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Abstract

Jhe maximum height of the convective boundary layer (CBL), over the Taklimakan Desert

can exceed 5000 m during the summer andyhas a crucial role in simulating the regional circulation

and weather. We combingd Weather Research and Forecasting Large, Eddy Simulations, with data

from GJlobal Ppsitioning System (GPS), radiosondes and eddy, covariance stations to evaluate the

performance of the model in predicting, the characteristics of the deep convective planetary

- [MI%BQW?: Email: pbl_wyj@sina.cn }

| e }
(e 8 L5 (T )

JBIBE B A 28 During the summer season over Taklimakan
Desert, the ...he maximum height of the CBL (...o i

MR I %5: p.. sitioning Ss

FHERIIA %S ). . .radiosondes and eddy-...covarianc

[5]

G

boundary layer pver the central Taklimakan Desert. ;The model reproduced the evolution of

planetary boundary layer processes_reasonably well, put the simulations predicted warmer and

| o
(fRm: T CF 1

[l Fhgit: XF 1

T“‘.“.“““‘H]
|
]

more moist,conditions than the observations as a result of the over-predictjon of surface fluxes and

large-scale, advection. Further simulations were performed with multiple configurations and

sensitivjty experiments. The sensitivity tests for the lateral boundary conditions (LBCs) showed

TS BT A 2 the

that the model results are sensitive to changes in the time resolution and domain size of fhe

/| MBI P28 more frequently updated LBC is desirable to

specified LBCs. A larger domain size varies the distance of the area of interest from the LBCsand

reduces the influence, of large forecast errors near the LBCs. Comparing the model results using |

the original Jand surface parameterized sensible heat flux, with the Noah land surface,scheme and

those of the sensitivjty experiments, showed that the desert CBL is sensitivg to the sensible heat

flux produced by the land surface scheme during dayfime in summer. A reduction in the sensible

\ | BB

[
[
\T
{

heat flux can correct overestimates of the potential temperature profile, However, increasing the *

BR8P 25 : The inhibit model errors near the LBCs are
inhibited by more frequent updates of the LBCs., On the other
hand, modelForecast errorbut are increased as the distance
between the area of interest and the lateral boundaries

decreasesd.

FUERIRIAZE: Furthermore,

i

JRBR I A 2 c...omparing the model results using {] [7]

sensible heat flux significantly reduces the total time needed go jncrease the CBL to a relatively

low altitude (<3 km) jn the middle and Jjnitial stages of the development of the CBL rather than

produging a higher CBL Jjn the later stages.

B B 1 25+ a reduction(increment) in SH

decreases(increases) maximum PBL by roughly 15% over

... [8]

desert. ...he desert It

Keywords: Weather Research and Forecasting Model, Large Eddy Simulations, convective

boundary layer, Taklimakan Desert

MIBRIIRE: e
| mimspaE: sH

MIBRBIPI 2 very .. .ensitivity... to the to...SH...ensible heat

flux produced by surface ...he land surface scheme during

... [9]

summer ...ay

B ¥ PIZ: in the CBL during summer day time

|| BRI WRF

I R Z5: SH....ensible heat flux significantly reduces the
total time needed for...o CBL ...ncrease the CBL to a
relatively low altitude (< ... km) at...n the middle and
preliminary...nitial stages of the development of the CBL
rather than produce...ng a higher CBL at
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1 Introduction

BIBREIA 2S: .. locates at the...n south ...center.. b

The Taklimakan Desert, jn south;central Xinjiang Province, China, is the world's

second-largest flow desert and has a profound influence, on the regional weather and climate.

As a result of the extreme range in near-surface temperatures, the planctary boundary layer

(PBL) in this region commonly reaches 4—6 km in height during the boreal summer (Wang et

’ [ BIBXEI A (Wang et al.)

JHIBR I 28 making it probably ...he deepest on Tﬂh—[ﬂﬁbﬂ

surrounding mountains and oases, plays an important yole jn the, regional circulation and Zw%mmg: part

. . . FABR IR 2 0...n then...regional circulation and M
weather. The accurate forecast of PBL processes over the Taklimakan Desert is an important . [13]

problem_in northwest China.

al.), the deepest on Earth. This deep PBL, which is significantly higher than that pver the

WIBRBIPIZS: ,...and Taklimakan et al....eserts) [ﬁ

The atmosphere over large deserts (such as the Sahara and Taklimakan deserts) js a key

component jn the Earth’s climate system. Surface heating from intense solar radiation leads to

the development of a near-surface, Jow-pressure thermal system, commonly referred to as a

heat low_(Engelstaedter et al. 2015). However, despite the vital yole that deserts have in the

Earth’s climate system, observations are extremely sparse, and fhe available data are psually

obtained from surrounding areas (Marsham et al. 2011). This lack of observational data has R BV conditions are very difficult

/| BRI P %5 fundamentally ...as restricted the dey,

18

... [15]

restricted the development of our understanding of deserts and has led, to large discrepancies

Jn analyses and significant biases in operational numerical weather prediction (NWP) models,

The ability of Jocal models to simulate real-world examples is often hindered by a lack of data

with which to assess the performance of the model (Garcia-Carreras et al. 2015).

