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Quantitative relationship between cultivated land expansion and natural
vegetation degradation in the lower reaches of the Tarim River
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Abstract: In recent years, a large area of natural vegetation has been reclaimed as cultivated land because of the
development of water and soil resources in the lower reaches of the Tarim River, and the original balance of the ecological
system has been broken. However, the quantitative relationship between the cultivated land expansion and the natural
vegetation degradation has not been clear. Based on 14 times ecological water conveyance data, groundwater depth
changes after the ecological water conveyances data, remote sensing image data and social economic data, this paper ana-
lyzed the response characteristics of groundwater depth to ecological water conveyance and constructed a quantitative rela-
tion model between ecological water conveyance volume and groundwater depth. Then, the area proportion of cultivated
land expansion and natural vegetation degradation was proposed, and the profit and loss after natural vegetation converted
to cultivated land were calculated. The results showed that: (1) after 1 x 108 m? ecological water was occupied by culti-
vated land expansion, groundwater depth on both sides of the river decreased by an average of 1.01 m. P. euphratica

forest with a distance of 280 ~ 640 m from the river and an area of 50.40 km® began to decline gradually from normal
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growth, and P. euphratica forest with a distance of 1 760 ~ 1 800 m from the river and an area of 5.60 km’ began to die;
(2) the area ratio of cultivated land expansion and P. euphratica declining and decaying were 1:3.6 and 1:32.7, re-
spectively; (3) although the output value per unit area of cultivated land (136.91 x 10* yuan*km~2) was higher than
that of woodland and grassland (11.42 x 10* yuan+km~2), but the total output value of woodland and grassland (3.47 x
10® yuan) was higher than that of cultivated land (11.44 x 10® yuan) . Consumed equal volume of water, the output val-
ue of woodland and grassland (2.85 yuan* m~3) was higher than that of cultivated land (2.11 yuan* m~3). From the
viewpoint of sustainable development, the value of woodland and grassland was higher than that of cultivated land, and
the ecosystem service function was greater than the productive function. Therefore, the disorder expansion of cultivated
land should be strictly limited. This study provides a theoretical basis for the study area to limit the disorderly cultivated
land expansion.

Keywords: the lower reaches of Tarim River; cultivated land expansion; natural vegetation degradation; groundwa-

ter depth; ecological water conveyance

H 20 22 50 ALK, 85 BRI 4 2 60
ZAFI e J E A 5 R AR A S . 7E
PRIRIT R MU & B A, A SR AR T B3
AL, RPN gl K G R AR S S &5 i or
JEH 252 SRR AR SR ST, W dSAE 1949—2008
AEHFHLTE AR Y 5K 98.70 x 10* hm?, F-X LAFFAE 1. 67
x 10* hm? B3 § 7k 2, B AN T4 i AR
K, KA RIRAEGTT R AR AT TS RG A
AR, it = IR I (BAT s I R FE AT R
) 1) 9L A K B TR T R K, TR i
(RPEHET/KZE LR )321 km JA[3E B, R K K08
FETR B, R ERAB A R AR S ORI 38, 5990 T, v
Bk P ok, ES R GBI, EY S EZ
B4 RS AR 2 B T RS SR 13
SRS, < 1] 45 e I v fr (3 B A YT S S 101 25
BIEFHRIR A, N 2000 4E 5 F T4, A K861 1%
SE R PUF LA ML X520 14 AR HK , Fi 7K S
TN 46.41 x 108 w?®, /K A7 LA K BT TH 5 4 ~ 6
m AR TR, 2B RKODR B0 B S O v Ak R
P R [ 396 77 ) R, SR 22 T 17 4F10 15 5 1 18 1)
WKk 7100 S A B R © BGIG I R E H
R SRAFAEAS A B A K A JF & ) I L, s v
TETE T K IEINFEK , PR HE W AL 2
TR R 24 o, IR AR B K S
ORI AR I 5 OC R, THAH KRR &
AR RS 2 T M (B P 25 i, XS AT Sk 7K
PR LA S AR S IR AT Lk B A % A
e

