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Estimation of vegetation ecological water demand in Tuha area in the past

30 years
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Abstract. The Turpan-Hami region in Xinjiang, commonly referred to as the “Tuha region” , is renowned for its severe arid
conditions, prolonged sunshine hours, significant diurnal temperature fluctuations, and a delicate ecological balance.
Consequently, the ecological and environmental concerns loom large in this region, where the judicious utilization of water
resources holds the key to safeguarding its ecological integrity. Vegetation ecological water demand constitutes a significant
chunk of the overall water demand in the Tuha region, crucial for maintaining regional ecological stability and fostering
sustainable development. This study, premised on the classification of ecological protection importance, delved into the
analysis of the total vegetation area and the specific vegetation area within each ecological protection grade in the study area.
Three methods-the modified Penman formula method, the phreatic evaporation method, and the ecological zoning
comprehensive calculation method-were deployed to estimate the vegetation ecological water demand in various ecological

protection grades in the Tuha region from 1990 to 2020. The findings revealed that: (1) The total vegetation ecological
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water demand in the Tuha region, estimated using the trio of methods, exhibited fluctuations during 1990—2020.
Precisely, the modified Penman method pegged it at a range from 5.018 billion cubic meters to 5.78 billion cubic meters,
the phreatic evaporation method estimated it to be between 5.442 billion cubic meters and 5.185 billion cubic meters, while
the ecological zoning method arrived at a range of 4.558 billion cubic meters to 5.203 billion cubic meters. (2) Using all
three estimation methods, it was observed that the vegetation water demand in the areas designated as extremely important
for ecological protection had increased over the past 30 years. Notably, the modified Penman formula method revealed the
most pronounced increase, escalating from 1.212 billion cubic meters to 1.854 billion cubic meters. (3) A comparison of
the three estimation methods revealed consistent trends in the estimated total vegetation ecological water demand every five
years from 1990 to 2020. Similarly, the trends in vegetation ecological water demand within corresponding ecological
protection grade areas estimated by each method were also consistent. This indicates the reasonableness of the ecological

zoning method for estimating vegetation ecological water demand, providing a valuable reference for future estimations.

Key Words: ecological protection level ; ecological region; ecological water requirement of vegetation; improved Penman

formula; diving evapotranspiration
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Fig.1 Schematic map of the Tuha region
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Table 1 Ecological conservation importance hierarchy matrix

AR S5 IR He AU Ecological sensitivity

Importance of ecosystem services protection WU Highly sensitive B Sensitivities — AU General sensitivity
P EE Extremely important WEE WEE TS

HE Critical WEE Gy e

—JB % General importance WEE Giv — R EE

1.2.2 Mg AGT

W TR RIS R S50 PO (hitps ://www.resde.cn/Default.aspx ) T 245 5] 1990—2020 4E4F 5 4E4L 7
AMRFEAEO A Tkem w1 [ = R P28 S8 I BCH . R Arcgis 18 1 45 A5 A A7 75 2] ik A b DX 45 L 0k o L
BRI 6 D—HEIIVL S 25 AR ARBFSENE 25 A S T A kL T ROPR B | HE B A
M v 7 55 R P B T S A A A A ST K I AR X G, IR 12,1 HpO i e X A A AR
PR o 125 DX 5 AR AR A TR A 1 A A X BT 145 IX N A5 ARk 0 T AR, A AR AR S T K A 3
1.2.3 BRI 2 (Penman ) A

WH S AR EIT AR BOK T2 MR AE TG 0 H S BRSPS AR TR KR
XSEBR B A RAE R K AR TR K & AR AE R AR A A7 1) S PR AR SRR /K o, B IS 1932 2 (Penman ) A 2
2 (RIPREGH B PM 325 Jeda il i TH AP I 7 728 L 0T S R A0S -3 R R B0 G R SR ) 55 B 75
K GHEARIT .

