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Abstract; Vegetation is an important component of terrestrial ecosystems and plays a key role in maintaining ecosystem
stability. The study of the ecological water requirements in vegetation has become a hot issue in research of water resources
allocation and ecol-environmental construction. On the basis of the comprehensive analysis of previous research results, this
study introduced the concept of ecological water requirements of vegetation and also reviewed the advantages and
disadvantages of several methods for estimating ecological water requirements of vegetation in arid and semi-arid regions,
including the quota-area method, the phreatic evaporation method, the plant evapotranspiration method, the water balance
method, the biomass method and the method based on remote sensing technology. The results of this study emphasized that
it is necessary to pay much attention to the research of the application of “3S” , numerical modeling and scale transformation

in the calculation of ecological water requirements of vegetation in the future.
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B BORAL , FIRETIR , EBEBRATE K, LM, YA R AU, K L F MR, &IN5 H B
Bl FEMEDEIENERX —HX AR EFNAER, BIESEBF ARSI REER. Hit,
BYERF R PR IR, AR I B R , T IE ¥ A R ME LR SHFE—ERK R, THFER,
WEERKEHE AR T AR E XA S35 A s T K R ELRMLR AT BRI R T 2 5, e TE
R, BREWAEST RS RIERSE IFERE JKICE IR AU BESFER A SRR T E
T RRANBEA JE#, B AT B7EE M T AR WE Bt B B, THB S RIEXELIFE K BHRME4L
BLE AR EE RN AR PRI AR R XTI ST A |, XA SR K E T
Bkt T BOV RGH) BEAVERT 18 H T BT S P r e — 28R, SRR B T ARR BT R R T 1H]

1 HEWESTEKHERS

Gleick PH F 1995 4B Juif i T AR KBNS, BRMt—E RE MK BN KR LRI, U
RERBEEHIKE RRESREMNIR, IR WM EREEIES RN . BAESTRKOFRLRT L
M 20 42 90 TG, EERAXI T IL T REKBX BRI, RE2E FSAEST KRS BT R
TREFFETAE, BE T ALREEESR A T 2 A STKENEE, BRERR EZFMEASCE,
MBI E A SR AR YA % 3 TE M"Y o RSCE TN D REIK BEIR H 228
BRAY T2 X, A BREKBHRRELERFIIR ERR, TR X EST K EZRELT RRKWAA TN BT
RRAREERNFOKER, XMEST R SWEESET W, N IZREREST K, RN TR XA
BRAKBTRIS NG FESTKE BB ESTKEMEMESTAE

RFHBLESTK, B FHITEN MRS AFRARAR, 82 S R A RERGE AR,
BRI B A T KRR L F KM T K B HAK TR BRI, [ 55 XS Py B A 252 A B A
R AT SR K. ABUA B SCIRBURT LI 3 TR A ST KB BAE — s E— K€ X, B
BEAEERSH PR SNMERE b rE — 2R, ST BRI SCBRIRE 4 X [ — 3 X AR A 25T K
BHEHEEER, AHZIE 1 ~2 MERE" . Bt £— AR, B e AT KRR R SR
AZTKETETBERAERNIRLE L FCANHEPESTRMZRERIEASRE TR KBS IE
FER KT EP SN R — BB S RS TR E N KT T KRR, T
TREME , AP K A RE MK, A KRS, TR ERTTE, o RRIEH T K A 25K
Bee R BTN R FRE ZEAREE LI IXTE B2 SRRt A S AL B3 T K AR B SR AR S R R, R RI A R
RGBS TR A TR K™,

2 EPESHKENITE Tk

ST TRETRRROEFAETTRENTE, TR FEMTIRBH PR KBRS 1R K30
JRAESFRFAR, R E T ARKITRE TS S5 EEA RS AERAEE , AR TR
LR T -

2.1 EBUEBL

PARE— 1 X R — R B B A T AR LA AR 5T K E BT S8 B IR BV B AR AT K &, T X 45 202

HBAESTKEZ MY KA AESTEKEE™ o AR N
W= W-=>Y Ar (1)

A, WA ST K SR (m®) s W, WEBEE i (SRR (m’) 4, HHBEA | ER(m®) ;r,
HRE | ST KER (m’/m*)

