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Calculation of Minimum Water Demand of Vegetation in the Lower
Reaches of Tarim River Based on Potential Natural Vegetation
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[ Abstract] 1In order to solve the contradiction between ecological maintenance and agricultural production water demand, the mini-
mum water demand for ecological restoration in arid areas was determined. The lower reaches of the Tarim River were selected as the
typical study area. Suitable areas for vegetation growth were determined through the PNV ( potential natural vegetation) simulation
method, while the suitable growth ranges and distribution areas of trees, shrubs, and grasslands were analyzed. The minimum ecologi-
cal water demand for the lower reaches of the Tarim River was calculated by the multi-year evapotranspiration data from the AET data-
set. The results show as follows. The PNV results obtaine in the lower reaches of the Tarim River are dominated by shrubs, forests and
grasslands are highly dependent on water resources, mainly distributed around river channels. The forest and grassland in the study
area show high growth potential , while the shrub distribution areas far from the river show a degradation trend. According to PNV simu-

lation results, the ecological water demand in the lower reaches of Tarim River is about 11 279. 23 x 10* m’

, of which shrubs account
for the largest proportion, while woodland and grassland account for 7. 4% and 5.36% respectively due to their small areas. The re-
search results provide a new method for ecological restoration and determination of water transport capacity in arid areas, which can
clarify the scope of ecological restoration and vegetation types in the basin, and contribute to the management and optimal allocation of
regional water resources.

[ Keywords] ecological water demand; arid area watershed; PNV ( potential natural vegetation) ; evapotranspiration
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Fig. 1 Location and land use type of the downstream of the

Tarim River in 2020
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Table 1 Environmental factor variables

' B ' ik

biol AEYIR/C biol7 T FEFFEKE/mm
bio2 BRI 2 A ¥ biol8  HBEFEFE/K L/ mm
bio3 SR % biol9 s 2K R/ mm
biod  IREFWAMIMEE/ % || clay  FBiAE/(gkg!)
bio5 A ol <C sand  APRLE R/ (g-kg™')
bio6 e ? A BARIREE/C silt: BYRIS /(g kg™")
bio7 FEHRAS TG Fl/C sk PR JEREES /m
bio8 IR C hd BRI B /m
bio9 T HEHR/C DEM B R/ m
biol0 IEZEYR/C GWO04 353 4 H HU T 7KL/ m
biol 1 FA Z i C GW05 33 5 A #b N7k /m
biol2 AEYRE K/ mm GW06 353 6 A # F K7/ m
biol3 i@ A B /K /mm GWO07 53 7 H LT /KAi/m
biol4 BT H Bk E/mm GWO08 9 8 A #F/Kf7/m
biol5 [ K A 5 R E % GW09 3 9 H Hi F/Kfi/m
biol6 T2 K/ mm GWD

1.2.2 NDVI % & R
2005—2015 4F NDVI( normalized difference veg-
etation index ) ZCHEAIR T Hi v [ [ ZBF# BRI A
Bt A 38 R G R O AR A (hitp </ www.
nesdc. org. cn) , BXHE 43 HEE N 30 m, 2020 4= NDVI
Bt il 1 AR B 2 8 1T Sentinel 2A & BG4
AT AR IR . S AG R UE T (https://scihub. co-
pernicus. eu/) KXY it K J&y & A B9 2020 4F 7 H 10
H—8 H 20 H Y Sentinel 2A & ESAR , 1% = 1 A
/NT 5 % o FHOCHTSE R BEW R e 7.8 Ay
ARSI | MBI 5 XA S BB AR R S
BRI DU WLHER . 5288 30 m 23 (] 73
e XHTAEWE B AR IR o Hh 3Rk . 0 — b
RO E AR
NIR - R
NIR + R (D
(1) 1 NIR ST £LAMp Bt S S, TR R
CLGIB B SR, To i 4
NDVI {ELFI 2275 Wi BE i 2 190 {1 o 5 4 TR A%
G538 T5 15 3 R b B8R A A | AP B R
HRORE 7 T R R B 4 SRR (K 2) T
*2 NDVIESHEHBEZKFEHIRE
Table 2 Table of NDVI value and vegetation coverage level
NDVI

