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ABSTRACT

To investigate the response of turbulent eddies to the mesoscale heterogeneous
land use change over oasis in Northwestern China, two experiments with the cases of
before irrigation (BI) and after irrigation (Al) using WRF-LES model are carried out,
where heterogeneity strength would be changed by irrigation over oasis. The
area-averaged method is used to calculate the area-averaged flux, and the wavelet
analysis is used to decompose the pattern of surface turbulent heat fluxes into
multi-scale pattern.

The results show that the irrigation has large influence on the vertical heat flux,
soil moisture, and soil temperature. Irrigation increases the heterogeneity strength,
which has large influence on the dispersion of flux pattern. The dispersion height of
sensible heat flux decreases with the decrease of sensible heat flux after irrigation.
The shape of turbulent eddies in Al is reticular which is similar with that in BI, but the
energy spectra of sensible heat flux pattern decreases after irrigation. In addition, the
dispersion height of latent heat flux depends on the sensible heat flux, and the energy
spectra of latent heat flux pattern decreases after irrigation.

From the result of spatial lag correlation coefficient, the height of response of
vertical heat flux to the surface flux before irrigation is higher than that after irrigation.
The shift distance after irrigation is less than that before irrigation. Strong surface
heating results in large correlation coefficients and strong entrainment in the top of
convective boundary layer.
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ity 11 D KSR U i T a0 A A, R MR U ) F) R B A8 45 LA A% 7
L AF (Kangetal., 2014; Kangand Ryu, 2016) . Jiiistl sh& Mk & L4 L
STV HECERNAER, KT 4 102 R R IRAEEARIES SR 5 KA 2 8] 1T
B8 0 i v B R R R U T A I B K L (Dirmeyer et al., 2014).
AT 31 2% i 9t FOE B RO T B BRI, X B R R R
M) o

I — R Bim i B E R AR (ECO RGUHEMIII (£
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(Robinson etal., 1991), Kima 451 £ BRI RE R L, AREsE et EC
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2009; Shaoetal., 2013) .
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2005; Huang and Magulis, 2009; LeMone et al., 2007; Maronga and Raasch, 2013;
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al., 2016; Liuetal., 2017; Shaoetal., 2013).

PRI, AP EP AR IX T2 TR X, FEFZ AR50 (Chu et
al., 2005; Liuetal., 2011; Lietal., 2013; Zhangetal., 2016), f7#{EM B4k
AR, BR8P0 S AN BN I B . 534k, SR b KR A o - 358 i
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S BRI A B IR AE S IR BB 7T (HIWATER) -FEH5J 36 28 4 (1
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TEXARIGH, A8 T AR E FE SN, B — BRI FE (30 km
<30 km) , i&FH—5.5km =55 kmiFEfF (Lietal., 2013; Xuetal., 2013) .
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O DX HHOULIN e e oy 7 o AR oKL SR SRR A, RO X 174 A
AAE R (B m4) R BER17) o gsenl (i) M EoKEs.
AR SO A g RE X 2 (100.37 °E, 38.85 °N, i#E41556.06 m ) . FElE

(100.36 °E, 38.84 °N, 4% 1559.63 m) FlFf 3 (100.49 °E, 38.78 °N, % 1594.00
m) PRI BT R, BFERBIAH G RGMINNERGEE (H) AEHEE (AE) , H3)
BN TREER.

CASI1500 Gt A F NS KITRES 2 & il i, #% Tl Ak 52 b i A 72 Bt 5
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EHU WRF-LES (Moeng et al., 2010) JFJ& Kim B ilik3: (Caoetal., 2018) .
FIE M 1.5 By TKE H& Mk RE Rt 28tk 7% (Deardorff, 1980) , J
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HH RMSE(Noah-LSM)#& Noah-LSM # RMSE i@, RMSE(Noah-MP) &
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Fig. 1 Location of the observation site (a), the land-use patterns (b) and its wavelet energy

spectra (c). AMS is automatic meteorological system.
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Fig. 3 The soil moisture pattern for after irrigation (Al).
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Table 1. Initial soil moisture value (Unit: cm® cm®). C/G means Cropland/grassland, C/W

means cropland/woodland, and U/B means Urban/built-up land.

VEBLJE (A HEBLAT (BI)
Layers CIG C/wW u/B CIG C/W u/B
Layerl 0.38 0.29 0.15 0.27 0.21 0.15
Layer2 0.39 0.27 0.15 0.27 0.21 0.15
Layer3 0.41 0.26 0.09 0.35 0.22 0.09
Layer4 0.42 0.23 0.05 0.39 0.22 0.05