M, IG5 XK B IR TT & A RS IR
Be i 5% m gE AT T OK S BE oY, B T B i
JR2-1] fH % BE RIS LA E M IR &2, B2 E

SRATTE, D FRAE U 5 2] ) 7K - BEEOT AR X A
SIBLNR  BEAL, oA T3 R i 9 R %
LB 2 BE5E MR K 4E 2 A i, N TR 9 A W
5K T B R R YN IR AT AS B 7K 0 b 2 1 56 IR AR,
R 1) R R OG5 3 R R
T ST G T — NN L5 RAR SN 50
HER A AZ AL, B9 E 1 A 2 B B R IR A TR 2%
T A 25 R SR AR 1 % 1018 T A O SR A IR
WRRBE/INTSEPR o B BURIAT IR I O A T 0, AR
SRR FARA . T WY Tk A
RGN , AR 2000—2013 4E85 BT
AR A K R K S A 3R K TR | 2010
R B AGBE U At  Z BEGORE, 23 T 3R K
SRS A A S A R S L, R T AR S R K S
R K HETR 3 22 ] py A OG ARR AR R T Pk
PR FEOSRM LR AL AE AR L A9 5% 48 HUAE, i
T T R NS B AR S A5 U E 4
R, I ] RIS S AEA TR R S R A A gl

1 W9 XL

B AT 90 5L 3 s v St A B A O EL
W, B RSB T) AR R O 1) 24T T 1 S ha H - YA A
By b 2 ) PR AS A8 b i 5L, BT R 24 0 2 191
ko (] 1), 2 E i TR X 22— K ACh
17.4 ~42.0 mm, 28K J1 {35 2 500 ~ 3 000 mm, >
10°C AR 4 100°C ~ 4 300°C , J& P [ KBt 1
TERAME, KA AR KR, TETAZ
HAM  BEARAG BN SRR AT ( Lycium ruthenicum ) (8%
24 M ( Halimodendron halodendron ) %, T AN #5 2E
( Phragmites australis ) 1 16 L& ( Karelinia caspica ) K

RHF(Glycyrrhiza inflate ) 55 AT A HEARFIRIA



228 T2 X AR AT

o 36

THYIE o

& Legend
( K3z Hydrologic station
O B%H Natural village Yiganbujima
)..ﬂ T Rivers

A 7KEE Lake Reservoir

~eease- WSHBRTE Monitoring section

¢ 10 20 40 60 g

FAEY Taitemalu Lake

B1 #IRRTEE

Fig.1  Sketch map of the study area

2 BRI Sk

2.1 HHEskiR

AT Bt R I 7K SCEC A48 2000—2013 4
B BT i A 28 K RS 7 W T S BT 150
~1 050 m YT NI 5 F W0 i b T 7K HETR
Bl , i h B B R AR B R St . B G
1GHE M IR N B Landsat — TM 52425085 , 43 #E %
30 m, BUARISFR] 2 2010 Y 8 H 4y, 33X — IF 491 2y 3t
FIKIA A KRS K UK, B AR S ARAEY)
AR R IE I B, IR R AT 2.3.4 =
BB, B Exdas 308X 18 BSEAR AT JLATAL IE
BCHE, FEAE B Arc info X 38 BGZAR #EAT B HL AT 32 A
B TR, aBb AL RET A LIRS,
FIF kappa H8807 1219 % i P45 AT RE TE AR 6
R IS5 FRE T N 88.9% , i P9 ok . 1638
JEPEG R R  a A 2 rp, AR 0 1 BRA T A - R ]
RFRG, ST B X ISRHE , X R
i LA SR B HEA TR 43, 03 R B bRt | B
b KR R AR 3 6 > — 2R - 3 R
M, FE 2 PR R TR T CRr s e AR %) 20 A
Cor s A P g B AR )2