NDVI =

NDVI, _, NDVI, _,ss R % HEEEKE
>0.50 >191 >60 e HEL 0 P
0.23~0.49 156 ~190 30 ~60 rhbE e
0.09~0.22 139 ~155 15 ~30 BB o
<0.08 <138 <15 R b B A

1.2.3 Z3A A5 EEE
SR B >k A H E R B A AR AR B

2025 25(18)
5T T (https ://data. casearth. en/) , B 73 PR Ky
30 m,

1.2.4 HEHBRHLE

A PR A ¥ NDVI L iR FH 43 2 20 7Y
25 [ A AR R 4 58— WGS_1984 , I LA Albers Jy 4%
SRR 2 AR W) U A\ DEM LUK+ U 48—
FEIRWT ST X AT, O a8 — Wi s 179 2, 5%
BIF A ASCIL M X, 23 (] 20 BE R 55— 30 m;
R ESE T ArcGIS 10. 7 SEHL,
1.3 MRFZE
1.3.1  #4e B RAAMALM

AN YRR A AL T — A B A AT A 55
JE 77 SR BT 25 A BR i 0 2 A2 I, LI 5 I IR 2
B A AT g S BB A 122 3 TR W) R o A 1 LR
BIPRI I AE SR o A0 B A ORISR 3 ik
TR R (MaxEnt F28)) JEA7 R R i pk 9 | 5
FITEAE B R 4375 ( potential natural vegetation, PNV )
Ko oW 76 )3 — Ak A 8 45 20 ( potential normalized
difference vegetation index, PNDVI) R, EAG, Ea
ArcMap B4 2R 5% K7 508 4T Pearson A 56 43
By, Ik AR C 2% rl >0.8 WA Tik—24
Gk > DA B G PRI AR da 2 ) A7 7 1Y) 22 F LRk
XS R NS . W) i 2 )5 il i MaxEnt
BT AR 1 1 DT R, IR ST T 1% 1Y
WA AR, gik iRkl fEZ)E, Wi
2 1 ok B ERIEE A T804 HI T PNV Fll PNDVI 73
ATERTN e, Pk R A s (NDVI 23
A B RN 2 5 ) SBR[ 2 A MaxEnt 3. 4. 1
dr I g T Y18 (Jackknife text) XA W) S AR AR 2
BEATPRAG ) R I 10 4% 38 B8 E 43 ) B I
£ ORI R R IR B SR BEAIL 3 1 10 A ER 3, A
ARRNLFASE AT H T 9 MERIIZE  H
AT AMERIRSE 558 FU o 6 M 38 o ROC iy
28 T (area under curve , AUC) B/ AT | 24
AUC >0. 7 i 0G5 R 0] LU T — 4 0r5e >
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& AET(actual evapotranspiration ) (5 4 | 1% 54
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Fig. 2 Potential spatial distribution characteristics of forest,

shrub and grass in the downstream of the Tarim River

THE AT 5 RV L R e b R 5 YT A () o K 5 R
MO I A TERE R Y B AR AT = BT i A v
TE A BRI LAE AR Sy 32 WA b 368 7 1 7K T
Az KRG B AR R B 5