BOT A TE T 2R AR A B0 X SAB AR, 0 Bl KU Dbk, N TR LA R B R G4 N TAR SR A2
ARKETE . AT RREEESTK R R SR 20 R A FIZSBUAE SR A2 35T K E B, BP A E SN i
] B AR R — M SRR Bl BH AR K B PRI T S — X e — A A A, D
HEBHPEAHRE, UHEEMHOESTREFNRE, REEBANRENESTKE" . FLL,
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H TRRESFKE TR Z , &0 B RR G THBESTEKERRMENEN . BIiTREHEENTA
R A A K E BB E EER A DA PRk k0
ORRYE SEFR I E A RIS BV Y B9 2R BCR DL oK M & SR 45 67 Rl 3 IX BB 3 R MOR B E A R4
REMERTKER . BRIRESEBIFE AR AR IR B B L 288 (U1 TDP I i Bk R KR K B
(FEE) , KA A R A R R KA AT K E B
ERNEYFKE R R R L R <R X, R B A B RE YR Y H R AR, T B H R R
FORREL Y A KRR TR, BEMR I LUR BB R AR . X8k R 7R i ] _E 3 st da ok, SEl 9 BB R
SEREE AR A ESAESTKNERZR, B, EA R RE N ESTKER, R B4X 8 —E
K —HRR B RE BN =R, AT B A B AESTKER. Bl T HISREKNR
FRYE , X7 L 7E LR R R MRS B S B
QEB IR, W AEWE T H BEENESTKER, —BRTHTRIHE
r,= KK PE, (2)
A, PE A SRR E TR AR R, 1B i Penman AR K, WY R4 REYIRKINE
KE SRR RRFEE R HE , FAE R /N SHYIFSE SR FERFT MM SEROLEA X, KB
K N HHOK T BIERY, SRR T EITKER R, MRS, <S < S,
K,=In[(S-8,) 7 (S8,-8,) x100 +1]/In101 (3)
A, S HHEELIREKE S, WHRFETKE S, WHRBFFTKE.
FHUK PRIV GIALE K X R, R IE0 H IR PERAER RIS, B EE 7 UG RS kR
(S,) FA KB SRR (S,) 2 R REIRIEAM AR A A= A7 FIE 3 A2 I B9 3R 2 /K B T PR, 7T LA A8 R 9 Ak
HRE K B A IV AR B B ME AT K EBAE A ST ER. MBS 488+ BEHX AR %
KAV K 3B, LA B e/ ME ST K E BIAE HA ST K EBHIE K S =57 S =S AAK(3) , 157
AR+ EEATRRL K B TE R Ks (8, A% S LT R A A Tk BB ITR , X4 A9
T K EENTHE 8.34% B9E MO RIERIMAREREF R TN R E T KE S BN RS &8
HTLE 14.4 % BE A RIERIBARIE ¥ A KA KBRS K& S, FHBW S, W THEE3.56% , BLS,
v IR K2E 75% ARAK(3) T8 2R R + 88 5 1E R %, FE A 2K (2) 45 H RIBRAR B B /AR 2
FAREBRAEEESTKER. FREX (D) HRAIE L R X ReE RN FERERZ(S ~10 A
1) BER/MESTEKE N 420.3 mm, & HA KT KE N 506. Tmm; R F FARK R/DEZFTKE N 602. 4
mm, FHAESTKERN 730.4 mm, LhE, HRKFIBERBSEKENRXRABREXMEE HYRARRES
ER X H AL, 7+ ZK B IEREEIHE PR T UEE,
BB S IR T A S REN EBK X HI— R AR E T, BN G% 58 T YRR ZE
5, A R R SR B A ST K B2 S R E F AR T AER T AR . BEix—
77k BTN RGN EST AP ERR TEEFNNA, BTRETEMX b TR RE LR
FHRA R BRI — KIS N — E R B2 BRG] 8304 8 SO 20, T ERA B i
BSE BT FE R 5 75 K A v M X 07 T RO BHSE T AE , B e e AR S A IR 1m 3K 3] 4m B, AH 8 R 20
1.98 B/h3) 1.0,
2.2 WKERE
TR XA EZRE T REBAE NEMT IR R ZE MK, 787 KA 4 LR R
B K i BT UK AR B , TR M A K B 3K e RO BUR T K 28 R B /b, WBEREI = TR R
B, YR TRIERRN , MUBRZELBERFRE, DRGKE AR AL, KL
SR, HHUK R B HEARCRIE = H ST . B DIRIE XK AR K BT R R B A AR
FTRE, AR EPEREER — T KA B AR e LA T KA B9 K 28 % & S RE BEXER T
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BIERESTKE, SFEBESTKEZN, Iy X MR ST KB E, HREAKXA:

