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Ecological water requirements of vegetation in the middle reaches of Heihe

River

HE Zhi-Bin, ZHAO Wen-Zhi,FANG Jing  (Cold and Arid Regions Environmental and Engineering Research Institute, Chinese
Academy of Sciences, Linze Inland River Basin Comprehensive Research Station, Laboratory of Basin Hydrology and Applied Ecology, Lanzhou
730000, China). Acta Ecologica Sinica,2005,25(4) :705~710.

Abstract: In order to reduce the environmental and ecological problems induced by water resources management and use, this
paper proposes a concept of ecological water requirements (EWR). It is defined as three grades for EWR, including critical
EWR, optimal EWR and saturation EWR. Critical EWR are the water regimes needed to maintain vegetation growth at a low
level of risk. Optimal EWR are the water regimes needed to maintain ecological function of vegetation at a continuable level.
Saturation EWR are water regimes needed to maintain maximum throughput of vegetation community. Based on the definition,
the method for calculating the amount of ecological water requirements is determined, which is that auording to the theory of
relationship water amount balance, using meteorological data of each county from 1956 to 2000, monitoring data of soil
moisture in the different vegetation areas from 2002 to 2003, and 3S technique including geographical information system
(GIS), global position system (GPS) and remote sensing (RS) to calculate ecological water requirements and analyze
ecological water shortage. In this study in the middle reaches of Heihe River, the water requirements is divided into three
parts, including arbor forest, shrub forest and herbage community. The results of calculation show that the Critical ecological
water requirements in the middle reaches of Heihe River are 5.78 X 10°m® * a~', optimal ecological water requirement is
9.48X 108~11.58X 10 m® « a~! and saturation ecological water requirements are 30. 33X 108~37.08X 10® m® « a™!, available

!. The arbor forest, shrub forest and herbage community

precipitation of corresponding ecological areas is 4. 74X 10° m® « a~
water requirements account for 33%, 35% and 32% of the amount of total ecological water requirements, respectively. Except

Shandan and Minle County, the precipitation of other counties could not provide critical ecological water requirements.
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Furthermore, in the course of water resource adjusting, it is necessary that not only to consider spatial heterogeneity but also
pay attention to season variability of ecological water requirements. This paper shows that ecological water shortages of April,
May and June are the most serious in the middle reaches of Heihe River.

Key words :the middle reaches of Heihe River; ecological water requirements; vegetation; soil moisture
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KREFRTERASRETHELRWBREERR  AKMNEN, EKMEREN . £ K REERTE, AXFKAEL
THAEREERFEANEGERSEE, LERET RN RER, K RRBESRT S AMTER T AREHNAGRK . BRE
BTFRAMBEMH LG ANBREKEENNZRE  CHAGENBEIRY ., B A5BARRELTESHE,
HBESMITET RS REILE AR,

BRSOk A SR, L HRPHEHK, K REHEER REAYE. B 20 #HE 60 FALUK, A TFHHHEAD
KIEE K GMERAH Y X, MAEKREREE ERAGHE, 0% U ERKATRRERL, BB TESKNEREE, X5
AT 5 BOP W A 75 SR 88 0 B A, T L SR S A BB 496 4% W £ AR 0 B TR 4R B> , TE SLIBR T T R MK AR e 20 42 60 4PAR MY 11. 92
X10° m® A E] 90 FRHY 7. 0X10° m* I MR S B MB AR T4, T RASMWAESF RN . B35 E KR
ASTFRKECRBNRSFEEN ST ARG EE. BARSELES KRR, EEHXHRIFATHREFRRS
ESFERPZEHKERRE LD BERBESTKESRUS BIASTKERBAESRERBZAMNEREMALLRE
BREFEER LR, FXUKBFLEXRRE NEISER, T H 2000 4£ TM BB FHER.1956~2000 £ R TR M 2002~2003
FERLHKDHTRAERE, B CISHERMEH FE HETRRNPRLE THNASTEKRE, AKBEHEAERERENE
B
1 W|RAE
1.1 EEFTAKESE