W=ET,xA, (1)
Ko, WO AE S TR B (12 m*) JET, 056 k AEGE TR K E R (mm) A, 5 b PR A (m?) .
ET,=ET,xK XK, (2)

P ET RSB RIZEEUR (mm) K R FERER) 38K o3 BRI ZR B, KOS b B RO R B R R
(1) Z& WA
SHEAEYNZEHOL B (ET,) TR T2 842 1 1932 2 /A 2 (Penman-Monteith ) ' | HAR AR
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Table 2 Regularity of plant growth period and crop coefficient of each vegetation type

AR ERB(5—6 H) ARPII(T— )

*E%}i%éﬂ AEROIH(4 A ) Growth and development Mid-growth AREHI(10 7))
Vegetation type Early growth ( April) period ( May—June) ( July—September) Late growth ( October)
A Mt Woodland 0.53 1.04 1.13 0.97

TEAM Low wood 0.19 0.33 0.58 0.60

B Open woodland 0.20 0.52 0.91 0.78
HEMH Other forest land 0.45 0.55 0.85 0.60
O High grassland 0.23 0.44 0.55 0.45

H7E 35 5 Medium covered grass 0.15 0.20 0.30 0.25

KA 5 F b Low covered grass 0.11 0.18 0.25 0.15

1.2.4 HKZERE:
O EE T T R XA A7 B N K AL ST R R AR AR ST K W RSB
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W= ZW ZSxW x K x 107 (4)
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hm?) W, & 9L i %L%—i&?ﬂ(ﬂﬁf I P 7K 28 A dk (mm) K AR R AL, S A AR B 5 oA bt
B PV K 28 A fR AR, AR SCE A A 1) SR AR DG 133 P b 1 52 IXORE e A 28 55 7K SR %) 6t SR R AR
FRAEUO B R i R A A AR (R 3 .3 4) . HIIVE/KZE R 1 TS A O B 4 B 47 i
RKAR

W,=a(1-H/H, )" Ey (5)
P H g3 TR (m)  H,, AHE T KB FREETR (m) |, 278 R O SCIRI Sm WA BREEER , o b H 250 R B>
B4 0.62.2.87F [E, R 20em /NEIZE K MLZE &40 (mm ), R4 B, SIS 45 03 B HL 22 R R E g, 30
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e, LS 2 R P 0 T U S AR Y 2 BUR R AR E,, , BBLA 0 H%t H IS ARG R BGA H) 0.876, 8
RAKXIT .
E,,=2.1788 ET,~202.11 (6)

£3 AEBKIBRMERRE
Table 3 Vegetation coefficient for different submersible depths

AR m MR KSR/ MR
Diving depth Vegetation coefficient Diving depth Vegetation coefficient
1.0 1.98 3.0 1.38
1.5 1.63 3.5 1.29
2.0 1.56 4.0 1.00
2.5 1.45

R4 PMRRAREBERETHEKIER

Table 4 Average submersible burial depth of different types of vegetation in the study area

. KR/ ERIES T WK LR/ LR EY
Hie KK /m BAREC || e R R
Vesetation t Diving Vegetation Vegetation t Diving Vegetation

caetation fype depth coefficient ceeration type depth coefficient
H Ml Woodland 2.0 1.56 1= 74 3 5L High grassland 2.5 1.45
TEARMK Low wood 3.0 1.38 "H7E 56 B Medium covered grass 3.0 1.38
BHiAkHL Open woodland 3.5 1.29 IR 25 HE Low covered grass 4.0 1.00
HEHHL Other forest land 4.0 1.00

1.2.5 Ao Ktk

LT A 2 A K B A EL 26 T AR 1 T 6 AR A 251
SN S A RGIERUFAE | RV IR 284 251X 5 R L A 25 X A A K A% 0 B B /K B 85 2B 1 MBS /R
SR ARARX, It R 7 PR = F 5 (www. gis5g.com ) F 1990—2020 4-4F 2 [ K & 5088 , 70 HEF N
Tkmx Tkm , XA 7] A2 25 DCAE A R KOG EE I ASRIE . 56 T )b, 2R T A2 285 73 XAk B ma g A6 28 R 7K % i, ZE BT 7R
ARG RIAERX N R 22 8 A AR A AE BT KR TEAR T 5 R i i i 20 1 fE g
IRAR S IX 5 8 BUAR AR 25 DR FHAE M i T 50 DX 3 T SR A RV K 28I

