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Evapotranspiration estimation of Phragmites australis wetland in the Liaohe River

Delta based on the improved dual crop coefficient method
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Abstract. Phragmites australis wetland in the Liaohe River Delta of Northeastern China was selected as a research object.
Based on the dual crop coefficient of FAO-56 model and the observed data (including flux data, microclimate gradient
data, water evaporation, growth parameters of P. australis, etc.) in Panjin Wetland Ecosystem Research Station, the crop
coefficient (K, ), the basal crop coefficient (K, ), and the water evaporation coefficient (K, ) were calculated. The diurnal
dynamics of three coefficients and their influencing factors were analyzed. Dual crop coefficient model at hour scale was
established using the biological factors and environmental factors. The results are as follows; (1) In the initial growth stage,
the diurnal variation of K, and K, showed multi-peak fluctuation with higher values in the morning and evening and lower

values at noon; during the rapid development and stable stage, the fluctuation ranges of K, and K, were smaller in the
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daytime and larger at night; at the end of growth season, K, and K, fluctuated greatly at night and presented multi-peak
curves in the daytime. K_was smaller in the daytime and higher at night, with the daytime values in the initial stage higher

than those of the other stages. (2) The correlation analysis showed that the influencing factors of K, K, and K, were air

b
temperature , relative humidity, wind speed, plant height, and leaf area index. The dual coefficient model was reconstructed
with the biological and environmental factors. Thus, the simulation of the evapotranspiration in P. ausiralis wetland was
improved with the determination coefficient R* reaching 0.894. (3) Using the improved dual crop coefficient model and
FAO-56 model, the evaporation and transpiration of P. australis wetland in the Liaohe River Delta were simulated. This
could solve the problem that transpiration is unobtainable from direct observation and improve the accuracy of

evapotranspiration simulation. (4) We adjusted the constant value of P. australis crop coefficient recommended by FAO

which was more suitable for the Liaohe River Delta wetland.

Key Words: Phragmites australis; wetland; evapotranspiration; dual crop coefficient; simulation
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Fig.1 Locations of the research station and actual scenery in the Liaohe River Delta wetland, China
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Fig.3 Daily dynamics of crop coefficient (K, ), basal crop coefficient (K, ), and water evaporation coefficient (K, )
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Table 1 The relationship between the hourly crop coefficient and biological factors, weather factors

BVES ' I AR LAT i b R T, 1% RH WG u
Crop coefficient Leaf area index Plant height Temperature Relative humidity Wind speed
(RIES 99 : :
.. 0.104"* -0.094 " -0.072"" -0.027 -0.032
Crop coefficient
IKTZE K REL K
o - -0.032 -0.045 0.044 -0.132"" 0.042
Water evaporation coefficient
HEAHED R EK,,
0.134" -0.079 -0.154 -0.075 -0.079

Basal crop coefficient

* P<0.05 KPP MEHIE, ++ P<0.01 ZKF A C

2.3 BUEY) R BRI LA 5
BETT LI il /N RUBE RS2 S LI S8l , 25 R FAO HERE Y B SUEY) R EOT 2, 45 B AR L Inl 1132, g 7 ik
TR R K, FIK 28R RAK, BB 7R an T
K,=[a,(T,-20)+b,(u—-2)+c,( RH-45) JLAI"+e (9)
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K,=a,( RH-45) LAI"+c, (10)
Kc :ch+ Kw ( 1 1 )
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Table 2 The relationship between the daily crop coefficient and biological factors, weather factors

=B T AR AL LAL M b kT, 2% RH P
Crop coefficient Leaf area index Plant height Temperature Relative humidity Wind speed
WRHK,

fron % L 0.280 ** -0.255** -0.153 -0.040 0.116
Crop coefficient
IKHZERFEL K
KRS R K, 0.322** -0.446 ** -0.084 -0.158 0.163
Water evaporation coefficient
FREY R ALK

e o 0.274** -0.241 " -0.154 -0.033 0.112

Basal crop coefficient

* P<0.05 7K, *F P<0.01 K2 AH G

ARG T R A EAEAG B B TP S S BG4 RN
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2.4 SCHERSUEY) 2R BRI 2R I 5 28 ko B 600 -

FIFHBSL R VEY 2B K, TN RUBE A 25 =5 52 B
ZRECE, I R Sl A OG22 48 LI 1 S PR 28 B 2R AT L
B R 2B R A 0.894 BIUSIURARL: (F 4)

FUFH B A VE ) 22 B0 AT DA P 35 S0 PR 2%
i, R REYR 4 P 2 2R B i R R ZE R /R . 43l DA
AR PG AR KA R AR R AR KR S ], A5
PR SEHEVE 25 15 K 1R 78 & 1 0 B sl ARk A (&

y=1.0941x - 0.632
500

400 |
300
200

100 |

Bl Z& o
Calculated evapotranspiration/(W/m?)

(=}

0 100 200 300 400 500 600

5) , Hirp KT 7€ K w5 B 5 P TR SRR Y 9.0%— S B
16.3% 7. 7%—13. 1% . 7. 4%—12. 3% F1 11. 6%— Measured evapotranspiration/(W/m?)