AEBTKRBRRIELEAZFIAMNFTRE Covich BRATHEKREERFERTERINEREZRZABBRBHAENY,
Cleick B 45 iy 3£ 4 4 K55 /K (basic ecological water requirement) i SEL . R — T F BN —CSH BN KA RXREE,
URB/NMEBBERRESREMNIRE HEPUMERERNASESGHED AR, BiESTKENESNABREBAE—,
T EREOEHEL, AAEXR PRI ESAKE ASHFERKE ASHERKRED Y, NEHEMXEESHET T HE
S HIEHESTKED) AESHKEDOMESHEKEDIZEHEMAR B D.>D.2D., BiNAIRRENRYT
KEWETASTKREEBED, TG EER BB ESTKEORS, DL ESRENEP B BEK REASY
TR EREMSANKERR SFEABBERE N RS KEFRERY. 20AN, FERAST KR OHEEIFHHE
RoATETHBAKAFRER, EDFRARESTRKOSLRE, N RS TEXEYEST KBTI AERESTK
B BREESTEXKEMANESTE KB MAESTAEEEF TEXEYEFNENMEKE  BREESTKEETREXEY
REERHNRESS P REM KR A ST KRS TROBRAFENEURRKEEN MHEYHEKED.

1.2 ABTEATEF®

TRRXAESREEIEGE- T REERE  ELANTHRAOHLT KR FEHERAATRRRE:

W, =W, +P—R—ET &)
KA W ¢ RBRH W EKE (mm) W, ¢ R L HEKE (mm); P R BREKE (mm); R AZERNZRE
(m), ETEEWXBERRUMALIER, B R=R —R\ R, Y ERRAFMLTRRE R, FALERE hiZHREHE
(nm) , BEEFEEM L EER. AXETEERATHSEE N RBESTARNOITET S BERESTRKREVQ
BHEARIT .

SWC=W,x AXH @
ET; = (ET,); X A/1000 (3)
ETQ, = SWC + ET, @

12
EWQ = SWC + > ET, )

=1

AHf, SWC X L HEKE M) ; W, VHEBERK T ESKEFH(m® » m ) ;A FHFEXRAR (), H X HEFEFE (m);
ET; A% j BHBRAYE (m®);(ET), 8 j A HHERZEHER (mm);EWQ; I j AESEAE () EWQ NHEHEK
FEEBEARE @MY,
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1.2.1 HMERAEEKBOWOHE ARLEBHEER A RE 2000 £ TM EQEFHEE . LEEEHR L SmEMRE
FESHRX), LHWEKEHAW, W ERERBASTKENERMSNEBEERIRITBRIENESIRE AR, EIREE
BERFEEYE X MARNEESRNERREET LK 2HSEN AR X FEQFETT B3/, EREEAR A
KRE K LKA BEN, inR Ao, RN RERRGEEK 7T~8 K, EHENEERERANAEKER, BLZEXK MG
WK B EAMAAESTE KR GWAGH BN TP REEEK 3~4 K. FHREERIELTRENGF IR BERL N
MFEKBIREESTFRE A ERWITZHEDHRE LW HRUEREK SN KNS R EHEER, BRI BRI,
S5 AMEEAE—EWER B UZLGHWEKEIGFEST KR REEEROAFHRNESTXERS. 18
K43 Wa B it (B & 2002 4F 4 A ~2003 4E 49 10 A , 7RI, & B S H M + 35K B, W RE R 180cm (72 17 M3t ) 58 IR 4
B, H A T KIBBAE 150cm £4) 8 20em M— L3 ANEE AR FASCTOHRERMHEKBFE D,

®1 FTEEFEABXTREKR

Table 1 Soil moisture content in the different areas of vegetation

EEBKER PR B 4~10 ARTFHLEEEKE + HK 4 W58 K B
Grade of ecological Vegetation Number of  Average soil moisture B R Depiction
water requirement type sample from April to October of sampling plots

I 5 Critical Ei# Grassland 3 1.86+0. 23 SHBZHFEREREY . ENY gMY £EH
¥ Ak Shrub forest 3 1.9440.31 BB EEMEREKESWHAZPVE DL
FrARHk Arbor forest 3 2.3240.52 S ARG R EHAR(UERKBT KAL)

;& Optimal Ei b Grassland 4 2.7940. 42 YA | ) B (2 B 10a BL BRI i)
¥ KAk Shrub forest 4 3.2340. 61 BEA BROKADIK@ENAB Y E R EEH )
FrAHk Arbor forest 4 5.6040. 89 MR, TEEBHN DE(BEEK 3~4 K

0 Saturation i #h Grassland 3 8.621+0.76 BIER . WE+HAE HET . REAL &N
W KAk Shrub forest 3 13.21%1.12 B+ VW0 R E M W3 1)
FEA M Arbor forest 3 18.15+2. 42 KBk (EKAE 7 KB E)

Penman AR, ZE KRR R &4 T AR AR B SEERBERE K", 8.

