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Abstract; Evapotranspiration (ET) from the wetland of the Yellow River Delta ( YRD) is one of the important components

in the water cycle, which represents the water consumption by vegetation and evaporation from land surfaces such as the
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water and bare soil. Water shortage reduces photosynthesis and, therefore, the growth rate of vegetation. Healthy and
abundant vegetation is necessary to protect the wetland ecosystem. Reliable estimates of the total amount of water required
and of actual water consumption by the wetland are necessary to protect the YRD wetlands. In this study, the SEBS
(Surface Energy Balance System) model based on the Energy Balance method was used to calculate daily ET using
conventional meteorological data and instantaneous observations of land surface reflectance and temperature from MODIS
when the data were available on clouds-free days. A detailed vegetation classification map was used to identify different
vegetation types to parameterize surface roughness. An algorithm based on the Fourier transform was then applied to generate
a time series of daily ET over a year period by filling the gaps in the calculated daily ET time series due to clouds. Annual
ET between 2001 and 2005 was calculated after filling the gaps in the daily ET for each yearly data set. The estimated daily
ET was validated by comparing the ET over open water bodies with the pan evaporation observations at meteorological
stations. The error of estimate of the monthly ET was 16.4mm or 11. 9% , which is comparable with the accuracy of ground
measurements. The ecological water demand by Phragmites australis including Phragmites australis-swamp and Phragmites
australis-meadow which is the dominant wetland vegetation and the amount of water supply to maintain Phragmites australis
in a good growth condition, were evaluated for the period between 2001 and 2005. The ET in the areas around water
bodies, by the sea shores and the Yellow River former channel and in the swamps near the banks of Yellow River shows
higher values, while the ET in residential areas is rather low. The yearly ET over different wetland vegetation types shows
varying values ranging between 671 mm and 1017 mm. The interannual variation of the total ET is not very significant. The
highest monthly ET is observed in May, June and July, ranging between 110mm and 120mm. Most of Phragmites australis
wetland was affected by water shortages, with evident impacts on growth, from 2001 to 2005. The situation in 2002 was the
worst due to less precipitation while it was improved after 2004 since higher precipitation was observed in 2004. The amount
of the required water supply in 2002 was the highest between 0. 099 billion m® to 0. 319 billion m*, while it was the lowest
in 2004 between 0. 03 billion m’ to 0.239 billion m’.

Key Words: Yellow River Delta wetland; evapotranspiration; ecological water requirement; remote sensing
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N 7K AR Inland water

Ll Bare soil

2 Brine pond

B Cropland
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Fig. 1 Land use/cover classification map of the YRD wetland
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Table 3 Monthly conversion coefficients between 20m? evaporation pan and E601 evaporation pan based on long-time average

3H 4 A 5H 6 H 7H 8 A 94 10 A 118 3~11 B¢
Mar. Apr. May June July Aug. Sep. Oct. Nov. Average

WHEARK

Conversion coefficient

0.93 0.89 0.92 0.94 1.00 1.04 1.08 1.05 1.08 0.99
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Ecological water requirement standard
LB RG BRI EETRER
Status of ecological system health Levels of ecological water requirement g
= =
‘ ANt Unhealthy | I T F B Less than minimum ‘ g s
|
| FLafE i Basically healthy I £ /N Minimum ‘ - § § + ﬁ g
%3 Iy
18 =
| R AP HE Well healthy I #H Good ‘ # 2 He
£ g
<
‘ HAEfEEE Realistic healthy | PRAE Excellent ‘ —2 53]
Q
=i
‘ FA R Basically healthy | R Maximum ‘
‘ A Unhealthy | KF_EFR More than maximum |

B2 £ERGERESTEKETEKIESHIKZFHRRER

Fig.2 Relationship between ecological water requirement ,ecosystem health , ecological water consumption and ecological water supply

®4 BEAZMNBHESEKEZISHY
Table 4 Levels of ecological water requirement of Phragmites australis in the Yellow River Delta wetland

=<3 B I = 3
#E (%) B (m) YEHER(hm?) PEBA e (mm ) AR (m)
5 Level Vegetation coverage . Phragmites australis Ecological water
: Height Area ET i
Fraction level requirement
/) Minimum . 1)Ax10
B/MM 50 1.5 A Iv 1000 (1) 4+
iddle ~ .5 ~2. ~ 1~1.2) Ax10
AR 4 Middl 50 ~60 1.5~2.5 A I 1000 ~ 1200 ( ) +
0 ~ .5 ~3. ~ 1.2~1.4) Ax10
£ Good 60 ~ 80 2.5~3.5 A o 1200 ~ 1400 ( ) 4+
xcellent .5 ~4. ~ 1.4~1.6) Ax10
AR Excell 80 3.5~4.0 A I 1400 ~ 1600 ( ) 4
aximum > 4. ~ 1.6 ~1.9) Ax10
BAM 100 4.0 A I 1600 ~ 1900 ( ) 4+
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HK G TR K B S5 AR B, E601 7 & L& A9 STl Bii Wi 33 19 20m” 2 & L T (R MK B & BT
THESH(E2), HPRERKEAEFEI ~11 AHMARRE(E 2a),