15.9% ., W& P25 AP AR T IR 6T /K o i) 78 25 1 4 THSERRHBLE
ﬂéﬂ%,ﬁ%%ﬁﬁ U\%Eﬁ ﬂﬂﬂ‘f,ﬁél‘fﬂ 7J( E;i Ziiljj,ﬁ';i Fig. 4 Comparison of the calculated evapotranspiration and
WO LU T ORI, AT RS B R k) measured values
BRMESG PR 2 IV 3 | B s />
IR T2 % T o L T B4

I = AR 25 4 H 20 H ZEATHE A 10 A KV A BRI , 2 2 b K| — g e B
BOAE 7 AR BN R, IE M 25 O3l 7 7 Ok B R(H,9 F 2J5 R A JE 25 0], 10 B 2 2
(P 6) . BFEIN, 1 57 26 B e R0 R 58 T PO i | T, 2 5 T 7 2 0 08 o g it K
FH T RS R AR K (1) 28R Rk S AR BT 4 8

3 iTFig

31 FETHUHERXUEY) R K FAO HEAE Y R BN 2 S R A 25 28 LU 8%

YPTEEA R M A X T TR S R K A AR P AR LU SR A O 3 (B
FA R, KRR L , KT 26 K 0k S I 7 2 R v (M 28 B PR A4 17 35 0 SR 28 8 LA KoK i 7 e o
FE o AL =AY R A 2GS R U 352808 O 32,5 Ay K 28 & 5 R T 6—9 Ay, i 6—9 H {3 ih
TrREEE SRS KR I AT LLZRATE . e 235 A4 KRl MR R B PR I 84k, H 28
PP R, NI, H— VR R I W RO IE T/ N RUBE B Z8 O U3 7 35 AR R PR RS E A
INURIRY/ES JCEI S RS A U NN =PN IR 8 Sp sy i pur s Iy a g NS PNDEAY:s 640 I NV Sl

http ; //www.ecologica.cn



332 JAE = 40 %

500
400
300

500 T A 1 5 100

200
100

T o E E £
~ {420 >~ ~ ~
= -100 . z = 3
< L.~ A < < /’ \
E -200 S SRS '5 § : : : §
= [ R e = = R e = = R N = - = = S oo o oo Qo o o oo oo =
‘8, B X A" BB FEES S g = S X AN BB~ F NS S g
@ S O e e O o e e O e = = E S O e o e O o e e O e e — =
§ g E &
= = 4
w60 R K 1100 & g 600 A 110X
%% 500 | = & 500 =
© 400 | ® ™ 400 1% %
300 300
200 200
100 100
O i . ’ 4 O r
-100 f / W | -100 \ \ \
200K v o e L L T 200 b ¥ N N
(== R e N el = = I = R o I e R B e B ) (=R R e N e T — 2 = == R o I e R e i e B )
S ST ST ST S S S ST TS cTSS3SS
O DN N XXX~ O en O O DN N XX~ O en O
S O = O - O = - - S S~ = O O = - —
5t Time
5 AERMBEBEL TR
Fig.5 The transpiration and evaporation process in reed wetland
A s 3K
R 250 H AL 200

FAO #EFEI P 3B TR PR (A K2 ) MTEM 2B K,
AR PR 4B 1.0,1.2 FiT 1.0, A
FAO HEFFROVEY) 550500 ) = I 2 510 b 25

—
wn
(=}

MR
Evapotranspiration/ (W/m?)
=
3

530 AR 5 2 58 WL S B 26 R T LS, A O R K 50
R*J30.837(1& 7). LAA B AR 5 3 i, 535 S .
FAO 75 (111 2 BOR A P e HE 4 XUV B 28 i 13 §E83iiisis1gzz

PR ZE L (1] 8) |, 3T el U R Ok i 75 FI 1 Date
i T FAO HEZAE Y 2 B0 25 180 AN T 30 AH 5 SE )
fHA L, R = F BRI AR —2 (HRFIH FAO 4
HIVEY) R BT B 2B AR U E e =, U HRAE P 35 K
FR AR 1 5 R S B S E ) R BRI R 45 3 5 S L BRI . R FAO HEFE Y R BUB I
P v B9 S R AT B AL 0] = AR A P SE BE VR S5 FAO AR P 25 TR R A KIME AV SRR R) e g | 1) 22
5, BN —BEY RETCE 2R E B KBS IR WAL,

T b DX R 2 22 5 B R T FAO HEFE B4 VB R B0 B 28 Bl T e = A e K 258 i 9 3%
AR MR BV 2R 0 BRI 2 1 K AR A IR A R A R R AT B Rk, — 28
2B GRS T MR P R R AR S X FAO R SR SR B0 AT TIBIE . Wright ™ MR35 24 b < 6 R
BB IE FAO HEZERIMEY BB Rosa 51O LT XUEY R 0L HF & T SIMdualKe #7 ; Paredes 45 Fi]
& 1E 5 AR 22 BB HE SIMdualKe #7835 2% SO ARl i s A B0T T4 /NE ok e
IKREVES VR 22 50M 39858 K 280 3 akam 25 0 &1 k28 /N 22 R IXGE AR XHE JE B IE T Kumar BI7EY)
RO 2R S IR M S A S AR T RIS BT IE RS VRS R R, 1 A8 S T AR
BEIE T XEY) B 1 385 8 280, TN R BoRZEHL,

Ee mMERMEAHEATH

Fig.6 Diurnal variation of evapotranspiration in reed wetland
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