2.2 WARFAZE
2.2.1 BawlramikE O T HERRREE A S RK T
FEXT HR B2 (5200, 2000 4F 5 H 5, 7638 BARW R
WA 2 30 km (A TATBE AT 152 7 10 /4 0 18 1 (
1) o FEREAN BT I I W] 36 2 B J7 10 4% 100 m 3%, 200
m [H]BEAR TR 7K I, AT W 4L 50 R, %
SNBTIANS, T 96 Bk T B 5 £ B8 PN A HE S JR ]
b BRI PG /K R TR B 2 60k, T B AT E
A8 T 5 W IH:, 70508  Fy JFy (Fs Fy  Fs, 2530
B 4390 4 150.,300,500,750 1 050 m, 3= 2 W Il 4
KSR (1 K B i T /K ShAs o Hb T /K A
SR S, W0 JE B Sy < g KO 5 ~ 10 d W8 —
U1K 15 ~ 30 d I — R, R L 14 4%
ZBOE PR 500 m A Bl N 325805 A A A A Bpk
THIWE, 555 2 30% 247,500 ~ 1 000 m 78 [l A ARG
SREARTEE N E, 1 km UAMUAE & A B, 5
T N S A 22
22.2 ABZRAMENALFEMN F % Costanza 55
NI e 2 BR R EEAT . R T s
T v [ A 25 2R 0 T R 22, U v i 2 124
LA Costanza 55 NI R 27, 456 % T 200
PSR RTI ARG R AL R, @y ThE
Bili o A= A5 R G AL IR RRUIR S5 M (B3R o A SC LA e
225 PRI g o ol e 1 2 AR A SR 55 (2
DRIF-22 g ST, 8% Bl 1106120 £ BF 5 8 L AT T 3
XA R GRS (B 7S AT 5 HE A < B B AT 33
ARASERERRZRBIERE (R D), M E
Bl A= 28 R G A AR 5 (B 25 o R 3R 7 v AR pORN
B ) A SR S5 I R BT TIBIE G R A4S
M4 M E R = B IE R x LSS MERED) , 15
WIS T T R XM ARSI E Y &R T % Gk
2) o WFRIX AR SRS i i LR A5
E; = ek, (1)
v, B, 5 Rl B AR 2SR 55 ThRE A SR (0T -
hm™2) s e, A5 FFL Qo AR AR S5 D REAR N T 4R
HH S O A A S IR 55 B ) 24 1 TR 15 B, R B0 T
FRAR H B2 it ) 26 7™ ik 55 D R i &2 B M (Ot -
hm™?)

V= i iAiEij (2)

i=1 j=1

X, v ok A SRS THREM (s A, SR S b
WA 5 By o) 28 RIS | RA SRS A, i hy
T ARSI S IR, j S L Hb A,

ESV = D) AVC, (3)



55 23]

Ly e (o ST 203 LRI SSP NN ER i SE

R ARWIR

229

U, ESV O AR5 M (E s A O e 28 3t R 2R TR

AT A (hm?) 5 VC, S5 & 2 A IR B A 25 ik

FEBOT - hm™ - a™h),
®1 BERATHEARESEEESREBERY
Table 1 Correction coefficient of ecosystems in the

area along the lower reaches of Tarim River

EBRG PN |l
Ecosystem Forest Grassland
& 1E 228 Correction coefficient 0.4622 0.3334
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Table 2 Equivalent weight factor of ESV in the area

along the lower reaches of the Tarim River
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2 2N?)(\)2:£e11205207t(2>0§:})fa12y§00 | 22655 FTHLT Alagan 146
3 2001 4E 4—11 A April 2001 to November 38223 H 453 Taitemahu Lake 321
4 2002 4E 6—11 A June 2002 to November 33129 A 453 Taitemahu Lake 321
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6 2004 4E 4—6 A April 2004 to June 10207 A 453 Taitemahu Lake 321
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Table 4 ESV equivalent weight and ESV of woodland and grassland

AR ME R (G- hm™2+a™")