Jo fill in the gaps jn the available data for the Taklimakan Dgsert, a field observation IEREIPIZ: ..o fillin the gaps of...n the availa ... [16]

experiment was carried out during July 2016 in Tazhong, Jocated jn the center of the

. }

\{ JIBEEIA 2 ... Desert near by ...the Institute of?mmﬂﬁ

Taklimakan, Desert near, the Institute of Desert Meteorology, Chinese Meteorological
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Administration, Urumgi_(Liu et al. 2012; Wang et al. 2016a; Wang et al. 2016b). These data

BIBREIKZ: (CMA)... Urumgi (Liu et al. 2012; E’L’“‘LT'ﬁH

will allow the, evaluatjon of the performance of the deep PBL process in NWP models over

the Taklimakan Desert.

Jmultiscale nonlinear interactions. As a result of their limited resolution jn both time and space,

mesoscale atmospheric models are pnable to yepresent all these processes (Talbot et al. 2012),

The motion of the atmosphere jnterweaves small-scale, complex interactions with 7‘“*9‘1“]3&@1 the other hand, a...tmospheric... —— [19]

JHIBR I 28 explicitly ...epresent all these proces; 55

which include turbulent motion, on a scale that is too small, to be yesolved by simplified

processes in atmospheric models, ,Turbulent mixing throughout the PBL, can have a large /-

0
R B 4 5 cannot }
—m

/’/{ MR I PI28: planetary boundary layer (...BL)

... [21]

FER IR 28 heavily ...ave a large impacted...on [22]

impact,on forecasts by NWP models (Shin; Hong 2011; Shin; Hong 2015). /

Lomplex turbulent flows in NWP models can be analyzed by large eddy simulation

B B PY 252 One way to tackle c...omplex turbul [23’]

(LES)_techniques, which can explicitly yesolve the energy-containing turbulent motions

responsible for furbulent transport (Moeng et al. 2007). LES techniques haye been used

intensively o examine the detailed structure of turbulence, to generate statistics,and to study

physical, processes (Garcia-Carreras et al. 2015; Heinold et al. 2013; Heinold et al. 2015;

|
Heinze et al. 2015; Sun; Xu 2009). However, most applications of LES techniques to the PBL |

...nd assess its ...he performan =R

have been limited to idealized physical conditions. Recently, some studies have attempted to | { Mg P S
test and assess fhe performance of LES in simulating real-world case studies (Liu et al. 2011; MR P LES
Talbot et al. 2012). Liu et al. (2011) suggested that the Weather Research and Forecasting
Large Eddy Simulation (WRF-LES) is a valuable tool with which to simulate real;world

B

microscale weather flows and jo develop, real-time forecasting systems, although further /- |

...odeling tests,...such as eluci —roE]

Jnodeling, o determine the accuracy of synoptic forcing and the effect of resolution has been /{ MNP LES

highly recommended. Talbot et al. (2012) suggested that the ability of WRF-LES to simulate
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realsworld examples is hindered by a lack of favorable synoptic forcing. The initial and lateral

JIBE I 2 -, orld cases are...xamples is hindery 196]

boundary conditions_(LBCg) were found to be more jmportant in the LES results than

subgrid-scale turbulence closures. Thus, the LBCs gan significantly alter the status of /.~

JRIBR I A 28 initial condition

I

high-resolution LESs yia jnflow boundaries (Rai et al. 2017),

/| MBI of ...an significantly alter the status

i

... [27]

Most of the LES research over desert regions has been limited to idealized physical

| MIBRRIAZ: WRF land-surface model...nflow bo

i

...-[28]

JIIER I A &5 However, m...ost of the research ab [59]

conditions_(Garcia-Carreras et al. 2015) or conducted putside the Taklimakan Desert (Liu et

al. 2011; Talbot et al. 2012). The aim of this study was to apply LES fo a real example of a

JHIBR BT 28 As far as we know,

|k

deep convective boundary layer (CBL) pver the Taklimakan Desert. An important aspect of

FARR I 28 is the first attempt to...as to applicat ¥50]

this work is to assess the skillfulness of the WRF-LES in simulating real gxamples of deep

A

FAER A2 Thus, a

JRBR R A 25 the ongoing ... his paper 131

desert PBL processes at a relatively coarse resolution (333 m) over the Taklimakan Desert

-

1

B ¥ P9 28 examine

!