R 2. WIRTHRE (R KD
Table 2. Initial soil temperature value (Unit: K).
Al BI

Layers CIG C/wW u/B CIG C/W u/B
Layerl 292.1 293.7 296.6 292.3 294.3 296.8
Layer2 292.1 294.5 297.4 292.8 295.3 297.2
Layer3 291.9 293.6 296.7 292.4 293.8 296.4
Layerd 291.6 293.3 295.2 292.3 293.2 295.5
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FEARSCHTLH, AN AT 77 TAl T ARS8 5 RBEFIRSEES 7 fif . Haar/ Mgk 73
PO T A RIZHGG I RE . (Bertoldi et al., 2008) . 141 %
IR 2558 S BEZ AT )L, P35 X(x, yi2,, ) B 20 SR RN TR B RUBE ) 52«

X(X, Y241 T0) = XX, Y3 20, T Dy o) oo XOG Y3 240 T 1) X (X Y3 2, 7 L) - (3)

HAN ()R KEHE, oo Mo RS EH, = 2m. © A
AR GREGPIE DK R0.4s) , MR AR . NSRRI, = 1.
1.5. 3. 6. 125, 25, 50 1 100 Ax (AxEMRMELK) o AEHLE. K
AR B A AGE SRS S RO AN RIS (Liuetal., 2017) o B1c&on/h
Btk (WES) AR SR N AR R ISR o AR AITF 14:00 LT iy — 4k
WEEEE (mst)  (Eda) LLEEHaar/ Mg H G5 R (Eab-iD .

y/km

Vertical velocity/m s

K4 Al 14:00L TR 48R EOERE (msD (@) VLEfEHaar/ MNEAEHE LR (b-D , 3
H/NEREE S = 1 (D), 1.5 (c), 3 (d), 6 (&), 12.5 (F), 25 (g), 50 (h)F1100 (i) Ax.

Fig. 4 Instaneous two-dimension vertical speed (m s-1) estimated by Haar wavelet transform at
14:00 LT in Al (a) with the wavelets energy components of I, =1 (b), 1.5 (c), 3 (d), 6 (), 12.5 (f),

25 (g), 50 (h), and 100 (i) Ax.
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75N WRF B30 Bl AR DL 5 00 3 47 b A AR IR 12458 X e
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T, BESAN6LE HY AVFIBALE: i AR HURAR T DX 38k Fr) A 0L 55 0001 1 L
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Fig. 5 Comparison of the simulated by Noah-LSM (dashed-line) and by Noah-MP (solid-line) and

observed values (circles) of sensible heat fluxes (a) and latent heat fluxes (b) for the cropland.
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Fig. 6 As Fig. 5, but for the rural area.
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% 3 Al 1 BI 1 Noah-LSM 1 Noah-MP i i) /8 FAiH B AT il -5 ILIE 1) RMSE
(Hfiz: Wm?2) 5 CLEERHM, RL M EH.

Table 3. Comparison of RMSE of sensible heat flux and latent heat flux estimated by

Noah-LSM and Noah-MP with observations in Al and BI (Unit: W m-2). CL means cropland, and

RL means rural area land.

Al Bl
CL RL CL RL
H 62.3 67.9 65.6 63.6
Noah-LSM
AE 113.6 33.8 122.4 324
H 134 324 14.8 36.9
Noah-MP
AE 41.8 25.1 43.9 21.8

4 Al Bl H Noah-MP H gk #2175 RMSE 42 5 20 bt (PRD
Table 4 Percentage RMSE improvement (PRI) estimated by Noah-MP for sensible heat flux

and latent heat flux in Al and BI.

Al Bl
CL RL CL RL
H 78.5% 52.3% 50.8% 42.0%
i AE 63.2% 25.7% 64.1% 32.7%

F4h, ETRRNERM AR LR LR AN RS . Noah-LSM
Al AR, AT Noah-MPAEHIUE S hni&E i T W IME (E7a) , HRMSEAMH L
T-Noah-LSMi#/~35.5 W m?, X T TifEHvd s, Noah-LSM&ifli (E7b) , A2
Noah-MP [JRMSEAH Lt T-Noah-LSM# /7.8 W m?2 . 10cm 3% & Noah-LSM
i, H.EtNoah-MP#3.4 Kimfd (K7¢) o 1% Noah-LSMEENoah-MP it
Noah-MP{JRMSEJ#/) 10.02 m® m, & W]Noah-MP Lt Noah-LSM 5 iz - %Ll
B (E7d)

SRTIE, Noah-LSM sifli T i B2, 3300 1 IR A 5 11 v A A% e
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Fig. 7 Net radiation (a), soil heat flux (b), soil temperature at 10 cm depth (c), and soil moisture at

depth of 5 cm (d) estimated by Noah-LSM (dash-line) and Noah-MP (solid-line) comparing with

measurements (circles).
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Fig. 8 The potential temperature (a) and water vapor mixing (b) profile averaged over 30 min

during 14:00-14:30 LT in Al and BI.
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Fig. 9 The profile of vertical sensible heat flux (a) and vertical latent heat flux (b) time

averaged during 14:00-14:30 LT in Al and Bl over cropland.
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Fig. 11 As for Fig. 10, but for the latent heat flux.
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Fig. 14 As for Fig. 13, but for M
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