2 #R5iTig

2.1 kR AR SR E R AR SRR X

Xof PPy 1 DX A 25 Ml 55 E R 5 2 28 R G UM A T B I RSP S5 A5 380 ek i DX A SO M A 0
I I b DX A A T AR X F B XS — R X, W R X I I DX 47.8% , B ELAR X
I HiL DX ) 8.7 % , — B DX ik I L DX ) 43.5% , Xof T i I i DX 43 A 25 DX 2R AR 43 oM BT R 28 AR S X ik
MK ) 1.6% , HENE IR A ZS X A7 M L X Y 12.5% , KINAZS X A7 M i X A 21.7% , 35 AR AR S IX ik
M X ) 64.2% (K 2)

St — 2 BAE AN [ A 2 X B AR SRS, X EE AR AR X 1990—2020 4FH 7 AMRRAE(3 AR R K i
PO A S X R A Th R I AE R X S BR Z AR AR X AR S oK i 2 2 TR R 538 LR AR IX, HHEE /RAESIX
5 R A S XA Y R KA BE AR /D (1L 3) , 3 A i A b IX 3 B8 A A S 75 /KR AR 2540 XT38 9 42 it
i
2.2 T 30 ARG b XA AR AR XS R AR XA AR AL R E

FEF b X Tkm A HUR AR, 83 1990 ,1995 2000 ,2005 ,2010 2015 2020 25 7 SWH 7 A8 9k i
AL 4) o AEZKF-AF P 5 7 5 1 RIS 370 R MR | Bl A8 b (T3 55 B Ml T AR bR R, T 30 4F YA
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Fig.2 Ecological conservation importance levels and ecological zoning in the Tuha Region
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Fig.3 Average annual precipitation in Tuha from 1990 to 2020
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Fig.4 The area of vegetation of various types in the past 30 years
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Table 5 The area of vegetation of various types in the past 30 years

FEEZR Y Vegetation type 1990 1995 2000 2005 2010 2015 2020
M Woodland 0.05 0.05 0.05 0.05 0.02 0.02 0.02
FEAMK Low wood 0.02 0.01 0.02 0.02 0.02 0.02 0.02
B Open woodland 0.01 0.01 0.01 0.01 0.02 0.02 0.02
HEMH Other forest land 0.01 0.01 0.01 0.01 0.00 0.00 0.00
T B 5 HO M High grassland 0.76 0.76 0.76 0.76 0.58 0.58 0.56
7 35 B3 Medium covered grass 0.66 0.67 0.66 0.64 0.85 0.85 0.86
IR B 35 HEHE Low covered grass 1.65 1.64 1.64 1.64 2.42 2.41 2.43
SR Total area 3.16 3.15 3.14 3.12 3.91 3.90 3.90

2000—2005 4F-HI[], B s ARH 30 2 FH b T ARURE T dl 3 e b R K 3 e AR ek 2D B S ek /0 g A 2
Bt Sy b, MDA AR T b, A ek 2 TG AR S A S R R I M, 2005—2010 AF 01 1E) , B 1 AR K S8R9 £
Pt T R4S A BN T R A ) Dt T AR | R b el A A A Rk R A St i R A
HEHLFK IR (L 6)

2010—2015 4F- 1], B K FRARSE 3G N, Bk H A3 £ FH b 1 R W BH S 2 ) FH b 1 R BH 3 02
R P M0 T AR B R, R 2 P, 2015—2020 AE AN, b A FH 2R R R A B RS kb
L Gt S B LY TET 28| I Ll o IV ] R B R Sy S N @ W N L3 E B TR A A T A T R T
T B R A P M D AR A R B (7). DL RS R S E A MRS R

R ek 1 b DX DO A A 25 DG 30 AFAR B 35 R - RIS AR SR B 7 3 T B R T H e =AM E S
IR T AL (2 6) B PR Z AR S A TR /R 28 5 IR R A 28 X AR R, O R FAE S X
o7 IR R EARAE S IX, RINA SR K L A R PR A1 R I AR 8 X5 M I8 /R AR 24 DX e 7
T AATEAT 30 4 AT Bl 7 o5 T R 35 10 K, BT /R 2R A 25 IX 5 1 R AR 2 DX 7 5 T AU BT 30 4F P 2 LR
Dokt 13X ] BE 5 AN A AR 25 XA AN [R5 e s DL R A 25 S I B0 EL AR S Fr 7 XA o
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x6 E30ERESXEHRER/ N km?

