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Characteristics and influencing factors of water and
heat fluxes over an vineyard in arid desert
oasis region in the Northwest China
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Abstract; To improve our understanding of farmland surface process and agricultural water management in arid oasis
area, we analyzed the characteristics of water and heat fluxes at different time scales, and the influence of arid advection
and canopy conductance (G,) on water and heat fluxes at different growth stages. In addition, we used path analysis to

study the influence path of environmental factors on latent heat flux (LE). In this paper, the water and heat fluxes were
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measured by eddy-covariance in 2017. The results were as follows: (1) LE showed multiple peaks, while the other

fluxes were basically unimodal shapes at the daily scale. On the whole, the values of daily net radiation (R,) were

maximum, followed by LE, sensible heat flux (H) and soil heat flux (G) at each growth stage. The variation of diurnal

G showed obvious lagged effect compared to that of R,. (2) LE and H accounted for 86% and 14% (respectively) of

daytime energy during the whole growing stages, indicating that LE was the main energy consumption item. The

contribution of arid advection to daytime LE ranged from 5% to 59% with an average value of 28% at whole growing

season. The influence of G, on LE was stronger at the new shoot and leaf-fall stages than that in the middle growing

season. (3) LE was mainly affected by R, , followed by vapor pressure deficit (VPD) and air temperature (T,), and

the influence degrees of VPD and T, on LE were similar. Furthermore, the path analysis showed that R, directly affected

LE; VPD and T, mainly affected LE indirectly through R,. As a whole, the water and heat fluxes in vineyards of arid

desert oasis in Northwest China display significant diurnal and seasonal variations, and the influences of environmental

factors on these exists great discrepancies in magnitude and path.

Key words; arid area, grape, water and heat fluxes, arid advection, path analysis, influence factors
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Fig. 3 Diurnal variation of water and heat fluxes for different growth stages of vineyard
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Fig. 4 Seasonal variation of daily mean energy of vineyard
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Table 1  Distribution of water and heat fluxes at different growth stages and the whole growing season of vineyard

[y Bea R TR
He K B B Energy components (W + m™) Energy ratio (%) %ﬂ%}(%ﬂb
Growth stage RJ\ (%)
R, LE " G LE/(R,=G)  H/(R,=G) B
HA A 316.10 212.49 126.83 32.00 0.75 0.45 0.60 34
New shoot stage
DA AL S 346.83 327.59 26.02 13.34 0.98 0.08 0.08 29
Flowering and
fruiting stage
e YN 372.11 303.58 19.25 10.41 0.84 0.05 0.06 22
Filling stage
£ 0 LA 329.35 293.00 24.28 8.04 0.91 0.08 0.08 30
Coloring maturity stage
Ay 293.34 200.40 70.60 5.28 0.70 0.25 0.35 38
Leaf-fall stage
e la S 338.47 279.25 47.17 13.01 0.86 0.14 0.17 28

Whole growing season

R -3l B A 2 7 =00 LE s R N AR RBCZ R, B R X/ N RUBE LE #9532 32
RK2ADEH, SRR FHZEERRAXNE R EEER L, RN 2k
HEF SN E K BA AR, ZEA R A REEE W, R X LE MR EEH FZEETS
T, MIVPD S L B THIAAERKY 7, KT T, M VPD W HEAMER =AW, W T, VPD
VPD A, HAAET A S VPD KT T, (HEIE 27 WS Hilid R X} LE FEA 5200
FSHERKPBSRRESERKZ R K, WS /b, X

YO R XN RUEE LE W HEAE R, WS 3 33 i

XEF LE (AR SN, AN, Tie & KB

Br SR R R W E SR REOK T W 3% HRE b, LE 28 fb i e 7 45 AR K B BE S B
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x2 FIMRETEREBEE(LE) 5%EH(R,) SR(T,) JKKEZE (VPD) FIXE (WS) BESINER
Table 2  Path analysis results of latent heat flux (LE) and net radiation (R, ) , air temperature (T,) ,
vapor pressure deficit (VPD) and wind speed (WS) at the half-hourly scale

