00 0.00
oAb A M 13.59 13.59 0.00 380.55 951.36 0.00 27.18  543.64 0.00 0.00 0.00
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Tab.2 Index system of ecosystem service
value change driving force
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X23 jﬂﬁﬁﬂﬁ;ékﬁ,ﬁA, de~ﬁﬁ0ﬁ$ﬂﬁ(/\,ﬁfﬁ

UNEETn

LR

P 5 AR

iR B

3 HEREN

3.1 MFEM X LR AR

1990—2018 4[] b iy — LS 1 P4 M 3t IX i1 3=
Z AR, 29 5 AT 70% 5 H i,
2905 SRR 20% (181 2) o iy - 3t F T 3l 25 PP A
23 3) A1, 1990—2010 4E € <0. 1% 3% —r
B MR I ANG R ; 2010—2018 4R € >0.2% , K7

(¢) 2000 4

(d) 2005 4

|t | e [ o

2-1 1990—2018 &AM Lt F A4y
Fig.2 -1 Land use classification in Xiangxi from 1990 to 2018
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Fig.2 -2 Land use classification in Xiangxi from 1990 to 2018
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Tab.3 Dynamic degree of land use in Xiangxi from 1990 to 2018 (%)
4 b ] I 2K 70 1990—1995 4F  1995—2000 4E  2000—2005 4F  2005—2010 4F  2010—2013 4F  2013—2018 4F  1990—2018 4F
i -0.18 0.21 -0.07 -0.04 -0.39 -0.18 -0.09
i 0.05 -0.06 0.01 -0.01 -0.05 -0.01 -0.01
i 0.19 -0.26 -0.01 -0.02 -0.13 -0.05 -0.04
7K 5k -2.29 2.00 0.82 -0.49 -1.65 0.66 -0.10
AL b 0.17 1.01 1.39 2.37 21.24 5.90 6.03
1R -6.11 16.48 -6.25 18.41 -3.36 0.45 1.92
A FH b 0.00 1.53 0.00 0.00 47.99 -1.91 4.91
gih LA B S 0.06 0.06 0.01 0.01 0.26 0.22 0.07

PRUETE 2010 45 L5 AR 5% 5l B b gt i FH L Tvp
PRI Z , LR HRGER ; (H AR U, 28 a ]
5T X A R I 25 G sh A8 BE AR AR BN, b A G
BRAR B AN o

1990—2018 AF 15 i M 2 b | A ) ] Hh 5 —
T A A SR AR AL, Bt bR b K
P — - A 2 A5 B 2 A m AR A, 1990 4F I 75 JH
(IREAL 2R 10.19% , 5] 2018 4F 35 %) 46.53% , [l
Hh AR B AR AL S IR A R A 0GB TR AL R R
R, 28 a [a] 15 A b 52 B 3G K 1 S |
1990 4E £ 7.757 x 10° hm® 3411122 2018 4E# 20. 775 x
10° hm? 3% & #3823 [ P A, 25240 A 76 T X EL
YRR s T AR o B bR | R RS
Wb 2K H BRAER R A K, 28 a [ Hh
T AR — L BRI B8 2010 48 LU A A A A
T, TTAE 2010—2013 4 A T b 5 — + i R
ShASRE R BB KA 47.99% , FL i BLH 52.03 hm® 4
T 126.95 hm®, bR B 0I5 AS & 314 IF % R
HH=, FE49. 61 hm’ BAKHEFI 25. 31 hm® [y 25
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3.2 HANMRAESESZBRESNMERTZEK
3.2.1  AX ZRIRSILRE 8] 24 B £ 75T

AWFELL S a hy—~Bf ] RUEE (2010—2013 4§
3 a) fE5 1990—2018 4F (1P M AR RS NR S5
M E (3R 4) ,28 a [H#IVE M AE S R GRS MBS A
BRI WD T 142,574 5 4250, IR 4 LR
FIZRADEE  BrH b st KA S R GRS
{EANKT R T s R R A S RS R
S AEAN BTG N0 AR X PE M A= 2 R GE IR S5 i
TR R B K, R E ) 83% LA b, M #k b Ik
Zo HTHVEIN 70% LA 35 R bRk, A 1o A % 9
A ORI AE 25 2R G0 R 55 (A DB AR, 32 T 3 i
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Tab.4 Changes of ecosystem service value in Xiangxi from 1990 to 2018