HE 3 i, BREBMKEERLR A FHZERE SR EN B0l ITRBFKKERRBER T, WENY
F#R iRz RMSD 2 16. 4mm , P 4a %4 F 43 HaiR 2= MAPD 24 11.9% ,FER RN 0. 85 4R BB S RE W
E601 Z& & ILWLII{E 37 55 B 7K T 78 K 804 9 3% 7 iR 1R 2 RMSD 2% 48mm, V¥ 28 3¢ 5 43l iR 22 MAPD
3.8% MR FRECH 0.76, H L] B BEREEARFFE LRI

RMSD }; MAPD %Gt 8WitBEAREKEN:

100w | P, -0,

MAPD = 0y 1T Z il (17)
n =i 0

n 12
RMSD = | L5 (P, - 0, (18)
n =i

K, n WEEARLG P, AEEAE; O, WNE,
3.2 EW=MAWRBAHENE R
3.2.1 ZEEAEL
B =M PR E = A A E (B 4) TTLUE H B = AP X 2001 ~2005 4FH94F 28 BLR 19 = 8] 2 A
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Fig. 3 Comparison of water surface evaporation between the estimation by SEBS model and the calculation from E601 evaporation pan

(a)2001 ~2005 E£84E 3 ~ 11 A AR EZERELE(b)2001 ~2005 FEHEXRZER LS (a) monthly evaporation (3 ~11) from 2001 to
2005 ; (b) annual evaporation from 2001 to 2005
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W 1100-1200
8 1200-1300
R 1300-1400
N 1400

2001

0 10 20km

2005

B4 2001 ~2005 SEEF= A WA RR K =R 5076 &
Fig. 4 Spatial distribution of annual ET in the Yellow River Delta wetland from 2001 to 2005
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Fig. 5 Evapotranspiration from different land use/cover classification in Yellow River Delta wetland
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Fig. 6 Annual variation of evapotranspiration in the YRD wetland Fig. 7 Mean monthly ET in the Yellow River Delta wetland from 2001

between 2001 and 2005 to 2005

B = PR K A T R E B W FEKENA . B 8 T LLE H B = A Y 1B 3 ) P K B4R BR 8 4k
BK,2001 F1 2002 4E K /D, 4 FEK B 43 B A 434mm F1 389mm , T B KHR 7 A M ZE BB K TR E
BT RABFEKERTZEBE, 2003 ~2005 £HFEKEHNEL,RB T 700mm 24, FEKE HE KM A HE
H7E6.7.8 Ay, FIEHERZERE W KRWNS ., FEN=ANBHERREKE D> FHEXRTHKE,
XA B REY A KA B, LR K T BN E BN,

3.3 AXFAE

FERUEBWRDEERESHFARI R FFERRREE X, BER 4 TH, FEFEREBFEKETE 1400
~1600mm FEHLT , HoK - RILEBEH R EAEKWTE, MY EEEBFEKESE 1000mm LU, B 1
BB K R BUR F A 3B AR K B/ MR K&, F A FHACRES, B RAKZ R Tk 5 6k m , 25 A Kt
#HFKS, FERA T BRI, RMAENEREBERT 1900mm MEHR T, Kad 2, A bBSBMma A%
MIEFEAR. B2, NFERZEEEEKE T LI R KRR S T AR R BN IEF AR,

FRYEE B B A 2001 ~2005 4F B = A PR E , 7T LU Bzl X A E A DL BEENAR
FOKBRER, IHRIER 4 AN ELH TR (B 9 FE 10) . NEIHTHERKRE, BRI =AWBHSFE
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Fig. 8 Monthly ET and precipitation in the Yellow River Delta wetland from 2001 to 2005
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Fig. 9 Annual variation of area percentage corresponding to each level of water requirement calculated based on ecological water consumption for

Phragmites australis-meadow over the YRD wetland from 2001 to 2005
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Fig. 10 Annual variation of area percentage corresponding to each level of water requirement calculated based on ecological water consumption for

