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The contribution of hydraulic lift to evapotranspiration by Tamarix ramosissima
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Abstract; Accurately quantifying of hydraulic lift ( HL) and its eco-hydrological effects has great significance for the
terrestrial ‘€cosystem water cycle and global change research. Based on measurements of the soil water content and latent heat
flux by the eddy covariance method during 2011—2012 in the lower Heihe River, the HL was first calculated by separated
water_depletion ( WD) in the soil water content. Its contribution to evapotranspiration ( ET') , that calculated from latent heat
flux, was then determined. The daily variation of HL that largely occurred in 20—60 cm soil depth ranged from 0 to 1.4
mm/d with an average of 0.22 mm/d, and the WD was from 0 to 0.76 mm/d with an average of 0.23 mm/d. The annual
variation of HL and WD was synchronized and the magnitude of both was in positive balance, indicating that the water

extracted from the deep soil layer or groundwater via HL was expected to meet the transpiration; however, the remainder of
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the water was retained in the soil layer. The daily variation of ET ranged from 0.31 to 6.42 mm/d with an average of 3.37
mm/d; however, the annual variation of HL and ET has a time-lag effect, with the maximum of HL and ET occurring in
May and July, respectively. The ratio of HL to ET ranged from 0.06% to 108.25% with an average of 19.25%, which
indicated that the HL did not increase with an increase in ET. Two possible reasons for this are that the HL was restrained by
the low soil water moisture of the deep layer or by the nocturnal transpiration during the dry season. Further research is

required to confirm which one of these is correct.
Key Words: hydraulic lift ( HL) ;evapotranspiration ( ET) ;soil water content;eddy covariance ;ecological effects
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HAT, E P ANEXT HL K AN IR T )12 FIF5E ) Neumann 1 Cardon'” X 16 Flvf 45 R G 48R 4%
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6—8 ') 2002—2015 4F E-601 HI7& & MLIAS A 7K 1fi 78 & &4 2225.8 mm, 25 R K B 1Y 60 1% .
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splendens (Trin.) Nevski) %, ZAAEMIA 2008 4 FAEJGHEA , B 35 2 55% %% K 14.4 A/100 m* | V-3 5
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Fig.1 Location and picture of the observation site
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Fig.2 Energy balance closure (D=[ H+LE]/[ R,-G]) ,latent heat flux LE, sensible heat H, net radiance R, and soil heat G, of eddy

covariance for T. ramosissima stands during the growing seasons of (a).2011\and (b) 2012
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TR F K ETHE SN 852 3 ] bW SARABAR K 12 #5200, R )2 10 em T3 0] b SAH RN AHIK 7318
Moie HAEE i R 2 DL IR R e Sk AR, 1T 30,50 em A1 80 em B[] s fi g K o, 52 T 2K 4y
AN FEBLABR X F A — 2, K A3 OIS RN 2 P 1Y) o AR Warren S50 48 H ) 05 2, RIS K
W BT R HL, K /NR 6 s (B ST — H AR AR 225 H B R K it (WD), KNS H 6 Fcs
H 5 RAMEMNZE (K 3) .

http ; //www.ecologica.cn



18 4 G A5 BRI R U MR F K T3 TR R 2 HOR) Sk 6033

3 #R51TR
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Fig.3 The daily varation of soil moisture content with the
different depths of 3 days during 16 to 19 July, 2011, and the
partition of hydraulic lift, HL and water depletion, WD,

from 6

TREARRT S He e 7 AP A It 80 em 1 140 em, MiZEHF 30 em F1 50 em 458 & 7K f 85 5 4 5L D9 it 2
HL., FUEWAYE 10 em TS /KRB AR IRBG N, B 2012 4F 3 A 31 HIG X281 sb , At B 5K
B, ML HL FERATE 20—60 em WRFE, 8T 20—60 cm TREEY HL 1 WD 254k an &l 4 fir
MR HL R /NE 0—1.4 mm/d Z08)725 4k, 494 0.22 mm/d, WD K/NME 0—0.76 mm/d Z 87254k, SF-35 4 0.
23 mm/d, KM, FE HL ek, A Z /N HL BOK WD 80K HL 5 WD AERPApIRES . Xt Neumann F1
Cardon'” Xt 45K 16 ME R RGN LG IR KE JEEMIAR R HL K/ 8