BB I 25+ in relative coarse resolution (333m) over

Taklimakan dessert

during the boreal summer, We first use a combination of the WRF-LES and Global

Positioning System (GPS) radiosonde and surface fluxes over the central Taklimakan Desert

calculated psing an eddy, covariance method, to evaluate the performance of the WRF-LES in

MERFIAE:,

| MIBREIAE: cases ...xamples of deep desert PBL

I

... 32

a real-world example, We then assess the potential errors related to the LBCs. One of gur

JHBR I 28 First we assess the potential errors related to

LBC. Then

FBR R 28 First w...e first use a combination of| [33]

aims is to evaluate the relative contribution of uncertainties in the surface model to the typical

behavior of PBL processes by conducting sensitivity experiment, We therefore studied, the

1

BRI O

JHER I 28 the .. .ensitivity experiment.s.... Thus

ian

L. [34]

sensitivity of the model performance to the surface sensible heat flux, Section 2 gives a brief

description of the synoptic conditions of the gase_study, and describes the data, ymodel

|

JHBXHIA 2 . In Section 3

configuration and design of the numerical experiments, Jhe results of the numerical

BIBRBIPIZS: ,...and we ...escribed... the data, an '35]

simulations are presented in, Section 3 and our conclusions are summarized in, Section 4.

{

MERHIAE: 4

2 Methods

2.1 Model configuration

\'{

MBI PIZ: ... Finally, we...nd our ~136]

1

NiE

MR K A2 <#>Data —T37]
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We used version 3.8.1 of the WRF model (Skamarock et al. 2008) at a sub-kilometer - »[;mur%aqwg: convection-permitting

.to simulate the

resolution, to simulate an extreme CBL over the Taklimakan Desert, The model is integrated /{ MERATAR: 5.
{ BRI N 25: rainfall

JHBR I 28 event in...ver the Taklimakan Deserty

i

for 12_h, starting from 0800 BJT (Beijing Time) on | July 2016. We pse pne-way nested

‘ FARR IR %S . Figure 1 shows the domain for two

WREF model from the mesoscale down to LES s

experiments. We use the outermost domain and three

| one-way nested domains.
[ s conductea

| R

MEREIA A -

| EBE @A) (1]

| BB f % were

B ¥ P 2 Height

used {411 x 321), (791 %,651), (211 x,201) and (403 x 406) model grids, Figure 1. , shows B ¥ P92 A...he altitudes for the lowest 20 lev,

U RS TR 12 pt
the domain used for all the experiments except BDY T3. A smaller grid size, (205 x,208) js A PR 1 P 28 Figure 1. Figure 1Figure |

| HAERE: T2 pe
FHER IR 28 for ...DY_T3. S... smaller grid sizes

extended to 50 hPa. The altitudes for the lowest 20 levels are 1130.473, 1157.705, 1207.765,

1294.703, 1423.873, 1591.895, 1795.526, 2021.868, 2272.33, 2558.433, 2882.675, 3248.113

3658.499,4118.481, 4633.882, 5212.111, 5855.802, 6517.111, 7151.295,and 7757.151 mand

the horizontal spacing of the model is 12, 3, 1 and 0.33 km for d01, d02, d03, and d04. [We

used in experiment BDY_ T3 to verify the effect of domain size on the LES]

... [41]

4]

) HEIE [LP2]: Are units required for the grid sizes?

|
[ MIERHMIPIZ: simulation
|
[

The initial and LBCs, are provided at the coarsest mesoscale simulations from the

National Centers for Environmental Prediction Global Data Assimilation System Final

MR 2

L BRI (Figure 1).
BB [1]: All domains were 51 levels extended to 50 hPa.
MBI P2

B BT P %2 ized condition ...nd LBCslateral bouy
| B on

| BB B 2 -degree by...0.25°-degree. .. grids

| gt 26

| g tp 2 mitibars o 10 millibars ._bar (Nag '

Operational Global Analyses_dataset. The analyses are 0.25° x, 0.25° grids pperationally

prepared every six hours and available on the surface,and at 32 mandatory (and other pressure) ‘

... [42]

levels from 1000 to 10 mbar (National Centers for Environmental Prediction 2015),,

... [43]

The physical options in the model include the WSMS5 microphysics scheme (Hong; Lim

RiE

2006), the Yonsei University PBL, scheme (Hong; Pan 1996), the Kain—Fritsch cumulus

:

\ > ]
parameterization scheme (Kain 1993; Kain 2004), the yapid update gycle (RUC) land surface, >{ AR EIPY %z model ... hysical options in the mode}i=- 1457

4

JHBR I 28: (Smirnova Tatiana et al. 2000; Smirnova et al.
1997)the Noah land surface model(Chen; Dudhia 2001a,
2001b),

O [ o,

model (Smirnova Tatiana et al. 2000; Smirnova et al. 1997), the rapid radiative transfer model

(Mlawer et al. 1997)_at long wavelengths, and the Dudhia shortwave radiation scheme