PR Forest B Grassland

MR 552 00 Value coefficient of ecological service
Service type ARk L) ESV el % ESV Ll %
Forest Grassland / % 108 yuan Proportion / % 10% yuan Proportion
SMIHFT Gas regulation 3168.7 528.1 4.28 16.02 0.89 11.16
AR Climate regulation 2445.0 586.8 3.30 12.36 0.99 12.40
JKIEIHFE Water conservation 2894.8 528.1 3.91 14.64 0.89 11.16
iﬁ?ﬁi‘ti{’ig protection 1193.1 860.6 1.61 6.03 1.45 18.18
JEYI LB Waste disposal 3520.7 1271.4 4.75 17.80 2.15 26.86
HEW Z AR Biodiversity conservation 2953.5 704.1 3.99 14.94 1.19 14.88
Y4 Food production 97.8 195.6 0.13 0.49 0.33 4.13
JE A B Raw material 2347.2 39.1 3.17 11.87 0.07 0.83
PRIRSCAE Entertainment and culture 1154.0 19.6 1.56 5.84 0.03 0.41
A Total 19774.9 4733.5 26.70 100.00 7.99 100.00
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F1 464.24 km?, &1 3 038.56 km?, it = (3) 4515
FIAR B AR SRS B2 51 26.60 x 10° 1 7.99
x 10° 7T, &1 34.70 x 10° JC, B 11 AR A= 25 R 55t

{4 114.20 x 10*9C - km ™2,

I 3 (4) THAAS 203 BT I 2010 45 AR
I 1 BB MEFR B30 R 0.77 100,23 (181 5) , 3%
INF L UEBIIFSE X ESV X F VO &8k = #i: iy, i



232 T T Hb X AV AT o536 &
FEERAE. ko AR, 2010 4EHF5E X /NFE | T K AR 6 /Y A7
0.8 AL =B 40 A 4 982.6 351 kg hm~2F1 2 059 kg-
07 hm =2 SAERAEYI M5 43 3 A 2.21.1.83 JG-kg ™ 'l
: gg 6.93 JG-kg ™', PE LIRS BB AR R b 4 I R
304 B /N KRR AE =R 0.95 x 10° JT.0. 88
g_;”g; x 108 JCA 9.61 x 10° I, B = {H 11.44 x 10° JG, Ht

0 PR Y 136.91 x 1047T - km =2 (&1 6) .
MR 6, B H S A F i A7 1 B 20 N

HK Hb Forest I Grassland
4+ R H 25 Land use type

B5 £ERSMENERE

Fig.5 The sensitivity coefficients of ecosystem service values

2010 F WY X FBEARAE D) Jy /N A | K FIAR
1B RSG5 M /N 10.34% , Tk 9.07% , K 4k
80.59% . UK 2010 4FHF 53 XA | B b 4 EB - 572
Ak, MR B 5k T A7 Ak 2 TR A BB Y R L
T910C ZR K5 bR L 5l T AR AT 55 R B b T AR, Oy 835. 60
ki? , 4 AR FIAR S5 K T B AS BN L RN
FAAE B 18 FR 43 534 86.43.75.78 km?® il 673.39

1 4t/10° 75
Value/10° yuan

b 2 1 Pl i
Forest and grassland Cultivated land
A H J$ % Land use type

136.91 x 10*JC « km ™2 F1 114.20 x 10*JC « km ™2, #f Hb
AR ER AN EL R R B AR | B
A3 11,44 x 105G 1 34.70 x 103G, bk B Hb 5
TFHEHL AN, AR AF T DR 1 T8 0 S 450 R SR AT
BT AKAE B (400 mm) , 715545 B RIAR | 7L M 5
DK P9 2.11 J6-m~3F1 2.85 J6-m ™3, I #E
S AKOMR R b 2R B R TR, R, X
KFWRBEZ A S BT IX , EAR B RE S 7 5
it [R] PR A IR 5 X S A i A U (EE: , AR SS
PRIP RN S AT P2 R R AR R AR R A S 248
i ANIER =i 32

~ 1401

m
k
[
W

130 F
125
120
115
110
105
= 100

yuan * Km

A T BN A/(10°G « km™)

nit area value/(10

b 24 i
Forest and grassland Cultivated land

b A A 25 Y Land use type

Bo H.EMESTRSNERMM~E
Fig.6  ESV of woodland and grassland and the output value of cultivated land

4 ¥

TR T X T A 25 RGO S X I
AR RICHE T, TS - 2% - 4
A5 BP0 R AS  K Y T A B AR
TERE LA F ML X B2 GEN R TT %, Bk ok
T 7K RT3 7 B A PO , 6 75 50
(KB T BPAR AS BT B, R W K i, ekt
I DR B K T B A 5, s T YDAk R, R [E
BT B A, 78 A T 2N 5 3 i o e e A 7
LB R SE AR BRSO S . T
BN AR T LT 30 om FOBE S N, X LR
Bt — T TTBILIE T 53T — O 9 U YDk i %
JEXR N 625 , TR phy TR A AE PR 4 T RS
VD BEHE 7 1 ET B i, WA T A A 1k T M A VD
B FE R P AR X 4 5 N L 2 A T
BSL, HEES , SIS B VD A S P