F12011—2012 FERKF(5—10 ) BUIMMBEREE (ET,, mm/d) IZEBE(ET, mm) T4

Table 1 \The/yearly variation of evapotranspiration rate ( £7,, mm/d) and evapotranspiration ( K7, mm) for T. ramosissima stand during

growing season of 2011—2012

b Year H 54 6 J1 7H 8 J 9H 10 A A1t
Months May June July August September October Total

2011 ET, 0.93+0.44 2.90+1.00 4.83+1.28 4.13+1.31 2.28+0.87 0.45+0.18
ET 28.84 87.09 149.65 128.15 68.39 9.94 472.06

2012 ET, 1.12+£0.66 3.92+1.10 4.40+1.76 5.38+1.33 3.10+1.08 0.60+0.44
ET 34.61 117.50 136.38 166.82 93.09 18.53 566.93

WRIELLEJ7 ik HRARRIAR A BIRR HL 5 WD(3K2) . 2011 4F,20—60 cm B~F-4 H HL 1E 0.30 mm/d

(5 A)%0.06 mm/d (10 A ) Z 8484k, 44245 0.15 mm/d,

WD 7£0.24 mm/d (6 H)#]0.13 mm/d (10 H)Z

[ 284k, SE34 4 0.20 mm/d, HL 5 WD B HCBITE 38.89%—130.43% 2 18] 284k, , -3 K 75.00% , 2012 4F, HL 1E
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0.74 mm/d (5 H)#]0.06 mm/d (10 H) Z[EZ54k 3478 0.27 mm/d, WD 7E 0.44 mm/d (5 H) 3 0.18 mm/
d (10 J) Z 284k, 3920 0.25 mm/d, HL &5 WD B9 LLBI7E 33.33%—168.18% Z (0] 1k , “F-#4°4108.00% , —
Wi, WD J&H T A RAR R WK LU T2 15 0K 5 DR, T HL J2X%T WD B#bse, Rt WD # K, HL 8K, W
BRI X AAE A 4 A ERESL

0.6 .
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Fig.4 The daily variation of soil water content, groundwater depth and rainfall and the calculated hydraulic lift and water depletion from

20 to 60 cm depths for 7. ramosissima root zone

x2 BUIKEKSKARA BLFEAIREREFELLGNETE
Table 2 . Seasonal variations in daily mean hydraulic lift ( HL, mm/d) , water depletion ( WD, mm/d) , and the ratio of HL to WD ( HL.WD) of

the growing season

F 5H 6 H 7H 8 H 9H 10 A I

Year May June July August September October Mean
2011 HL 0.30£0.16 0.18+0.07 0.14£0.06 0.07+0.04 0.06+0.05 0.15+0.08
WD 0.23+0.06 0.24£0.05 0.22+0.03 0.18+0.05 0.13+0.05 0.20+0.05

HL/WD 130.43 75.00 63.64 38.89 46.15 75.00
2012 HL 0.74£0.35 0.39+0.28 0.17+0.08 0.16+0.07 0.07+0.05 0.06+0.06 0.27+0.15
WD 0.44£0.15 0.25+0.11 0.20+0.04 0.220.05 0.20+0.08 0.18+0.10 0.25+0.09

HL: WD 168.18 156.00 85.00 72.73 35.00 33.33 108.00
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3.3 UK RTE R EEA TRk
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FAR, ET SR i s i 2 A4k, 7—8 Hi K, HL Xt ET W5iRk (HL :ET, %) ZEfL A& 5 s . 5 AR % R4
7= HL:ET 7F 0.06%—108.25% 2 [8] 484k, Fe il it 1009% it BEAE 5 A F 10 A /), F 8 19.25%, uiHfE
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W], 4 1K 3 TE-0. 1MPa $]-8.5 MPa Z W A8 LA, HL ¥4 7E , 76 T 3K 42 -4 MPa B, HL 5K ; [Fl#E,
ST RADRG S FHEA HL 0T R0 . bl & H 510 IR, HL 80855 , 24 5K #oh =1°MPa
BF, HL 55K, 2 3K EAE -4 MPa -6 MPa B, HL /N, WVEE TS, HL S R0 I 9 48K #h2s S 08 + 3
SRR R B B R, HL 2 bl 25 4 3981 52 B9 T ind 9 /N 9, 3kt 45 3 HEL B RS 45  AG UE
S RIS A HL f R B SRR AT RS A XS B A 3K A AP B TR AR R K SR