(Dudhia 1989). The cumulus parameterization scheme is only applied to the d01 (12 km) grid
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domain to parameterize the convective rainfall and the LES; is only applied to d04 (0.333 km). /{ MBI E: .. While,...nd the large-eddy-simul [46]

Table 1 Jists the experiments. Experiment 1 was the control experiment, denoted as

CTRL. Experiments 2 (six-hourly updated LBC; denoted BDY T2) and 3 (with domain sizes

205 x 208, denoted BDY T2) were conducted as in the CTRL experiment, but with different

domain sizes and frequency of LBC updates. In experiments 4 (HFX %75) and 5

HFX %125), the sensible heat flux, was reduced to 75,and 125%, respectively, of that in the

CTRL experiment in the RUC land surface,scheme, to highlight the impact of the sensible heat

flux on the deep CBL jn the Taklimakan Desert, In experiment 6 (denoted Noah), the Noah

land surface, model (Chen; Dudhia 2001a, 2001b) yeplaced the RUC land surface,model in the

CTRL experiment to discriminate the influence of different land surface, models on the deep

CBL.

2.2 Data

The model simulations are compared with the Tazhong field experiment, garried out

throughout the month of July 2016 by the Institute of Desert Meteorology, Chinese

Meteorological Administration, Urumgi. The main station was located at (86.63° E, 39.03°,N).

The location is relatively flat with few hills and is covered by sand combined with grass

(Figure 1. _c), The deep PBL jn our simulation was under a cloudless sky jn a dry .

environment,

The surface fluxes, were measured by an eddy correlation system psing an R3-50

supersonic anemometer developed by Gill (UK) deployed at a height of 10 m. The frequency

of data acquisition was 20 Hz, and the surface sensible heat flux was calculated by the eddy,

covariance method.

BB B PI2: shows the ... ists the of...experiment: 7]

M ¥ P92 to. . ith the Tazhong field experiment .[48]

MR TR 12 pt

{ MR (¥ P9 25 Figure 1. Figure 1Figure 1

| HRERE: T2 pu

MK ARZ: ... and t...he deep PBL of ...n our sj

L

49]

MIBREIRZE: 1).. he surface fluxes:...were measvfzedﬁ
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JThe, vertical profiles were measured using soundings, Upper air soundings of the

temperature, pressure, humidity, and wind speed and direction were conducted fhree to six

times per day with the CASIC23 GPS sounding system developed by the No. 23 Institute of

China Aerospace Science & Industry, The sounding times were 01:15, 07:15, 10:15, 13:15,

16:15 and 19:15,,

2.3 Synoptic patterns

Figure 2 shows the synoptic patterns at 0800 BJT on 1 July 2016 at 850, 700, 500 and

and c). The Taklimakan Desert was located east of the cyclonic vortex and embedded in an

east-west, elongated ridge at 0800 BJT on 1 July 2016. To the southwest, influenced by the

South Asian High,centered over the eastern Iranian Plateau, the upper air over the Taklimakan

BRI Z: 2. he)...vertical profiles were meas%

| AR PO

MR (¥ P9 25 Figure 2. Figure 2Figure 2

S

JERIIAZS: ... band c). The Taklimakan was ..

... [52]

: |

WA TiE:12 pt

(

R k12 pt

Desert was controlled by the westerly jet stream at 100_hPa (Figure 2. d). A Jow-pressure

[ B B PY 45 Figure 2. Figure 2Figure 2

|

system at low levels, fermed a heat low (Figure 3.), dominated most of southern Xinjiang and

resulted in continuous high temperatures over the desert. This situation favored subsidence

and served as a triggering mechanism for the deep PBL in the region jn the subsequent two to

three days (not shown).,

3 Results

3.1 \Validation of the deep CBL structure

Jhe time series of the surface variables at Tazhong station from the CTRL simulation for

1 July 2016 are presented in Figure 4. a and b. The results show that there are large

WA 12 pt

MIBREI % ...). The

[53]

[ I B P45 high

\

AN T2 pt

JRBR I A 25 which is ...ermed of

... [54]

JRBX I 2 Figure 3.