R ESV/ALTT 1990—2018 4 ESV 754k,

PR 1990 4 1995 4 2000 4 2005 4 2010 4 2013 4 2018 4E iR/ R %
it 30.098 9 33.2553 28.461 6 30.520 0 28.542 9 25.109 6 23.175 1 -6.923 8 -23.00
A 560.697 0 626.099 3 529.272 4 569.876 2 533.688 8 473.399 0 440.539 8 -120.157 2 -21.43
| 53.139 8 59.7357 50.002 0 53.788 3 50.336 5 44.524 5 41.3330 -11.806 8 -22.22
1 0.265 2 0.205 5 0.317 3 0.2347 0.4223 0.338 1 0.3220 0.056 8 21.42
RA 0.000 2 0.000 3 0.000 2 0.0003 0.000 2 0.002 0 0.001 6 0.001 4 700. 00
7K 23.849 1 23.679 2 22.102 6 24.8350 22.803 7 20.665 8 19.794 6 -4.054 5 -17.00
A 0.275 8 0.310 3 0.276 0 0.317 7 0.3330 0.4853 0.585 4 0.309 6 112.24
Bt 668.326 0 743.285 6 630.432 1 679.572 2 636.127 4 564.524 3 525.7515 —-142.574 5 -21.33

MBLEB R GRS e R (£ 5) ,1990—2018
AEIVE M HLIX 4 KA R IR 55 D REAN (ELR BN 945 iR
55 > SCFSS > PR IRSs > SO S5 o R AR5
AT IR A PRI K SO IR 55
R MM i AR AR, SRR R
— 0, S B DR PR | PREE P S
IR S B IS R A e D e T 52 BB
HBPARZ L, R B AN ek 3 B A

Hie 55 W ELDS A 3. T3ALT0; JRUBHAE ™ 52 bkl Fo ML 1
MK, 1990—1995 4 2000—2005 45 3 | Tt
s AR 2R %, S5t (Eib T 4. 29 ¢
JG; 1990—2018 AR/ BHIRHEL M55 I (HAEA RS A
AR5 SCRpARSS i R ORES AR OMEIS W 2
TR I 55400 L B SCA IR 55 i S 2 S5 LR 55 1 L A
IR, R AR T BRE LR R, TR A L
FOM HANEAE AL 5 FAREF] T T2

Rz5 19902018 FHAEAMBZESRERSENERE

Tab.5 Ecosystem service value of each kind of the service function in Xiangxi from 1990 to 2018

LRGN Yi6e ESV/{LIt 1990—2018 4E ESV i
—PR M 1990 4F 1995 4F 2000 4F 2005 4F 2010 4F 2013 4 2018 4F Raia- v /%
e 16. 80 18.68 15.86 17.05 15.95 14.10 13.07 -3.73 -22.21
BEeaRE  FoRA e 19.82 22.10 18.71 20.13 18.85 16.70 15.52 -4.29 -21.67
KGR LG 0.76 0.60 0.69 0.85 0.79 0.74 0.79 0.03 4.05
SXZSIiRe 66. 46 74.17 62.72 67.51 63.22 56.06 52.14 -14.31 —21.54
. S AT 179.91 200. 89 169.78 182.81 171.21 151.88 141.36 -38.54 -21.42
TS HHb IR EE 54.21 60.43 51.15 55.10 51.59 45.76 42.59 -11.62 —-21.43
TK ST 149.99 165.16 141.27 152.84  142.84 127.10 118.65 -31.34 ~20.90
+ 76.26 85.08 71.98 77.48 72.57 64.34 59.88 -16.38 —21.48
TR HEHEFE R 6.73 7.50 6.35 6.83 6.40 5.66 5.26 -1.46 -21.76
He W RETE 67.60 75.44 63.79 68. 68 64.34 57.04 53.07 -14.53 -21.49
ARG R 29.81 33.24 28.13 30.29 28.37 25.16 23.41 -6.39 —21.45
it 668.33  743.29  630.43  679.57  636.13  564.52  525.75 —142.57 -21.33

3.2.2 AXARRRGSMAE N 4 E £ F AT
MZS[R]_ERFE, 1990—2018 4RI P M AR S R 40

e 55 A (Ll P R 3K i i e P B (1 3) L SR A
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.

s 0
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EERGWS /Lot

! 0,1.2] ! 1224 |:| (24,3.6] ! (3.6,4.8] - (4.8,6.0)
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3-1 19902018 FiiAMESRERSNEZESH

Fig.3 -1 Distribution of the ecosystem service value in Xiangxi from 1990 to 2018
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Fig.3 -2 Distribution of the ecosystem service value in Xiangxi from 1990 to 2018
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Tab.6 Sensitivity coefficient of Xiangxi from 1990 to 2018