W=YW=>3 AWK, (4)
W= a(l- h/h,.) " Eq (5)

R, WAHHEEAESTEKEE (') ; W, WA | ASEKE(n’) 4, MHEPER i WEH(m’);
W AR i BT AL —H R R A ER A R K R R 8 (o’ ) s K, N R, BAEEHmB g KkELE
SRR EREZ WE, ¥ HREHE a.b HER REGH, AT KA KL (mm) ;A K
FH R (mm) ;Eq 4 601 B L MKHHEE(m’),

HT U PHEEERESERMVZANXR, FEITEVLRERASKHRI A THEENATSENEEK
BT WAEH T K, TR ZHeeE ™ s R B FE e i K 2R R R — T 4 B 373 5k A R B A A
BFKE. BEX REEMYA KM T KA RROBIGE, BT KA FRERS m DT A A A A
M RRE T, TR AR TR A KR B, B, 28 7 KR 5 m MR R A BA S TR YRS
EEBEHEAN, TRBHEREEEHSEP RHNEKEREAR, MERAASESTEKE; b EE
FIRTAL B 2B AR E T BRI P MR E KR LR E , TR T M R 4R A B A 2 T K2
2 ~4m BHYAERE KRS H4 0.87 x 10°m® 1 8.36 x10°m’,

EAKBREEST T RR MR BRI T T K>S 72023 s PRl T2 H
BB HORBUE R T 2 X, Wil R G B AP RAMBIE R ERKNAERTKE, BRZFE
HFHARXE. B SRR FE, SEBUEBAR, TTESE RS 2B K, B8 SRR RAR KRR
VRS H ST BRI T HREITENSEREBS%

2.3 ETHYEBKENEEERTKEITEE

HYAEHEA KRR T HAR D ERFEREN KRS HAEFMER, MEAYNARTFEKE L EREYH
ZEEAEF BT IEAE, Rl B T B R WIHFE R B K 2. B AESTKET U EEES T MR ZEBURFEK
Bk , Ti— B R0 Seat A PG K B R 2R/ MY —3 AP i Ea B — A A . TRy
RERITEEFERAR T E RS HE R Penman A3 75 Hargreaves Bk,

2.3.1 HHFEHEE (Penman) AR E

TE BRI ESITT Y B ERR EREEHEY LRTE KR, FFUE N LT K EENEREST K

UGN B R BT E BRTE AR REHEE R 2 8 AR (Penman) , Bl
ET,= C[WR,+(1-W) f(u) (E,-E,)] (6)

K, ET, ABARRE (mn/d) ; WA S5RER RWIE R C AMEA R SRBERIEMBIrEfEH
HHEIEREGR, HIRFERHERBMTAERINGENE (mn/d) f(u) BE5XE v BREEEGE, -E AT
KB, ZKWEAKKREE, 5ERFRKREE, ZZ{EH (mb),

YLK BRTTEASL N

ET = ET, KA(s) 7)
AW, ET AHEYERFKE (mo/d) sK, HHEY R YR AR EZTH BN, 29 AR
BN, PSR, B BR T 1.0, —EE IR B /() M B E R, EEXTEREZF TRAT AR
B A(s) FER B+ HUK ARSI 2R B mEm
L o9=0, 0t f(s) =1
0,<0<0,8  F(s)=In(1+8)/lnl101 (8)
6 <0, B} f(s)=aexp (6-0,)/0,
A, a NEBARE, —MB K 0.8 ~0.95;0 HELFRFHHIBEKE; 0, AT BKIEEEKE; 0, 81 E
KB FE KR, SV K AR E RPN B LIRS KE, NBRTHWRERE, EE —RKIBAFK
B IR KRB EAR G Z R T X R R ERRN . T A RESGINEZERE AP HiA, A%
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LRI — X LR ST K BIF T, MR B R R B, A 25T T i R B i 3= 2 B KU B YME B IE
WHERKEAHT, &R 1 EZm R AR (8) TR 251 % : $i#E% 0. 62 . Y E 0. 62 . #42 0. 76, H
0.74 AZM 0.53, XX F ot it X A TR RAH B FT K EFKESRKE, 455 SHEIFUKRREMES
I