Phragmites australis-swamp over the YRD wetland from 2001 to 2005

AP EEFERI ST EACRES, R AR AT AMERCRG, JLHAE 2001 421 2002 48, 2001 48,4 75%
B R 73% B R EENASFUK R FERMRMKER 1000mm LI, R 25% §7 EE A
27% B HEBERBRIEIE R AR, 2002 4 (G0 E AL, A 84% B R MM 72% B7 FIBEFLL T8k
KR, U 16% B R A 28% B FIRFRBMRIEIEF A K, 2003 FELUG, 7 FEA M EHEEER
BETRE, B T 2005 4, PR E 4] H 2001 4FRPROLBUERER S, R RERNEEREE Y BE , F 40% Ky
FIBELLTHACRE, T H 20% B3R EEL TN HERCRI . XFEZRH T 2003 ~2005 4F R FFEKE

H 2001 4F1 2002 454, P IR MR R R T RAFRIRARIA L T H 2002 4E LU, W =M 8
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2001 ~2005 47 M EARFEEL LAL KB4 IS B R (3R 5)

£5 2001 -~2005 FEA=AMSEEAMEEREERSE(S ~9 AR) F£H LAIHEREL
Table 5 Annual variation of Leaf Area Index of Phragmites australis-meadow and Phragmites australis-swamp in growing periods( from May to
September) in Yellow River Delta wetland from 2001 to 2005

&4y Year
AE AR Vegetation types
2001 2002 2003 2004 2005
P EE 4G Phragmites australis-meadow 1.3 1.1 1.3 1.6 1.5
P 3E B Phragmites australis-swamp 1.6 1.2 1.8 1.9 2.0

BZ,2001 ~2005 4FHAR], B30 = AW BRI EEM T MERE, FERBNKE BBRET —F
F SR , LAJE AR B B0l b i — 255 P 3R A T AR R R
3.4 AEBHKE

M 2001 ~2005 4F B9 722 4 BAEACIRELET LAE H , B0 = A U B A KRB IEFE AR BT e (2 2
P58 RER S PR IR HIAL T /K 4 6 Z Bt , B B AR B — 2B IR &, MITE 3 77 R HEA T K

FHAF 5 T A AL T HACIRAS BT ARVERZE 60% LA b, B 6T L, 25 X A AT IR A, W 7E B AT ER
REGER_E X B EARTHK, FEEANESEKESESHKEBNZE6 fin, HREISENR/D
HRBKEN RN KT, BENKEIERFR, 2002 £5%L, % 8.4 x10" m’, 2004 4EH/>, K 2.5 x
10'm’, HESEHESMKEHENLE 6, KRR EEMKN EIARSHE TR, 2002 F£RKD>,BTR
4, BT BT RAKE MR, BT AT KT KRB B K, 1 2004 SR REK &2 L0, (515
KR BEHITE/N,

FERFESAEEGML, BRE/MZ, BRERXNER =AMNEHRENENEHEL RIBFRERE
BEBEMEMR, RIKEHBHEEHERE, FEEERENEN =AWLXNREEZRERER FHKES
BT, TS, A ERENAESFKRSESIKENE 6 Jim, HETERFHERER S ER/ME
TR EXTHR BV G KF,2002 £ 75 IR ERESMHKE N 1.7 x10'm*,2004 4E £ 54K E B/ N 5.0 x 10°
m’ (£ 6), FEBBESMEREFEPUKREFTHBUKH R, KRR KA MK A TH K, 2002 45
HIM =AU X MK D>, Bkt 7 BRIt FH K ™ B RS, T 20042005 4F 1% X ) RE K F
EURRAKERA BN, B0 TR X B K AL, AR R 2 X B AR BB BT B T BT KSR, ik A
THKEBL,

4 Fit5itig

A BB B R HE SHAESTE KRS S, IR B SR K R B R E TR ek &
AR, M AE R RER P SEHAESEME. REGRIT:

ERBUEST , B = AR AR B 8 B A B A AR 1 B SEbr D R ESR . BB A KT
AZEBSHRZNMUNTTBRRNKERREHHEAZRECH 0.85, ¥R i%2 RMSD Jy 16. 4mm, FHHXTE
4y HeiR2: MAPD 4 11.9% , 3B/ fh B 5 S 24— 3

R = AR, B T &R R SR A IES ST AR NEEEKEY X LESKEN
R4k, AR X IR N ZE B B A R A A 35T, DA Bk 7k JR) BB i i 2 B B A K, TRV M I L AT G A
R R R ERR R R BRI, T i 8 R SRR E BN B R ECE AR BRI
BBE VR S S A R - DR R SR RIARAR R A