8 201148 20124 o 78 150 20114 20124
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S 6 e ®ET . .‘:' 6 =
T r 2 R T - I
EE F 1 100
= [ 5.8 &
= 4 8 S
23 B 3
23 ®e =
%E g 50
=4 2 S
e g
&
0 0

H ¥/} Month

B 5 2011—2012 E£XRARAGEHEFERLHITL

Fig.5 Seasonal pattern of mean daily hydraulic lift and evapotranspiration and the ratio of HL to ET

— AR B HL FEASRRERE ET 3 ng R T REA 2 4. —2 HL Z 3 E 7 LTl
(ANFTATIR ) , & HL 3 5\9 1R 2% 1 B3 i 0 3 S5 oA R 2R 88 A= K B0 AR L7 3B | AN DRI, HL 3@ i
W2 oK sk 0 7k Z2 S oK S ARy ET, (HREE 2 LS KD ( 4a) ,
W2 H T S BUR R BB IR T 9K s MBS RN 1 )2 3 A K 43 IRBE 2 s /b, BD HL X ET 89 53wk e+
A%, RGN, HL 82 BEN A SO 28 i 1 33 X R WO B AR R0 . © A BFSE R . HL T DL
AR R )R IS K E B, Bl X 20 SEAE AR AR ( Pseudotsuga menziesii) ,7—8 H 1+ )2 2
m ) 3K 28% K H TIRIZH R HL , 1% F 32 [E ¥ AN ( Pinus ponderosa ) X — Wi 35% , AN,
T VR 2 K BN B 7T 0T LA K00 4 A S R, 0FE 19d LI P, 95 [ A R 2
KR BT HL R T 6d, MiAEREFAZE 10d AL IR T 24

SR 2SRRI g AR AT AR b = 4986 /K st A8 A A B 6 PR AR R HL X 38K i85 (B 6) , eI 2
FEELE10d (7] 14—23 H) MM 0—80 em TR 147K & M 208.33 mm /b8 200.74 mm, Rt b
7.59 mm, ¥35°7°0.76 mm/d, 1 HL 30 T3 AE K B8R 5.42 mm, 3428 0.54 mm/d (1 6) , HL 3 hnmY 5
figaK B 54 2 K LI KA 71% ., 5 0—80 em W HIHEA%/K B i 3h 28 (L AR, 80—140 em IR
+ e fifK B S EEED N 29.24 mm, SEEH 2.92 mm/d, Hs/DEER R HL 5.4 75 (K 6) . i
FEBETE R AR R AR R LR (B L THE ) ) IR )2 K oy E 2 1 oK, R, iR HL
ANFEAE ,FE 10d B0 553 PN ASAI AR 3 A /K S0/ N3 AR TF BE/K P I Bef ] 22 /D BT 24 4d, BROLHESY 76 T
FERI MR 150d A ZRN  HL 2 /0] LK T2 X0 0 i 4R 60d., PRI, HL 38 33 3 ik )2 38K 43
A, AR P SR AN 32 43 T 52 ikt

4 it
HL AE R —Fp s B A Y A B A R oK AR 35 T A I AE B — Fh A AE ML, 8 AR MY HL KN A

http ; //www.ecologica.cn



6036 H

B
e
o

37 &

208
250

N3
(=3
N

240

e 4177 S
Soil water storage/mm
)
(=]
=

202 230
T S TR NN . W% SR R B | Loy

+ 1 O =~ ©® O © — o ™ % + n VO &~ ©® O © — o o™ T
- - = = = =2 &N 8 A A T2 2 =2 2 2 8 & 8§ & &

T T T DT g Qg T T T DT g Qg
| ol - - - - - - - - - | ol - - - - - - - - ~
S I ITIIFTIIES S I IFT TIPS
o~ - o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ - o~ o~ o~ o~ o~ o~ o~ o~ ~
e L
oS O (=} (=} (=} (=} S S (=] S (=] oS O (=] (=] (=] (=] S (=] (=] f=) (=]
N AN N N N N N N N N N N AN N N N N N N N N N

H # Date

6 EHIHH 0—80 cm 71 80—140 em T IEfEK BRI
Fig.6 Time courses of soil water storage of 0—80 cm and 80—140 cm depths for T. ramosissima stand
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