BRI B, T (5 N T 15 4 BBl v 5 oy e i
S EELPR AR N TRDGE 8T (18 422 il R 2, 5 | e XU Bt A 3 v
(% 280 B AR K AR 8 AT S K R AR G 1 0
R T R A H PR Gt K BOR E 1 BEAE TR R, 40
2008 AR FE X AAE D% Fh T AL N 798. 71 km?, 2009
AR T A% AR o 50234 km?, BUETE 300 km?
HEPE T BT R AR S = T B EN L
H, A RFE KR R, R R (1 b TR AR S i %
Y

BrULZ A8 WF5E XI5 ik Fi o AR B kA7 e 1Y) —
AN, HESEAHAESRGRetKE, o
J6 WS XD AE Y A LS F A G 8, i AR AEAE
FEREE R, 1990 4 DA MR AE AP A IR 4 . AR AE
LU EE S B A Ve A B0 2 A R AR K IR M, A 1
Rl B AL PR LS F AR i s — B &
HRA SD B4 R S BE ) AR 205 vk, K 9 ik



55 23] FRZHATF 35 BRI MR k-5 KRR BGR AL 1 E B R R IR 233

T AR B A I R, SRR AL, A R
R 5 PO, MR 55 O 284 98 X — 30 Ak
AR AR K SE R AE Y I MR 5 R
SR R, AR 30 LSAE X i S 588 A e [ A 14 ) A -
T BT e, S 1 AR Y 1 €095 00
B A T2 X, JFH SR AR T IR A i 55 19 2
BRGHIFEN:, T H A S BE R v 2k & B A
FERE , Ak S 4 E BT R ARAEHE, X 5E X
TCIFHEFEAEA T A BRI A AE T
5 45 8

1) o 7K AN A 25 7K K e 22 (Rl AR B by
FIZRPEAR S, #F 3k 5 1 x 10° w® SRS, S
LI 7K A7 2 B4R 1.6.0.72.0.87.1.38 m
0.5 m, HI FIKACEBIREAR 1.01 m, B 25T IE 280
~ 640 m, ALK 50.40 km? 315 B N A 4% B OF 3 2E
AR Ry BT, A I8 1760 ~ 1 800 m, [ £
5.60 km? 15 [ PN A9 8 A 1R 28800 0 IKOAE R B A BT 5

2) BFHLY SRR T B K IRAE B B RGAE, i85
T B I R R SR A 32 T T D, B b 5 B
WA PRAL T2 RS A6 AN T R TR S T R Y e
B2 A3 - 1:3.64 1 1:32.73, 40 T 75 2 eIk
B RIRAEPA S 51 BURG BE (A S R fe e i
g SRS R

3) BFHS AR R B TR o 136.91
x 10*7G - km = 2F1 114.20 x 10°7G - km =2, Bk 5 FAK
it (E R b R S 00k 11,44 x 10° T
134,70 x 108 JG, AR B Hb =5 T HF M, [R]E, 8k s FD
M B K PEE AR R 2. 11 JGem ™31 2.85 TG -
m ™2 T AR R AKOPR B 2 AN A TR M
AT RFEE K R A, AR B A0 = Tk, A= 35
REMIRS DI RE R FAE = TR, Bk, XK
WEBOREZ T R X, S8 R REE K
PRI TSR, AT A S R G EE B oy
P N B A B , A A L SEA TR HBRGR .

& % X k-

(1] ARBA BRI, 28 DAL, 25 35 BT rp R Ji 20yl o Mt ol v
R KSERAR AR [ ] ] h32E4R , 2008, 63(11) : 1123-1130.

(2] IR - HHR IR R HL - TR . 855 BRI dok & N )
AR Al K A K SRR [T ] BB ST , 2010,29(12) :2251-2260.