ET, = 8 X ET, (6)
AP VET. HEGFEBHE (mm); ET, FEHERBE (mm); 8 HBRXHER KT f~w/ww HLFEFEFKE (mm),we K
REBMEKE (mm), HE KA B EIFKREN 70%~80%0 , A TBUH /KR 70%(F 2). BEPHLETHBAERE

Bl & 1956~2000 £ MR BEEKE
®2 BRUPHFBERARRERN

Table 2 The coefficient of evaporation in the middle reaches of Heihe

1.2.2 HEXERERET, WAE

River

ESRAREER

Grade of ecological

3
>z

7R B L RZ ¥ Coefficient of evaporation () & . A

— P .
FARE  WAME  Gw B iniEn e a R
Arbor forest Shrub forest Grassland sl 4 i e Ehiions &
0.1162 0.0971 0.0978
0. 2940 0.1617 0.1463
0. 7563

0. 6615 0. 4317 il

water requirement

5 5 Critical
#i& Optimal
#1F0 Saturation

CL A AR i

)é;.
13 BARES *
BRI K 27 BT R (B D, AR R 6 B HW
EWAE RREBAHTMEHE, AWML K 3.98X
10%km?, B KRR B M@ AR R, TR, SN i
GPF R R R , SN T R 5 AR, 77 TR 0K U 98 B % O
B, A4 R VER B RS T AL TR S, M &
P I A 5 TR 5 U AL , 5 M BB L 0 AL 0 B % 2 75 3R %
SR, 54N, Mok 7E R LRI ) F A ER L 4 1 5 AR BRI K
BEGASERAKREEESREAWER, BRELGEP
Rk & 357. 2mm)4b, H 4 B 200mm R 14 K

i

i &
iR A I B

S0

\\

H1 BREXREHA
Fig.1 The map of study area
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L4 50% 85. 5mm #l 61. 7mm, M H EBEEFE 7.8.9 =AM, HEFEHEKEMN 60K LU L.
2 HRSH
2.1 HIRREBESTEKEITE

FH 2000 £ TM 24 GIS HEARMBA R K #HITEED SR GE 3), MR 4 5 thih  E ARSI AR ; b4y K8 o AR
BEBEH, - MEEEEMTRAESMAR, PEEERIAESHLEZ IWHERNGHESEZLRITRIFER B
M, FEA AT KBTS A2 B BT B B R B b 5 A B 4ORK T AR R o B — R ARl G 1 B R 3R 18 i R H T AR 5 B B AR T AR
BILL BT B E B R EE R 1. 32 2 MOBIE R, KR KA BB R A 1956 ~2000 SE M SRR RB K (ORX~GIRHTEBH
PHEEMASTFKRKE HERMEL 4. ARITR . BT HBXEBFERRAESTKENR 5. 78X 10°m°  BEASTHFAKRLE
9. 48X108~11. 58X 10° m® Z ] , i FIFE /K B 7E 30. 33X 10°~37. 08X 108 m® Z &) . HrhZ&BMER 5 86 U b, @A KRN
5 14%, HREG AN FRAKESTE KRS 33% . MAKSE 357,85 2% I FHEMEWEBRTS B HAESTFKHL
FEBAHZRE O UWANRRENESTKERK - ALSB N PHBXH 70%,

£3 FAPHEEETRSE(X10mD)

Table 3 Ecological zoning of each county in the middle reaches of Heihei River (X 10°m?)

=K Ty It £ a8 HMER iFHE REH WRT &HE
Vegetation type Linze Gaotai Ganzhou Shandan Minle Jiuquan Jinta

FE AR #H Arbor forest 3.25 17.92 12. 34 424.09 478. 83 2.84 46. 76
HE Ak #y Shrub forest 77.50 50. 51 149.52 125.26 167. 70 103. 64 52.96
FH Grassland 15. 59 62.73 105. 92 413.94 409. 72 14. 38 11. 64

F4 BRAPHEEHEEESREAR(X105m®)

Table 4 Ecological water requirement of each county in the middle reaches of Heihe River (X 108m?)