— R R 8 AETTE R T MUK VAU  Tom R EEAA A TR T KR, BE g
MBERTRKE, FARBEFEDEFER ARERBNLRESTKE, BRZTEFEFARE TER
LR E B R R , b E RARFERIEN:, TR Z T T BN SR R—ITB RS B A &
HTFHEEESTEKE. ZEAXESEBRLZ(WEHHSB.H R XE EBE . KHESSE) , MRETE
AT EX BHATRER A RBOB N SR S AXA R, XA — A 2 X B AERTKEFT R —8E
X, AR B M 45 RWA M S A E .

2.3.2 1RYfE Hargreaves HILTT A RMEGR AR

22 ARF ETWIHTERS[LERE X, ERB T AR KX AR RKEREIHED T KEN
B, AT Hh— R S ERENIN , AR EE LS. BT RERE RRHELR,
A} FAO #e#H) Hargreaves BRI EMBHZRAE N ET," ., BT ENBENSLEZEASE(E
FEEEMERRR) BB KBS, Hargreaves BTHE AT :

ET,= C(T,. -T,. )"’ x(T,,. +17.8) xR, (9)

A, ET, h7EBRES (nm/d); T, T, W HERMHRMBEIBR(C);R, ARXRXEHH LR (M
(m’+d));Co BFEHLAREY R, L) mm/d K87, C, = 2.3 x107° T4 R, i M/ (m®-d) KB fid,C, = 9.39
%10 ™5 (T = Toin) BT AT HBZAE 312 VT FIAR SRR KD, R SR K IR 22 KNI AR, BE R B ( T —
T o) R, T BA R AT IR /N5 T e 0 H I RIE(C)

& ET, J5, TR AEHRBEASUTERTEAE R LR, AT :

ET = ET,{1+ P/ ET,-[1+ (P/ ET,)"]""} (10)

AL ET NFEEAAGEZRE R & (mm) ;m HRAE T EREE KN MR EAY SREN S, — BB m =
2;P Xf#/K & (mm) ,

RN mEgE LR, AT B RAESTKE:

W = 1000 - ET - A (11)

R, WOk E ST KR (n’) ;A R ATTER (kn') ,

FIF Hargreaves Bk, 4 2 3 ™ T3 H 2 {07 o S bR o A 25 B 4F B0 (7 T AR R & B 40 B2 412. 4mm A
167. Smm , FEMAEE HAKH A E AL TR R HIE 4.08 x10°m’ f10.4 x10°m’, WHELBREERT T
T Kt BRI LA BB AR , R X FK SR K AR ARA S B, LHETREXX
SRR, BT B, FERFEH T KA, BHRITERRASAESTKE BN M BAE KT AR
KA EHRAERT K, X2 Hargreaves BT A REH,

HEMYZRRR BN HEERARE, WS ZEB 0% A Bk Kb ik Y B0k BRI
BARE, AMERARMFETTEEYZERR R, B THEAE A 180 m AR S, kR ZEB L
BARTRENEBEEBAE M AREN RS R P SERE, BT RESROEE, BeXNREMgEES
T KBFEIR LB 55 1 SRR B 00 , A2 i W DUl B Bl P ek & IR M g AE BT/ K &

2.4 KEFHE

BB, XA AT K R R4 A ST EE, TEZ XA K SCIE P o 72 &1 383 frte
HIAE LA XA IR 3015 Z8 4k me B B 58 RAFSE A B AR 5 T UK R AR . TR K EE
FIR(HT K AR RE T HK) TR R UK FA—ESREP ARG EKSFIAMERE LR,
MEFTEARTKZREE, B, RAEEKSEIF K& P40 ER L, JHR KSR AR R A
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HARF, A BE AT F AT K, A P LRI ER A FAMNEEESY . Rk, MEERE
JK B — 5 BRI, BT DLARIE A () X S5 iy S e 2 30 (o H Bl 4P 0K . B RUET TR B Bl P bR SE ) #EK AT
1iE , 25 A MK A + K BRI A&, R AK B P s e ATk &,