Table 6 Vegetation area of each ecological region in the past 30 years

H:Z5IX. Ecological zone 1990 1995 2000 2005 2010 2015 2020
BT /R 28 Altai 0.08 0.08 0.08 0.08 0.05 0.05 0.05
WENE /R Dzungar 0.10 0.10 0.09 0.09 0.42 0.42 0.42
K11 Tianshan 2.36 2.35 2.37 2.35 2.76 2.76 2.76
W H K Tarim 0.63 0.62 0.60 0.59 0.67 0.67 0.67
ST Total area 3.16 3.15 3.14 3.12 3.91 3.90 3.90

P 5 s DX AN [ A 285 P37 25 SRR BB 8 7S < KP4 N — B AR 25 P 7 A R AR i i AR K, 1990—
2005 AR — A= A5 PR 452 DX AR I o T ARURR LE T o S A R AR S AR AR K 0.4 U7 km®, 2005—
2010 A7 1 7] 1 T A IR 25 2 AR T AR R, 2% A 2R XA 2010—2020 AF AR 1] FRUAG e BEAR A E 78
1.4 J7 k7247 AT — AR SR S R XA DO 35 T BOEBE AR/ 0.1 U7 k2247 (R 7). EZAEAR
AN R T ARTE ST 30 4F PN B9 135 8O, DR B 24 b BUR TR R BORH G A 25 R4 BORIN A I S 3t ik B
TR I3 ) A A PR AP B B A B

R7 IE30EERIPEFEHEER/ T km?

Table 7 The vegetation area of each ecological protection level in the past 30 years

PRI Protection level 1990 1995 2000 2005 2010 2015 2020
% T2 Extremely important 0.93 0.93 0.91 0.89 1.41 1.40 1.40
H I Critical 0.92 0.92 0.93 0.92 1.00 1.00 1.00
—JB General 1.31 1.31 1.30 1.30 1.50 1.50 1.50
ST Total area 3.16 3.15 3.14 3.12 3.91 3.90 3.90

2.3 hRA b XA AR AT K
231 Mtk g AR

BT e 2 2 S AR B 1 ik i b DR AR AP S G X | R AP S G X S — R A A PR
30 EN 7T MR R A ST K & (B 8) o T B AR 4 85 Pt DO 1 A= 2875 /K B 0 8 9, 7 8 %2
PRI ERIXE — BRI ER X AT 30 kA AT K E AR A B2 WEBE A SY XA ST
K 12,1242 w85 M%) 18.54 {2 m* (£ 8) , MHE FHERIFHE — ARy SF9 X, R B Z AR G X AE
Bl AR AT K A RGN 3 BRI N A T AR AE 2005—2010 9 8] d 238 R axX E BRI R IR
A X5 S R AR A DX PR AT T AR R

®8 30 EEZERPERRERESTEKRE/C m’ (kI PM %)

Table 8 Ecological water demand of vegetation in each protection level area in the past 30 years (improved PM method)

4y % w i AR
Year Extremely important Critical General Total water demand
1990 12.12 17.83 20.22 50.18

1995 11.05 16.15 18.37 45.58

2000 11.14 16.42 18.73 46.29

2005 11.99 17.83 20.51 50.33

2010 17.19 17.37 19.34 53.90

2015 16.54 15.79 18.66 50.98

2020 18.54 17.75 21.51 57.80

AP el 4 552 22 s At 0 o O e DA A A S 5 K AR A B, 1990—1995 A A A4 25 i 7K it B 41K
1995—2010 4FFE B A S KR 2E 1K, 2010—2015 AR R4 A A5 7 /K A AR, 2015—2020 AR AR B AR 2575 K
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Fig.8 Improvement of the PM method to estimate the ecological water demand of vegetation in each ecological protection class in the last