HEEFTKER Grade of e ¥ 2 BER HMKX WA R&E HRT &R
ecological water requirement Linze Gaotai Ganzhou Shandan Minle Jiuquan Jinta
I 5 Critical 0.26 0.29 0.67 2. 50 2. 05 0. 32 0.33
B i& Optimal 0.56~0. 69 0.52~0.63 1.29~1.57 3.89~4.74 3.24~3.96 0.69~0. 85 0.62~0.77
M F Saturation 1.50~1. 84 1.49~1.83 3.54~4.33 12.98~15.87 10.82~13.22 1.84~2.25 1.92~2.35

2.2 MRRAESGRAKESH

PR P X R K EER B FHOK AR RE S B R BOR ST R 8T, B P I AR B MR K L B B AR BE IR 18 B e
K& 6.40X10° m®, P =3mm W KBRS 749 LI BE L ER, P K REBRESTKEEEFTNERRE DA
25 1.04X10° m*, BB BAK BT AR 4 74X 100 ~6. 84X 10° m* MU FI 75 7K fE TG 4P 45 25. 59X 10°~32. 34 X 10° m®, {H & f& K FFE
BEE 25 () b Fed ] - ERAEFE S KB AR B BR O, 0T O R 0 XA [ A B () 45 DLGE B K AN A BRI BIR P A S L (R LR
ERHER. B2 TR, B RS B ST KRS S I 4~6 A0, MK BREMHEEEE 7~8 AH, Bk, X
RHREELTEF NER4~6 HRESTKENHE . 54 REENBEKEERL LHEES~ AR E 20 ,BKEBET
BEARTKE B IUERKREER TR SEEEDRASZEMEN  KRERE RS EST KR AIRE R
BABN HEERAS N ANBTEENAES K GELBFETENS 0.48~0.61X10° m®, GHFHIAREN 9.24: B H
BEFTAE 0.43~0.53X10°m®, GHEW 7. 5% HWRF/AS 1. 04~1.32X10° m®, B EH 19. 1% IIFH R FHH 2. 51~
3.36X10°m®, i BB 40. 9% ;TH R AT TAME 0. 62~0. 78 X 10° m®, FMEM 11. 9% ; S EFHM45 0. 57~0. 72X 10° m®, &5 &
BH11.5%,
3 AR5

MWEBEAPEBREUATZH A EENESRE AP ESEEEMEESTE KRN 9. 48X10°~11. 58X 10° m*, B fH
RERGWRAKWHZHXRAEB ATHPRERAESTKE. MEMAHESTARBEMTESMORABEHTK
EXRRHBERN BNZFRNAEEATERENNES K MEAMEWNASE2BED —EEPERETCINHBEUZTR
ANFEAN, SRLAFHERE—THN, MZHKMWARAEHETEPSMESZEL2HUERRD, B, XBLTBRKEER
WAESTEAEEN. Bt ERZBERKNZRREENBERT N EKKR L FHEERREARBEKEN 4. 74X10° m?,
MRUBRBESTRKBEIRE, FIHBREGETAERPHHE 4. 74X10°~6. 84 X10° m’,

OEFHARFEELSEST ANELZBENRBESTRERE, MHELFEEENE L ERES B0 TIFLEH#
TABERAEEE AABAHHHXEEMNBKE ZXE SHERUREEAUEFEHENSRER, URFES BN
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SEXBRGKBEOFEABNEEER . MRKREA T PU X KRR, HEKRET 360mm, EEHERBEESTEKE
FEER ML B WA ERE R, B RANEME, BEESHKERK. MHEHNK RE.RE BRMNSESENREKE
HERAK.HESTKREEUEBERADTAR . ESTRENGKBRANFEZRAER MAEARNEHBEES
EWREENEAUESH BREAEN . HEFENENAGHIRENAGESK. —BAEN 1 ABE 4 ATk BES
EFta~6 AUk BERIRA.6 BB 12 A0 XBH B BEAEE SRR M — B0 B E 5 I W LR R, 3% K5
BB EEERE T~ AR EEREIEWNERFIBT RNFELT . FENESTKEELRT, MHKBRESFAMERE
SABWKRKESR XM TR E KB EAR T TR K B0 10 45 A8 B 6 X8 3
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Fig. 2 Ecological water requirements, shortage and precipitation of every county of middle reaches of Heihe River in the grade of optimal
ecological water requirements

(@) %F £ Linze; (b) H & & Gaotai; (¢) H ¥ X Ganzhou; (d) if} & Shandan; (e) B & & Minle; ()R T Jiuquan; (g) & & 8 Jinta
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OFETUARPHRRFERER, 5 A LR BHERWHBENRBEES RS TRRERESTERE,
MEHRBEESTKEMETEAAE, DK FFAERME T TRGRASER AR b T 20K 4 0 BE 1 R R, B, %t
FENEFRESRAETERTEHRIBAS LR FEERER R ETRADR.
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