RS RGER - 1R E RS, N ZREIKEPE TR, R — 1N ERE%NZERE, AE
BB E N i BRI S KB N B A R B AR, ERAN TR BT, -1 ER%
KK B ERRTARRA:

E +(W, ,-W) = (P+C)-(R+D) (12)

KHLE e 3 e +1 BV BOEGZRRE ;P AR ;C MM T KANA &R WHMBRKE ;D AT AKE R
;W o B IEEKE; W, e+ 1 S KE; U EEBIBAAE mm, Hrr 7830 T KB RE
K, C D ARt

B F HEE KRN AR R AR B, BoB % AT M & P HEFR LRI AR Pay
HEARXINT

Pa,t+1:K(Pa,t+Pt_Rt) K=1-EM/ WM (13)

KH,P, A% ¢ HWEHHEERE (mm) P, ,, 4% ¢ +1 HERTIR MR E (mm) ;K 5 HEE/KEH H
THIR RS REG P, R, 4750 ¢ HPEMEMARE (mm) ; EM i H &SR §87 (mm) ; WM i,
BREKE(mm),

W E P, BIEIGERN , — A BB — B B, W4 P, =0; 5 —GRIWGRHZE, 4 P, =
WM, BT B4 W( W,,.) = P,o

WEEE P BRI TEREYGEKE ST RMEIES MEEKETPEXR, U XARITEHE
PROKEZ G, U DURE SR A SHE KR, XA WT:

Q. =PA + RA, - pAH (14)

X, Q, HHFEKE (mm) ;P R 2 HIRAREKEFREKE (mm) 50, 4, 2 BIFRRSEKMBEKE REG
p FARGIKE ;AH R T KA BE I8 (mm)

BZ KBV EER HiEsASTEKEHTERE AN TELZ —, WEGE§ BB BN ESHER KT
B, BREASTKERFERRA L METFE R CR, RERBUE S RENT KR, [REE T H
BB RKBEARE L, YtZ AT REABHA REGEN FRAKTIEZ —. BAREERERE BAN,
TR R ALY M B A I A R SERR MR B, AT, KB PR RN R RAMBESRE L
RFBHRKRER, RUASRENAARERFTK, BAE NES RGN ST REXF K 737 K /4 Bk
BASFK BB RAEASHN—E, FKEFEEE R &K ATR, 3 AEH 5 E TR 2 1
BEMER , X W XIS g STFKERNHERE
2.5 ETHEYENENTF KRR

A Wy B R K B A B R K S B s AR R, AR TR K W AR W Ak 7 8 DL R HOK 43 Bk
', MARRRESRETE KSR AMERE AR, W R AR BT RN TYRER L. B
M BB ATEAERE KR EEY THUTARIE:

E = YA, Q. X, (15)

XA K | BRI RER (m”) , 0, | BB RE A=, BB B, Bz Bt 8] 3 T 4 R
MER(g/(m’-a)),u i EEYKIFERE, ZREMEHMEB EAFN TR SEBFKZ T
(g/kg) o

YR NS BN AARER R M5 7E BRT R, — M R R T 3 EE A, WX T &R fh B ERA
%, BHTEYENAGEE RN, RFRRRNEY R, BB Ko R B0 b LU R, By
EEIN AR —E R, BEZTENT I AERE T IHREST KRR, LHEES BREARES
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Yy BB R R , X — 5 B AR B AR R
2.6 ETEBEREAMHEBEESTKEITEE

BT BT R kR TR A KT KXo e, S B AT B . CIS(HhEFE R RS ) KHM
LM RARL ATEREPERTAE™ . TEBERN . BEANMBRSE CIS IR FESH X, RIGETE
DGR 5KFER S X BN e MBS RS X E R EEFKER, B0t S0 K 5KER
SrIX B ES IR RE 6 2R , ) AR AR /K B TS B AR E BB , FF LA IR 3 T5 HEAT MK P4 234 FUK B VR A4
ST, FEUCERE_EARE ST R B A RIS A R % A B T KA B IR M 28 B Fv k8 &, A
sk X R AE ST AR, HEARNT:

Q=30 (16)
Q;=0Q,+ 0y (17)

HH,Q NI AT KE; Q, WHEEHRE | FASTEKE;Q, WHEMAE | WHEREREBE; 0, W
HE i R R R

ET BB AR RSB E % B i vk, B 5 8 1 32 At K JE FE o
FRERE R, ARREENSXBMEERE (FK) TR EEISRRZ. BRIEHE AR RREBMAE X
1 % B RERIAN O v, H A B e R B R R BN BV R AR . T MODIS JE RS N B 4
PR RS BR B RS BRNE R, EFERATRRE KNBERENAEE L &ITE, K
W& AR B REARBENEETATE T BRI TR RAMBESTEKE HITEERSHESE
BRI T WE, AN ZEERESHE TN, T NARN TERRH TR WAERTKEITE, &
S st R A 3S HR SEAME T H I EHIGS AHTT E , I EE STRH — k8% NDVL A7 ) e A%
HHXR TR, TR THFNRESHEEIRESTKENEZT BRIRR A= DK EN N AESTF KR,
GREN ARFF NS IR E K E N 1.53 x 10°m’ , F B IA KA gk 2 B B B & i 4 7™ Sk P i
HEAEKBRR R 3.49 x10°m’, S ALEr B 1B SMAZ VORI 250G b, LA RS 71 GIS H R EHA
F B #E H REVGINA R R B E R 35 A R g B A A FORES, 7 8 PP g 25 B A T /K 555
PSR, M 4 B iE R AR TR HE g R ERERE ;A G AARME XA TR 5 R EREY
BHBHRFTESD - EEREBESHABKE, ERE, RUSHINEBERKESTERKESN
1.4927 x10° m’ , T H AT AYAEAS FIAKE R 0.3525 x 10° m*, MBAESAKMERE, R T REISHM A
ARFEW H 2%, RAMiEAERA THERRXKAEAR 24095 &, BRI AR R ES T, A% B
B A —E R B
3 HFEMNRERRRRE

() FEKFREE T ERE BB BN TRETREEX , BRCE R DEMESTE KRBT E Y
B (B 3 LIS EE TR LR IS TE , I _E PP MRS ARG — R , (5 B F A TR MR E IR R ik T B
GEREINT, FEARR DR MR AR RE R T TR, M ER T B A ST OKERETEY
FAEE IS K

(2) T BB AR AERT KRBT ERBSIER eI FHEH, Bl TR 0N P3R5 75 |
SERCPE R (R R BB SR BB AR B (R, T R R A R R B, A REAIE KIS A B SN0 (e T A& T/ES A&
X, IRBUEEBERRIGTOR, AN KRR S — R BB, KB ERSEMTE, KRNAE
SRRA3S” FEABREMNFEE , LLISHEH A RGN SIS, 20 P,

(3) BRI WA B R AT 5 XA g A= T K R 22, T MO AR B HH 2% A A e A B /K A
B RRE D, BEEAEEY AF B K BEN A EEE SR, B T & B AR A4 B
1iF , BE/K HLER 22 BB K, LK MBS JER R, B2 R — X3, 4 R BB B 6 B, AR SR K I LA R, 3t
BT EAR R BB UMD X B, A BB R R AR R RM T KR AR KA 55T g A 7S
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TR BT R RS o NARIEA R X, A FEYIRE A RESSTIGIT BRI AT, RE
BEEEYR AR SRR, T RN RIEE X EET A BEME ST KER R R ETE,

(4) 87T 53X I P KAV L 7 K 8 2K IRIT 2 A AR R B 8, 72 40KR R RYIR OL T ol
o, AN+ 5 B 7 BRI IR 7o BT ARIK MBI KBS TR R R AR AT KE
I}, DL AE B A S RGEK ST 73 B 7K 53 e U8 B FL A AL MR B s BF 5T , X 3 38 8 K o B9 380 F 3R i
HRR R PR B A
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