JRIBS IR A 28 Figure 3Figure 3

JRIBR I 28 area of ...outhern Xinjiang and resulfed-i

JEEIEIERILE

... [55]

R A A

BB B PIZS: <#>Sensitive to Lateral Boundary

Condition(LBC)
Simulated d

FHBR I 28: Simulated d...he time series ofiurnal

... [56]

MERHIAE: 0

discrepancies jn the thermodynamic surface variables (surface temperature, and the sensible

Hig U

MR B P2 Figure 4. Figure 4

and latent heat fluxes) between the model and the observations, The surface sensible heat flux,

g

o
N
N

|

BB A A

LR

FHBREI 2 ,...and b. R...he results show that th

JJ

... [57]
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795

is far Jower in the observations (maximum,243 W m ) shan in the model (maximum, 613 W

JRBX I 2 less ...ower in the observations

[W}

mfz)uindicating that the sensible heat flux from the WRF simulation is 2.5 times than that of

the observations when they are both at their maximum. By contrast, the ynodel shows a

significant cold bias for the surface temperature, which is much higher in the observations

(maximum, 70°C) than in the model (maximum, 50°C). To further verify the surface variables

the gyootsmeangsquare, error (RMSE) and jnean bias (BIAS) are calculated, including

RIBREIPA: , the

|

-

integration hours from 3 to 12 h for Tazhong station (Table 2). The model significantly

MIBRBIPIZ: in ... Table 2). As mentioned earlier,

overestimates the, sensible heat flux (RMSE 263.636 W mfz, BIAS:250.14 W mfz,) and

dramatically underestimateg the, surface temperature (RMSE 14.65°C, BIAS13.37°C).

NN

There are two possible reasons for the model sensible heat flux being far greater than

BRI A % Three

—

that of the observations. First, jnismatches jn land use between the model and the

MR B9 A 51 result in....or the model SH...ensible

... [60]

observations. The WRF models uses land pise categories to assign static parameters and initial

T BRI (

%

BRI ZS: (1) ) Tthe...irst,

61

values to each grid celle.g. the albedo,and surface roughness; Schicker et al. 2016). However,

{ R B A 25: mismatch

Figure 1. g shows that station EC is surrounded by a mixgure of grass and sand. Thjs complex /-

FHBR I 28 of ...n land -...se between the model

... [62

(ks sRB: 76012 pt

underlying surface may not be adequately reproduced by the model and gnay have an impact

{ MBI A 25 Figure 1. Figure 1

N

LK E

on the overestimatjon of the, sensible heat flux, Second, the sensible heat flux and fhe latent /

JHER I A Z: ... .shows that the EC .. .tation EC is

... 163]

O

heat flux,based on the eddy correlation method jnay be underestimated (LeMone et al. 2013).

JRIBR B A28 (2) it is should be noted that...econ

i

... [64]

Jt has been shown that if the other two terms in the budget, (the net radiation and flux into the

soil) are accurate, then the data used for the whole experiment to find the sensible and |latent /-

{ HEIE [LP3]: Please give ‘E + LE’ in full (no abbreviations).

heat fluxes for Tazhong station are, on average /5%, of the values required fo balance the

\{ BRI 2 H. . .ensible + ...nd LE

65

surface energy budget,

/[ JHBR I 28 equal to an...n average of

66

| B 70

FHER A 28 what would be...he values required

fp [67]

{ FARR IR 28 (LeMone et al. 2013)

LIET)
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Jn_contrast with the large differences,in the surface variables between the model and the

observations, the near-surface variables (the 2 m temperature, the relative humidity and the 10

m wind speed; Figure 4. ¢, f and ¢) jn the model are higher than jn the observations, The time /-~ )

series evolution of the 2 m temperatures follow those of the pbservations (RMSE, 1.66, BIAS, \

{ MR ¥ P9 25 Despite
[ MBI A & surface

/ JHBR I 28 0...n the surface variables between t Fig]

A g

| MBS P 2 Figure 4. Figure 44

‘ MR (Figure 6 €)

1.61), but the model produces a surface, warmer by about 3 K at the beginning of jntegration,

and 1 K when the model and observations both reach their maximum temperatur

Jhe results indicate that,the near-surface relative humidity in the model is close to the

N

BIBRBIPNEE: ..., fand g) are closer to measurem -5

Jinnltinn

[ FHBR I 28 nearly

{ JHIBR I 28 observations

MIBRIIPIZE: :...1.66, BIAS:...1.61);... but the m 70

initial observations (Figure 4. , f). However, the humidity jn the model jncreasgs during, the 7 iR

first few hours of model integration, whjle the pbserved humidity decreases. After three, hours,

of spin-up, the model reproduces the evolution of humidity reasonably well, in agreement

with the pbservations (RMSE,1.22), but the, values are higher than the observed values (BIAS, -

1.11).

One reason for this discrepancy is the overestimatjon of the soil moisture content during

the simulation. The soil moisture content can have a strong influence on the near-surface

humidity. An overestimatjon of the soil moisture content, in the initial condition of the model,

Jmay result in a considerable difference,in the humidity of the near-surface layer (Talbot et al.

2012). In pur simulations, the model produces Jarge overestimates of the soil moisture content.