3 WoR T SEBRAITETEAR R A AR A
G3H. BETT I PNV BN SRR W] bt EA
H AR AE A1 73 531 o AF S XU TR Y 2. 40% |
1.45% 39.57% F1 49. 06% ., 5 S Br Al 4% 35 (ac-
tual natural vegetation, ANV ) AH Fb , M Hb 1 & 3l 1) 7%
TR 5 T B R T ANV, 4 518 T 38039,
22. 878 km” ; i A 1 ¥ A B 25 1 R D T 166. 625
km? ; BRHB TR S0 HT U N T 105, 708 km®, Hilt
AT UL T AV E 43 A T AR A R T B, S BOBTE A
SR DY Y S AT i T FRURE AR /D | R TR i 2
Hahn o BIFFE XN KR AE 1 T AR S S B A0 A 25
AR SRR R A AR S K TR TS # R AN TR
FVEZS I A 5, W7 RN T IR AY B 2 I RE AR
AR VA AL BN T 5 DX PN Y] T 1Y) g K 43 H
A RENE LA 2 0 35 0] T 9 T o3 A i AR A
FHY R HAs ] 254t

x3 BRI TEERMEER GE ENMERMBES T
Table 3 Actual and potential distribution area and

percentage of forest, shrub and grass in the
downstream of the Tarim River

- ANV PNV
S T AL/ km? /% A/ km? /%
piSii) 0.798 0.049 38.837 2.40
B 0.692 0.043 23.570 1.45
HEA 808. 122 49.85 641.497 39.57
T 689.534 42.54 795.242 49.06

2.2 ESATTEME.E PNDVI Z A5 HRE

NDVI E S — b 9 6 %%, Ho 2 8] 4 Al % 5
MW TS —2, R, 76 0 /8 43 A X 3 R R 20
AR T 0. 46 B X84k HAE PNDVI 4340 5541
GEIRPY WA R TR 7 T KO R A A X IR
i, A1 A 3 i o WL T 5 KA R AL 3
WK 3 BRI R PNDVI BB A6 5 R AR A
TR R [ W X5 i w7214 =7 NS 1 M B 753 1 R =
o R R B 3 KRS PNDVI 2= 24504 T P
TATTE P9 S AT 2 B B A A DXl 5 AR B 7 55 KT
() PNDVI ZEE0] T Yl 38 PN S50 45 43 A5 5 4 58 oll J
ZBO 1% 7 25 7K -1 PNDVI 32 4345 T8 25 Ja) i
BT (A AR X 5K,