B = AR R ENER AR, BAREHHFE— A HHEBEEHENZR, B =AW
TBHAE R B, B R EEPE3 ~10 Ay, HP5.6.7 BHEBERK, EEA 110 ~
120mm Z 8], 11.12.1.2 RHZEBE RN, 7E 20 ~40mm Z[5],
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:6 2001 ~2005 EHEFEFMFERRHEST KR ESRKBURERKE
Table 6 Ecological water requirement, water consumption and water supply of Phragmites australis-meadow and Phragmites australis-swamp

from 2001 to 2005

EE YA P 3E1B¥%E Phragmites australis-swamp P ¥ E ) Phragmites australis-meadow
Year Phragmites Water Ecological (x10%m*) Ecological () Ecological (x10°m) ( x10 m )
australis supply wator ET ' wator Water supply wator ET ' Ecological
recovery area requirement consumption supply area requirement consumption water supply
2001 Iv 58 0.58 0.43 0.15 227 2.27 1.73 0.54
il 58 ~74 0.58~0.89 0.43~0.60 0.15~0.28 227~275 2.27~3.30 1.73~2.26 0.54~1.04
o 74 ~79 0.89~1.11 0.60~0.67 0.28~0.44 275~300 3.30~4.20 2.26~2.58 1.04 ~1.62
79 1.11~1.26 0.67 0.44~0.60 300~303 4.20~4.85 2.58~2.62 1.62~2.23
2002 Iv 57 0.57 0.4 0.15 255 2.25 1.71 0.84
il 57~73 0.57~0.88 0.40~0.58 0.15~0.28 255~289 2.25~3.47 1.71~2.08 0.84~1.39
o 73 ~79 0.88~1.11 0.58~0.65 0.28~0.44 289-~302 3.47~4.23 2.08~2.25 1.39~1.98
I 79 1.11~1.26 0.65 0.44~0.60 302~303 4.23~4.85 2.25~2.26 1.98-~2.59
2003 Iv 59 0.59 0.45 0.17 230 2.30 1.68 0.62
il 59 ~77 0.59~0.92 0.45~0.65 0.17~0.30 230~280 2.30~3.36 1.68~2.23 0.62~1.13
o 77 ~78 0.92~1.09 0.65~0.66 0.30~0.45 280~298 3.36~4.17 2.23~2.46 1.13~1.71
I 78 ~79 1.09~1.26 0.66~0.67 0.45~0.61 298~303 4.17~4.85 2.46~2.53 1.71~2.32
2004 Iv 36 0.36 0.31 0.05 196 1.96 1.71 0.25
il 36 ~66 0.36~0.79 0.31~0.63 0.05~0.16 196~279 1.96~3.35 1.71~2.61 0.25~0.74
o 66 ~77 0.79~1.08 0.63~0.77 0.16~0.30 279~298 3.35~4.17 2.61~2.85 0.74~1.33
77 ~79 1.08~1.26 0.77~0.80 0.30~0.46 298~303 4.17~4.85 2.85~2.92 1.33~1.93
2005 Iv 32 0.32 0.27 0.05 203 2.03 1.71 0.32
il 32 ~61 0.32~0.73 0.27~0.59 0.05~0.14 203~280 2.03~3.36 1.71~2.54 0.32~0.82
o 61 ~77 0.73~1.08 0.59~0.79 0.14~0.29 280~299 3.36~4.19 2.54~2.79 0.82~1.40
I 77 ~79 1.08~1.26 0.79~0.82 0.29~0.45 299~301 4.19~4.82 2.79 ~2.81 1.40~2.0

PR AT K E SR A KRR B EOIREUA 2%, 77 F AR & BAREA F4FE 1)
SKEHERWARMAR . 2001 ~2005 5 H0], KM F AT HRACRE, P HEERLA T AMERRLR, L
H 2002 48,2004 SEAE B BB, 2002 A KBEK, 9.9 X107 ~3.19 x10°'m’ Z Al , Hp P 35 1RE
B/MKE N 1.5 x 107’ , PR A B/ KRN 8.4 x10'm’ , 2004 SEHAETSHK BB, K 3.0 x 107 ~
2.39 x10°m’ Z i, H P ERFENR/MMVKERS5.0x10°m’, FHEREM R 2.5 x10'm’ . X H@IHEITH
ZURNTAKTEES B LERKEFEMER, BEF B EERRERFTRTR KRR UL ER
KPR DL, RN R BE5E 18 SR i B DA Bk o0 WO AR 45 O T B R, BB B R DL 45 B AR A TR K ARRAE , R 3
il E R B AT 7 s B R KA K &, DU BB R DB K IRR E R T BES B 7 61, 4R R K
TREFIRRCR, RN ESHREE R T RHER,

IR AT K B BT 24T A R A S RER TR B AT BN #7509 AR RE N K
B SHKRIRIDROUER RAER R LERA K B BT AR A, i T 6 Z SEil 7R BL B e , ASCURI A
KGR MR R E BB BREEET BRI, (7R E— PR . BN AR MEHTKES
BT T H, B X TR OK B U KB S Yl B TR B BT 4T, OB UGB K TAR #E— 2215
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