At nitialization of the model jn the CTRL simulation, fhe soil moisture content at 5 cm depth

at station EC was 0.230 m3,m73,.whereas the jnitial value in the model was 0.6 m’ m > (Figure

4. d). This large overestimate of the soil moisture content results in a continuing increase in /

the latent heat in the model (Figure 4. p, f), As a result, the near-surface jn the model is far

moister than Jn the observations during, the first few hours of model integration. The model

R

/ [ JRIBR B P 28 Figure 4. Figure 44

FHBR I 28 Results ... he results indicate 7]

[
{ MR B 2 Figure 4. Figure 44

EEL L

FHBR I 28 from ...n the model keeps ...ncreasil [72]

| R

{ JHBR I 28 observation

BRI 28 ... 1.22), but their...values are relati ; s

4 1

7 BERIIA %28 e...on of the soil moisture content dup f74]

E

JHER I %8 the ...ur present ...imulations, the m kil

N

[ FER I A28 Figure 4. Figure 44

FHERIIAZS: ...). This large overestimate of the spi [76]

i

MEBKRE: ..., f) from the model continue to ing 7]

1

‘| MBI 25 from the model to continue increasing, then
forces near-surface far moister than observation at the first

few hours of model integration.

{ JHBR I 28: An interesting result to note is that t
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simulation has the ability to correct some of the bias due to the initial conditions of the

surface,and the results from the CTRL experiment are closer to the pbserved values after three

hours, of spin-up,

Figure 5. , (solid lines) compares the potential temperatures simulated by the model with

the GPS sounding measurements_(dash lines) at Tazhong from 0800, to 2000 BJT pn 1 July

2016, ,The radiosonde,was about 7 km away from Tazhong, when jt reached a height of 6 km,

The profiles of the model simulations are therefore averaged at a radius of 3.5 km from the

measurement station. When the model is initialized at 0800 BJT, the nocturnal inversion

reaches 300 m (not shown). [This inversion is eroded in the model by 1100 BJT, in agreement

/

with the observations, and both_the model results and the observations reach,about 300 m at

1100 BJT (Figure 5. 2). However, the simulated CBL grows faster in the morning than that in

the observations due to a larger sensible heat flux, reaching 3500 _m (3000_m in the

observations) at 1400 BJT (Figure 5. h). The simulated and observed CBL heights exceed

4000, and 5000 _m, respectively, at 1700 BJT (Figure 5. ¢). This indicates that the simulated ; ‘

CBL jncreases_more slowly in the afternoon than the observed CBL. Compared with the

measurements, the model is initially cooler, but with a faster heating rate in the morning. As a

result, the model is warmer than the pbservations in the afternoon, put in agregment with the

observations py the end of the day. This may be due to the differences jn the potential

temperature lapse rate above the top of the mixing layer between the observations and the

simulated results, [The stronger simulated inversion layer yestricts the development of the

/

CBL,

JThe model initially simulates a cooler and drier CBL at 1100 BJT on July 2016 than the

4

{ MBS ¥ P9 %25: Figure 5. Figure 5

/[

| MBI 2 Figure 5. Figure SFigure

7| BB P92 abilities ...bility to correct some oftlti‘ni%

|

BRI ¢

|

FHBR I 28 observation ...bserved values after 3 (—hmﬁ

FER KA 2: The model simulated ...otential tem, ¥80]

BRI PI 25 Figure 5. Figure SFigure

FBRIIAZ: ...). However, the simulated CBL g g

TR ¥ P

{
{

| B,

MIBXBI P ZE: At 1700 BIT (Figure SFigure c),, t. [82]

[ JRIBE I P 28 Figure 5. Figure 5

MR B Y 45 grows ...ncreases more slowly in the P83]

KL

| MBI A %5: The main source of model error is inauthentic

cold advection within PBL in the afternoon which will be

discussed below. Another

JIER B A 28 One possible minor reason is. ..his m PE

/{ JHERKIA 2 , ... simulated

... [85]

4

BB Y 45: Simulated. .. he stronger simulated iny==ei [56]

q

B EI A 5 Han et al. (2012)

C HIB& 1 3 28 : Moreover, in terms of CBL temperatures, t

11

|
A
|
{

RIBEI A P
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143 observations, {Figure 5. a). Compared with the observed potential temperature profile, the /{Ml%ﬁﬂﬁ?: ed...tions,...at 1100 BITO1 JUL [W}
. | B Figure 5. Figure SFigure 4 }

144  CBL appears earlier in model forecasts due to an obvious warming in the surface layer. The, BIBREIN 2 o ...ith the observed potential tempepatuea T

145  gesidual layer,may play a key part in the deep PBL pver the Taklimakan Desert, At 1100 BJT,

FPSCERBIESC CRIK), FEREIE: 0T 1
JHIBR I 282 was about 300 m ...n the observatio

{ﬁﬁiﬁﬂﬂ: FA&: (BRIN) Times New Roman, (H130)

146 when the CBLH (Convective Boundary Layer Height) jn the observations was about 300 m,

|

. 89

147 the potential temperature was about 317 K in the PBL and 320 K in the yesidual layer, When