30 years

IR, 7E 2000—2015 1 [8] 25 4k #a 3 5 2 A 6 ik i b X 2000—2015 1 8] 45 9% 2F 25 75 7K 28 16 A 58 45 2R
_Aﬁ[[l‘)] .
232 WOKFEHUE

FEF WK ZE WL T AT 2 0 v 1l DX A 55 2R 4 A R X B A S XS — RO SR G 30 AR 7
AMRFAED R A ST KR (K 9) o FHEL TR PM A2, /K 28 B 3 i ik My b DX B A e A 25 75 7K
BUETE 1990—2005 4F5 2010—2020 43 ] 55 H 158 25 SR A8 fhfa $— 2, 1M 2005—2010 4F- 7% 7K Z8 8 & Ak
(25 R BT Rk 0 A DR 2 7 ok U R R 7 et P TR R R o (LA s i L5 v 7 e T A 2 R
WD L, O K ZE O PG B R e R Tk (Y PM i, PR TE X ) R AN AR 3, R AE RS
TP B B SO UE , WK ZE R E R B B R P SR GOt XA 5 A A Bl A S TR /K AR HE Tt i PM kAl A2
JAEIT 30 AE MG E S B i 8.43 12 m* K3 12.84 12 m* (2 9) ,2005—2015 4 1 b] 75 85 {5 9 25 2% Hb,
X5 — M PR A ARG X AR A B R B AR S T K TR I B

®9 IE30 EERPEREWESTKRE/ A m’ (WKFHTE)

Table 9 In the past 30 years, the ecological water demand of vegetation at various protection levels ( submersible evapotranspiration method )

G0 ERS HAE — i MK
Year Extremely important Critical General Total water demand
1990 8.43 25.55 20.44 54.42
1995 7.76 23.31 18.63 49.70
2000 7.77 23.52 18.96 50.26
2005 8.27 25.61 20.81 54.69
2010 12.12 19.49 16.74 48.35
2015 11.71 17.80 16.08 45.59
2020 12.84 20.34 18.67 51.85
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AR A S A E B S AN T R A S T K AR B AR — 80 X E ] T 5 T R X e AR
AT KR X AT B s A B
233 AEXSXIEL

WA 73 19 A 2 XA S IR 5 B K 2 (AN TR B A3 A 285 DX AR Wy b DX A e A 5 K, BT 7R 2 A 2
X5 R A 25 XCRBUSGHE Y PM AR, 70N IR A 725 X 5 8 B A 25 XCR AT /K Z8 005 T30 i sy s IXGIE 30
A7 ARFAE PR A S TR R, 25 R ER (B 10) % T 04 i XA g AR ST oK i B S KT R ik
FEIT 30 4F AL 45 S AR A 3 5 el 1 32 2 1 e AR ), SR ZE RO AU 2005—2010 4F 1 1] 28 4k
A, X T2 AR SR B AR, AR A A3 DA BB A A o AR S R XA A BT K AR L T IR
FhOTIEAR i o B3, TR B AR A AR XA A S T K 9.54 42 m* HE K 31 14.92 {2 m* (% 10) .

£10 iF30 ERFRPERFERHRESEKE/ 2 m* EEHKE)

Table 10 Ecological water demand of vegetation at different protection levels in the past 30 years ( calculated by ecological region)

G0) ERS CE — MK

Year Extremely important Critical General Total water demand
1990 9.54 17.81 18.22 45.58

1995 8.71 16.14 16.50 41.35

2000 8.72 16.40 16.85 41.96

2005 9.40 17.77 18.44 45.61

2010 14.07 17.09 17.60 48.76

2015 13.55 15.51 16.98 46.03

2020 14.92 17.45 19.66 52.03

Xt HEBGHE 28 o 30545 WK Z8 G , A2 250 DT 7 A B0 1 180 2% A A5 R 47 A U A S T /K A
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