[A] 4218 4% 22 %X Indirect path coefficient

A gy s TEEE i
Growth stage Env1}“onmental Corre.la-tlon Direct path . “—%}:%ﬁ(
actor coefficient coefficient ol ir/ldirect R, T, VPD WS
path coefficient
BRI R, 0.818 0.778 0.040 — 0.186 -0.122 -0.024
New shoot stage T, 0.603 0.282 0.321 0.512 — -0.172 -0.019
VPD 0.587 -0.182 0.769 0.522 0.267 — -0.020
WS 0.282 -0.059 0.341 0.314 0.088 -0.061 —
FEAE A SR R, 0.889 0.886 0.003 — 0.015 -0.018 0.006
Flowering and T, 0.632 0.021 0.611 0.629 — -0.026 0.008
fruiting stage
VPD 0.587 -0.027 0.614 0.586 0.020 — 0.008
WS 0.299 0.020 0.279 0.282 0.008 -0.011 —
HE RN R, 0.881 0.858 0.023 — -0.193 0.211 0.005
Filling stage T 0.678 -0.259 0.937 0.642 — 0.288 0.007
VPD 0.663 0.312 0.351 0.581 -0.239 — 0.009
ws 0.418 0.014 0.404 0.329 -0.119 0.194 —
(g R, 0.837 0.924 -0.087 — -0.037 -0.064 0.014
Coloring maturity stage T 0.535 -0.052 0.587 0.650 — -0.085 0.021
VPD 0.529 -0.092 0.621 0.640 -0.048 — 0.028
WS 0.229 0.046 0.183 0.263 -0.023 -0.057 —
-4 R, 0.824 0.914 -0.090 — 0.048 -0.090 -0.048
Leaf-fall stage T 0.541 0.172 0.369 0.689 — -0.369 -0.046
VPD 0.547 -0.381 0.928 0.813 0.167 — -0.052
ws 0.326 -0.091 0.417 0.547 0.088 -0.218 —
KT R, 0.853 0.838 0.015 — -0.017 0.027 0.005
Whole growing T, 0.593 -0.024 0.617 0.577 — 0.035 0.005
season VPD 0.587 0.040 0.547 0.561 -0.021 — 0.007
WS 0.321 0.013 0.308 0.296 -0.009 0.021 —

ARV EE etk BRI Sy rp AR T, o,
Ak SALE A EACTIRTRES S B8RS
YEA T F%, LE %K ( Zhang et al., 2007 ; ¥ K F
%,2019) , LE HASALFE A K 2 oA A2 0 rp i
MR, X B LE 1R854 K By B g (8 B0 (8] 45 47
FEH, R, H A G HZAL SR F 34 2 30 A W]
FE Btk H FEAS TR] A= K B B i | AR A X B 4
G b — BARFFE SRS W 9T 45 R 5 17 A\ A4 Fh
TR FSE IR BT H TSR, 2014 KB
FAF,2020; R A ,2020) . G HARfLARXS T R,
EIHFRER G, R T (2019) W AM T X —
Mo ARem sy H RIS IEE I EIBR T LE, HiAh
RE o i B FE O B B e, (A [ AR K B B
FE B 43 5 1Y 1E B3 i [R) AN ) 3 3 B O R AR
N EEEZS N

HERFBRE LY LE/(R,-G) H 86% , M

[y aY

N

LE J& 0] AR ) B AET, X5 A xR
Ji/NF (Lei, 2010) | 32 [ % B £ K H ( Suyker et
al., 2008) M PG L+ 5 X £ kA& W (T H I+ 4%,
2014 ;Zhang et al., 2016) FIBFFE 45 2, HE
B 45 (2020) F1 4% B % (2020) BF 5% [A] o
A4 B AN ASTE [6) Fl b B 3R 855 19 BIF 58 245 SRR TR
JEHE R HRZ ST REE M E2H S, FE
PRI Ah 22 5T RS2 LA TR . (1) AR W 5% X E I i
T, FEE A ZE S AR (2) YHOC A
BRI ;5 (3) T 50 800 09 77 A 4 % el
ESFIH Ry H 78 KKy ;5 (4) H % W7 J2 4544
23 X 8 & 43 Bie = AR — 2 5 M (Kool et al.,
2016) . XULUEHA T FR45 45 14 DL B Blod B AR X
KA 43 P A () TR, AR SCHE R BT RO
TR PGE R B, 24K R TE 5% ~59%
Z 08, SEHik 3 28% ., Kool £ (2018) Xf LA 431 T
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43 %