148 the potential temperature in the CBL increased to the value in the yesidual layer (320 K), the

149 CBL merged with the yesidual layer, and the height of the PBL jn the observations reached

150 3000 m at 1400 BJT. These results are in good agreement with those of Han et al. (2012),

151  who, by analyzing pbservations from 4 CBL in the Badanjilin region, found that the CBIL,

152 developgd rapidly after 1200 LST, possible as a result of the disappearance of the, inversion

153 layer,
o5,

154 When the sensible heat flux reached its maximum at 1400 BJT (Figure 5. b), the {)ﬂﬂl%l?]l*]ﬁ.l—lowever,w
| MR I SH

155  potential temperature profile was closer to the observations than at the initial time, and their JHBR K P25 has .. cached 0]
| R g

156 valuewas higher than the observed values. By 2000 BJT (Figure 5. d), the height of the CBL, N
A\ | ANER TP extent

{ JRBR I A 28 Figure 5. Figure SFigure 4

157  in the model reached its maximum value, consistent with the observations, despite being

JHBRHIA 28 is ...as closer to measurements ...he [91]

158  about 0.4 K cooler at lower levels (<2.5 km). One cause of the higher temperatures produced

{ BB W 45+ Figure S. Figure SFigure 4
| MBXEI ¥ PBL height

\| BB& B A 2 H...in the model reaches. .. its maxi

LN NS

159  jn the model jnay be the large difference in the surface heat fluxesand we concluded that the

i

... [92]

160  surface sensible heat flux from the land surface parameterization was the crucial factor

v“:\ JRIBR Py 2 , ...onsistent with the observations, a

3

... [93]
161  affecting the CBL processes during the daygime in summer. Differences in the surface HBIEREIA2: of approximately....cing about 0.4 K f94]

162  sensible heat flux create differences in the vertical development of the PBL. Thus, the large

163  difference in the surface sensible heat flux between the model and the observations may lead

164  to differences in the growth of the CBL during the daytime and in its peak depth during the

12
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can_artificially be modified, o control, the calculation of the surface fluxes. Sensitive

simulations will be realized and discussed in next section,,

{ JRIBE B P 28 : Fortunately, one can artificially modify t

}

LLLLES

|

JHBR I 28 he ...urface SH...ensible heat flux c%}

{ BB 2 modified

}

Figure 5. . also shows vertical profiles of the vapor mixing ratio (dashed lines) at

BRI AN E: ,...which ...o controls...the calculati

... 196

| R

Tazhong station. The simulated profiles with a lower yesidual layer are much drier than the

{ BRI PO 25 Figure 5. Figure SFigure

)
|

observations from 1500 to 3500 m at 1100 BJT. Vertical mixing results in a uniform structure

of the vapor mixing ratio within the CBL, so the differences between the profiles of the

simulated results and the observations are yemarkably reduced when the CBL js above 4000

m at 1400 BIT. The differences are generally <] g kg ' at 1100 BJT, reaching a maximum of

0.3 g kg at 1400 BIT. However, he PBL shows an inverse layer at lower levels (<2000 m)

with a measured moisture content of 2.8-3.6 g kg ', which is not captured by the model. As

the CBL, grows, the inversion moisture structure below 3000 m develops and is maintaingd

below 3000 m from 1400,to 2000 h BJT. By the end of the day, the simulated humidity of the

CBL js higher than in the pbservations, because the model cannot reproduce the jnverse

moisture layer within the CBL,,

Jhe inverse pattern in humidity may be caused by the jnteractions between the

heterogeneous pattern of humidity and large-scale advection over the underlying surface. For

instance, the interaction of an oasis with the desert environment may Jead to an inverse

humidity layer in the PBL above the desert. One possible reason for the discrepancy between

the model results and the observations may pe an error in the classification of land use type.

The USGS land_pse data in the ARW-WRF model is based on Advanced Very High

Resolution Radiometer, 1 km resolution satellite data during the time period 19921993 and

13

/] BB B also ...hows vV...rtical profiles of fo7]

{ BB PY 45: with no ...nverse moisture layer WitWL@%‘H

e

FHER I 28 Inverse ... he inverse pattern in humids

.. [99]




352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

this land yuse data may no longer be accurate in the Taklimakan Desert. Misclassifications

JHBXHIA 2: - .se data may no longer be outdatef‘—milﬁ(i)ﬂ

have also been found in the USGS land pse data, which is the default land pse dataset in the

WRF_model (Schicker et al. 2016). This is confirmed by the discrepancies jn land yuse

between the simulation and the observations at Tazhong station, [The large-scale advection of

dry air can affect the moisture profile. The moisture content is also wvariable in the horizontal

direction, so advection at Jow levels jnay contribute to the dgjer conditions jn the lower PBL | -

HB& T A 4 at bottom base of the

and mmore moist conditions jn the upper PBL between 1100 and 2000 BJT,|

The mismatch between the model results and the observations in terms of moisture

HL¥E [LP4]: This sentence has been edited for clarity — please

check and confirm meaning is now correct.

content suggest that the effects of land pse type and large-scale advection need, to be

FRRS PRI A 28 moisture ...ore moist conditions at

1 FERIIAZS: .. .nd the observations in terms of

... [102]

quantified and that more detailed data may be required for the Taklimakan Desert (both land

and atmosphere) fo realize more realistic yesults. Extra care should also be taken with the

sparse and Jimited data at the periphery of the Taklimakan Desert (ter Maat et al. 2012).