(3] TR, RARAR , R T . A 240 K 5 5 BT T i T 7K /) 8l
AARE[T] . P ERSER#,2003,23(3) :327-331.

(4] BASCH, BEEMR . AR 0 R E A B )G F SR %
[J]. R Y, 2000,20(4) :369-372.

(5]  XBEALL .3 B T R 2dim K i K A= S sRBgma g [ J] . K B2
P ,2005,16(4) : 586-591.

(6] a0, 275 . 1 R R ik G H T 7k sh 281k
FRIRR A (1] B AR  ,2007,17(4) : 460-470.

(7] WRidk, EERE, T 0,45 3 R R i e (08 i A Sk

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

XU EACHE g )] . o E P58, 2007,27(1) : 52-58.
TR, 0 AR SGE R AR SRR R R S e R (M.
Ly RS RO R, 2012:45-63,91-115.
kR - R TR, 2 JEBRIT - MR B R RLE - IRA R, 55
BOE BRI A V0 1A i i R R R 43 A L) ]
Ui, 2011,31(6) : 1380-1387.
B L PRI AR, S5 B ORI T WA R FAR IR
FELI] . PP e, 2013,33(4) :1191-1197.
B, IR, E B AF R RO AR HEAR TR T Sl 3k i
BUREAHTLI] Al TR, 2015,31(24) : 77-81.
Eardk, gk T T R AR L X AR S S PR R
W LI K B ARFEBTSYE, 2002,9(1) :30-33.
R, Al A B R K BRI R A T B
HIREERO0]. vk A ,2004,26(6) :682-690.
A. M. Rusanov. Recovery of natural vegetation and ecological func-
tions of pasture ecosystems in arid steppes of the Cisural region[ J].
Russian Journal of Ecology, 2014,45(4):243-248.
Miao Lijuan, Jiang Chong, Xue Baolin, et al. Vegetation dynamics
and factor analysis in arid and semi — arid Inner Mongolia[ J]. Envi-
ronmental Earth Sciences, 2015,73(5):2343-2352.
E. N. Tagieva. Degradation of the vegetation cover as exemplified by
the arid foothill areas of the greater caucasus within Azerbaijan[ J].
Geography and Natural Resources, 2012,33(1):100-103.
TKEH L ARIEE B AL, SF . BT A T i ik At
REVEHE IR R T ()], P E YR, 2012, 32(3):
863-871.
Vincent Kakembo. Trends in vegetation degradation in relation to land
tenure, rainfall, and population changes in peddie district, eastern cape,
south africal J]. Environmental Management, 2001,28(1) :39-46.
Shi Xiaoli, Wang Wei. Modification of Costanza’s model of valuing e-
cosystem services and its application in China[ J]. Ecological Econo-
my, 2009,5(4):341-348.
BRYEE R G XGRS B RS TR (M ] bRt P E S
iR, 2011
IV EL B P B M AR S (ML U R E S
figkt:,2011.
WMBAR , ABERTL, 25 B2, 55 3 BRI i ] /i K T 3t T 7K
W 17 B 2 — L B HEL AT T e e o i i D 1 )] T 5 KA
2008,25(3) :331-335.
Robert Costanza, Ralph d” Arge, Rudolf de Groot, et al. The value
of the world” s ecosystem services and nature capital [ J].
1997,387:253-160.
e, B, GEE CESRERS VT IR R R EE
AT AR 4] ,2006,30(2) :191-199.
BE, B, W AR, SF T R R AR R A (Al
[J]. BARBT R4, 2003, 18(2) : 189-196.
B oo, R, ALY, &5 I RORI TR X A SRS
AGMA5 R A [)] . E B, 2013, 33(6) :1912-1920.
GLFE R, %, B EUORI R iR AR I AR K S
ORI ALT] AR, 2011,31(8) :2053-2059.
FE], S g - SRS )] TR X
H,2001,24(2) : 182-188.
WoERr, 2% F, sRIRIE B SR AR N AR TS A i S R R R
JELT] . B AR A Al 2241, 2002, 10(4) : 129-130.
kR F AN TR S U A Ml A S R G A M T
WHE (D] Abat: Rl R, 2004,

Nature,