EXHEMHEAEMRE LR EEREBLEY R, N
8% , 1X 1] fit 2 iy BF X B D Kz 3 I R A TR S &,
+ 5K R A A R P R R
) TTHR 1E 28% ~ 90% Z [8] ( Prueger et al., 1996) ,
SR FE B JE LU AS AT 5% DX, 33 16, BH B0 6 A4 3T 19
SETRAERT , 2K 43 W AL N 5 oA 2 B 2 X T kT
KPR, 7 B R EZ M (Kool et al., 2018)
R T E R IR EE R A IFoT 45 51, & 2 8] 17
TEAR K AL, R, LN 1% ~50%

14 A B PR R ORD PR B R 2R R 5 ) i 4 [T LE
I FE o, AR E S, AT AH 6 XF
LE (5% fe K 2 B, /) 6 e K
VAR IR A4 LE 092 H0 8 | i A8 w3t
LE W¥ 555 . X i T 0 0 A0 s 30 A5 4 el LAT
ARl A R AR W, I R AR TR
BOHDEE | A T A VPD R E 725 SR VPD AH 2%
ANK L FTLGX AN BE G X LE 9 48 il 458 v 401 5% 5 AR
B AER ZE Rt B £ A VPD AL A AR
VPD M ZR A, H L G 3 LE B4 ) 3840 30 A 4
55 ( Steduto & Hsiao, 1998; Monteith & Unsworth,
2008) , MIEEHFE M, WA SMIEE R EW, LE £
BAZ R I, VPD FI T, W2, HW & 1 5% i e
JEAIT . R, 3 % o B AR 7 kW LE, T
VPD 1 T, FE5d@ & R FEAEXS LE 77 A [ 42 4E 1,
X5 Zhang %5 (2016 ) AFFE 45 R — 8, K FH4 5 RE
Re5 e T, F1 RH (2540, $2 v B2 i 5y
AN K IR ZE 3 R, 38 50 78 J# o % | RIS <AL
FEHT, RIS e LE Y B 3 22 3R 85 R 1 (2B 35 X
%,2018) , VPD EAF T S HIXHEE ML E
F R s ST MR R R B B A, B4 R R A
AU R SLTT AR R A A 2R I DR I R R )
LE W57 —AE 2 B (BB ik 8 %, 2018) , {H
Hogm ra EEE R 2 AR IR, S Ah il
T2 BT I O M R T R BE IR T 22 180 A 2% A
B AP ETE HAR AT &AW E I+ 22 6] J2& B AH
FEAESZ MR S0, Beah, 5K T AL 45 (2018) il 1 3l
PR BT 7 3 R T AN Ti] s ] L8 8k B 5 ) [
TR AR TTER, & BE T R TR R R ROBE b 4% IR B
e e 2R, B, 80 2R85B F
X F oK G RS2 AL B T 2T

4 Hip
R SCHE TR 5 R 0 0 A 9 6 K A

TR SR AR T ik A A TR AE T R X
778 el K BRGE AR AL AR SR e IR 2 R AR
PIFZES. (1) HRE & LE 7E& K BE
AR EE Z 0k, Hor or i Sk B 2 gk, R,
WEAE R H 604.8 W+ m?, LE W 5 KK 517.6
W e m?, H RN 223.2 W - m?, G IE(E &K
LR 58.9 W » m?, RIH LE AR TEF, Hauh
HANTE, CEREWIMBENHFHE, (2)
K ZE L LE 06 202 1 K 4 % bl v] R H g Y
FEIEAET; LE A1 H 43 5] 7 A=K 2= 1 K A] A g
Y 86% F 14% , WAL, T FHx F R LE B9 5T
KR 5% ~59% , K Z T 5Tk Rl 28% , L
HAETFAE AL SR A o T 5 o B R g i
ANHEA DR —2F L B Rk, T 55 Fi iz
5 XK G A K 2, (3) G X LE (1)
HMEENER S 2GS EA, HEFHAEK
WAIEF I LE S mse T A K ], s,
LE F%5 R 52, W3 HHOC R EK T 0.82; VPD
T, R, B 52w B2 BEAR T ; WS 1952 M £
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