gk 4 PG THE RN BIFSE X N AR
PNDVI 75 [B] 43 47 % R 3¢ B A 36 & #h i o AR
PNDVI AY3AR 53 A AR U 280 T R g b I
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T4 EATHERGE EXRSEE NDVIH
2 Rl A ERAE S
< A Table 4 Area and percentage of actual and potential
NDVI of forest, shrub and grass in the downstream of the
r Tarim River
z T FEGE ANDVI PNDVI
St HKE OB WRV/km®  S5H/%  WEVKkm® A H/%
S| e EHIBCAEE  0.010  0.0006  4.535  0.280
O Rkt 5 o hAERESE 0.239 0.015 16.151 0.996
[ TEERR IEHIER S 0.365  0.023 17.153  1.058
z W RS HiAh 1620.366 99.962  1583.141  97.666
St 0 125 25 50 km BHBEE 1.0854  0.067 56.274 3.472
2 e — gop B 93450 5765 63.235  3.901
87°40'0"E 88°0'0"E 88°20'0"E " ML G 332.628  20.520 393.892  24.299
(a) Pt HA 1193.817 73.648  1107.579 68.328
EAREE S 0.002  0.000 1 6.983 0.431
i & o g PAERE S 0.084 0.005 7.151 0.441
o[ A fEHBA R 0.297  0.018 9.410  0.580
N HoAth 1620.597 99.976  1597.436  98.548
L W A
% SR 35 B2 7K T i e b T AR AR A R B A K, (L T AR
Z 3 \ N =) o S
ol n B 1 N AN RN =R = ) G AT 26
2 R o BEINT 9. 113 .7.067 6. 981 km® 3 SR [] (¥ e i
—c ﬂﬁ*ﬁ?))?%ﬁ TSR NDVI KA T i 27284k, B3 Ho R A 57 A
T R ) . . s
I N %ﬁ%%{ﬁ%lngﬁﬂgﬁig%%ﬁ%ﬂo
2| e AT 25 22, 8507 24 27K TR 2 1K 1
A _ eI WIFFT X PN 8RRk 0 5 s 118 3 A T AR A K
87°400'E 88°0'0'E 88°200'E HE (G5 ) Y R B A i s Ty, BETAD R U AR E
ki BRSS9 0 NDVI 25 6 405 45 SR e W, SR (o
i N T BT SR X, (HIZ X S A 32 ZE A A 2 A Ry
=r A Mk,
N 2.3 BERATHEEEHRNEKE
- 4 AET Bl R 45 R (£ 5) , A
z FELDY 78 55 B MR M %) S PR 2% 1L & S (E R 197. 49 ~
St 266.35 mm, A K 184.29 ~ 232.44 mm, B}l K
| o 212.41 ~292.35 mm, FET PNV #1455 WA i
[t S L e e N 4 3 o
W RN PR R KEiRZ , 89 860.36 x 10* m*, (5 MK
2
.| ™ A 5 BAUTHAREEWREEEKE
; 3 0 125 25 50 km Table 5 Water demand of forest, shrub and grass with
2l ; . . . . different coverage in the lower reaches of Tarim River
ST ity seR0vE B Mg WPV AR /mm k100w
B TR km®>  CEYIE bR PEME AR
B3 BT EAR R PNDVI 23 [A] 53 A RS 4.54  266.35 33.6 120.79  15.24
Fig. 3 Spatial distribution of PNDVI of forest, shrub and MM RIS 16.15 232,17 31.33 374.98 50.6
grass in the downstream of the Tarim River MR ss 17.15 19749 42.13 338.75 72.27
EAERE S 56.27 232.44  27.41 1308.03  154.25
o B 25 K OE Y MK b T RS BB T 16. 788 AR PRBE R 63.24 204.52 32,55  1293.28 205.83
e I RA A 2 393.89 184.29 25.19  7259.04 992.21
2 i 7 =}
15. 9]\2 4525 km ,{éﬂ%{%%ﬂﬁﬁﬂ(?%ﬂmﬂ( EHIBEDE 6.98 292.35 52.23 204.15  36.47
VA o B A LA B e A B ALY LM hANRERE 7015 252.17  35.81 180.33  25.61
Vb TR AR AR 43 ) A 61,264, — 30.215 .55, 188 AR 9.41 212.41 44.72  199.88  42.08
Mt 11 279.23 1 594.56

km? 5 F T BT 3 b 1 T TE 3 A AR B AR D,
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INTFEAKER R 11 279. 23 x10* m’

3 &S
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(2) R X P 4 ARt R o 4 A7 T AR AN [F]
KA A Yy i (55 B0 729 P AR H/K TRNE
SN, Y R v i AR K I, i I Y G AR
IVEA A X IR R B R Ak

(3) HR¥E PNV FE4LL45 S 1A H G 38 AT T i
SRR 11 279. 23 x 10* m®, H AR 5 1k
e, TR b RN M p T AR AN, T OK B H
WIh 7. 4% F15. 36% .

SRR, WL AR K A SR B 38 T UiE
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TKAG A5 B 36 1 A 25 ) 1 B S 0 AR B Sl A R
AAEYIRUE TR A A K 22 |, SR, HEAR 14 5
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G35 1 DX IATE SR A A0 A AR Ak 8 XU, 2o e g R i
B TR AT 1 X 3, X PTRE RO N TR A ik
I AR, — S 2SI O AR B 4 A BT RE Y Bk
SEY, I, AT 0 X A SR K R
FEXTEAR MRS T OR300 [T B, X6 38 9mT T Jie A= 2% 1l 1
SRR P TS B VR AT — 2 e
I AE SR TAE, D4R TR X g
DB KoK a0 S AL TR 0 7 vk e s B
TR G A A58 B AR B FR S 1A B T IX K
PR B B LA E

2 % X w
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