TR 1990 4F 1995 4F 2000 4F 2005 4F 2010 4F 2013 4F 2018 4F
#HiHb VC £50% 0.0450 0.044 7 0.045 1 0.044 9 0.044 9 0.044 5 0.044 1
Fsth VC £50% 0.839 0 0.8423 0.839 5 0.838 6 0.8390 0.838 6 0.8379
B VC £50% 0.079 5 0.080 4 0.079 3 0.079 2 0.079 1 0.078 9 0.078 6
T VC £50% 0.000 4 0.000 3 0.000 5 0.000 3 0.000 7 0.000 6 0.000 6
AFFHL VC +50% 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
K3k VC £50% 0.0357 0.0319 0.0351 0.036 5 0.0358 0.036 6 0.037 7
A VC £50% 0.000 4 0.000 4 0.000 4 0.000 5 0.000 5 0.000 9 0.001 1

3.4 HEAMESRERSNEZEBHEXSHT
3.4.1 &K= At

Moran” s T & B F AF 5% X 38 25 (6] 1) 55 o
PET2) R AreGIS10. 5 5 Geoda095i # {434 F
Jryzs [A] F ARG AE J Moran” s T HEUEL, et ank 7.

BT X 1990—2018 4 7 # Moran’ s T ¥ KT 0,
1990—2010 4E Moran’ s 1 3& A% £F — 3, 2013—
2018 4F Moran’ s T [, H AHCHE BEARXT I35, p 24
4 0.001 i ik R ISR R PR Ir s A TR 3,
BRI XA S R G S5 (B 25 AL TEAR DG

x7 HAMESREERSZNENEE Moran’s 1
Tab.7 Global Moran’s I of ecosystem service value in Xiangxi
it 1990 4= 1995 4= 2000 4= 2005 4 2010 4 2013 & 2018 4
Moran”’ s 1 0.428 1 0.428 3 0.428 1 0.428 7 0.428 0 0.426 1 0.423 2
Giitiat 21.649 6 22.009 8 21.818 9 22.160 5 22.167 17 21.591 4 20.700 9
p 0.001 0.001 0.001 0.001 0.001 0.001 0.001
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Fig.4 LISA cluster graph of ecosystem service value in Xiangxi from 1990 to 2018
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Tab.8 Ecosystem service value regression models

of each service in the study area

y = —4.361 X, +754. 142 0.609
I — y =- 12.148 X; + 0.006 X5 +
dﬁuﬂﬁ K 761.993 0.836
y =-6.133 X, +0.004 X5 + 0.984
0.025 X;5 —2.661 x 10*
y, = —0.200 Xg +70. 145 0.604
P s (e y, =-0.242 xj +42.088 0.610
y, =—2.926 X, +508.02 0.608
VWIS v, =- 8.171 X; + 0.004 X;5 + 0.837
513.340
RSN v = - 0.996 X, + 170.300 0.610
AL S s = - 0.197 X; +33.695 0.609
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The characteristics and driving factors of spatiotemporal changes in
the ecosystem service value in Xiangxi, Hunan, China

LI Jingzhi'*, WANG Miao', FENG Wenjing', LI Bin'
(1. School of Architecture, Changsha University of Science and Technology, Changsha 410076, China; 2. Key Laboratory of Dongling
Lake Aquatic Eco — Environmental Control and Restoration of Hunan Province, Changsha 410114, China)

Abstract; The evaluation of ecosystem service value (ESV) is an important basis for formulating policies regarding
ecological protection, ecological compensation, and the accounting for natural resource assets. An in — depth study
of the characteristics and driving factors of the spatiotemporal changes in the ESV in Xiangxi Tujia and Miao
Autonomous Prefecture, Hunan Province, China is greatly significant for ecological control and protection. This
study analyzed the changes in land use based on seven phases of 1990—2018 land use data of Xiangxi and
evaluated the ESV in Xiangxi using the equivalence factor method. Moreover, it analyzed the spatiotemporal
characteristics of the ESV by combining a spatial statistical model and further explored the driving factors of the
ESV. The results are as follows. The main land type in Xiangxi is forest land. In the past 28 years, the area of
forest land and grassland decreased due to occupation by construction land, the area of construction land, wetland,
and unused land increased, and the water area roughly remained unchanged. Overall, land use in Xiangxi had a
moderate or low degree of activity. The total ESV successively increased, decreased, increased, and decreased,
forming an M — shaped trend. Moreover, it declined overall. Spatially, the total ESV was higher in the southeast
than in the northwest. The spatial self correlation analysis indicated that the ESV in the study area showed positive
spatial aggregation, and the ecological spatial pattern in Xiangxi had not changed significantly over the past 28
years. The driving factors leading to the spatiotemporal differences in the ESV main included urbanization rate,
population density, the gross output by forestry, and area of forest land. This study will provide a theoretical
reference for the rational utilization of land resources and ecological protection in Xiangxi.

Keywords: ecosystem service value; spatiotemporal characteristics; spatial self correlation; driving factor; Xiangxi

Tujia and Miao Autonomous Prefecture
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