3.2 Sensitivjty to the lateral boundary conditions,

After verifying the details of the LES experiments, we assessed the sensitivity of the /{M‘Jl%ﬁﬂﬁ?:

/{ pillZ3i ok e...ty to the lateral boundary [ﬁ

simulation...experimentss

[ﬁ

simulations to the time resolution and domain size of the specified LBCs. For a one-way nest

JIBR B9 A 28 LES ...imulations to the time resolyt: 11051

the specified LBCs are obtained from coarser simulations. The analysis and forecast times

from a previously,run larger area simulation are used to specify the LBC, The primary cause

MBI P s

of the differences in the structure of the PBL was diagnosed as the difference, in the domain

MBR B A 45 PBL ...tructure of the PBL was dia; [106]

sizes and frequency provided by the coarser resolution. The aim was to assess the sensitivity

of the finer LESs to uncertainties of the specified LBC forcing by ynodel simulations with a

FHBR I 28 the time frequency and domain size

larger area,,

MIBRHIPIZ: S...he specified LBC forcing by

|

Figure 5., compares the profiles of the simulated potential temperature and vapor .-

JRBR I A 28 Figure 5. Figure SFigure 4
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468

mixing ratio profiles from the LBC sensitivity experiments and observations. JThe results SEREIN: R...he results indicat... howe

...that,

681

show, that, there is a distinct relationship between the development of the LBCs and the CBL.

[ M B P 28 more moist

Jhe profiles produced by the model are almost all the same at the initial time (not shown). | MIERIIA A er. free troposphere. Such

... [109]

{ JRRR I 28 Figure 5. Figure SFigure 4

However, the yesults show that there are large discrepancies in the CBL structure among the

[ BRI H0 S AL

JHIER B9 P 8 Furthermore, in...ver the next three

... [110]

different experiments, The results indicate that a larger domain size and higher time

{ JRIBR I 28 Figure 5. Figure SFigure 4

[ HRRN: A SRR

frequency for the LBCs leads to a warmer and drier PBL, but a cooler and jmoister, free

FBREIAZ: ..., b). The potential temperature

LI

troposphere. This sensitivity is monotonic with respect to the LBCs (Figure 3.,). Over the next

{ JRIBR I 28 Figure 5. Figure 5Figure 4

| BRI PSR

three hours, the differences between the sensitivjty experiments jncreasg pver time (Figure 5.

WA Z: ...)....Finally,

112

BB EI A and

2, b). The potential temperature profiles within the CBL diverge,at 1100 BJT. However, the

results show a greater convergence jn the afternoon as the CBL continues to grow (Figure 5. ¢ MR B P 25 Figure 5. Figure SFigure 4

il
| by
%%ﬁﬁm:ﬁﬁﬁgﬂ%&

el HE

Dbut the largest discrepancies are found at end of the day (Figure 5. d) when the model CBL g

MIBREINZ: ...) where... the model CBL pote

... [113]

[ AR : k12

potential temperature is warmer than the observations by up to 0.7 and 0.9 K in BDY T2 and

’ { TR B A 45 Figure 6. Figure 6 6

(MR 12 pt

L

BDY TI, respectively,

JIBEEIAN 2 sections...along 39.03°N ...fthe h

... [114]

[ WHRRG: Fiho12 pe

Figure 6. shows cross-sectiong of the horizontal winds along 39.03° N, superposed with j

[ JRBR I A 25 Figure 6. Figure 6 6

[ BReRB: F 12 pt

theta and the vapor mixing ratio. Less, frequent updates of the LBCs are, desirable jn the cold

ik

MERERIRE: .., c). L... larger domain si;

ze, wh

[115]

AR TR 12 pt

zone near the LBCs, which results in cold advection of the temperature and moisture to the

area of interest (Figure 6. b, c). A larger domain size, which changes the distance of the area 7 M P12 pt

{
[ MBI P 28: Figure 6. Figure 6 6
{
s

L

of interest from the LBC, is efficient jn redugjng the influence,of large forecast errors near the

LBCs on the area of interest (CMP, Figure 6.2, c). .,

BRI 925 The results suggest that the model results are
sensitive to changes in the time resolution and domain size of

Sthe specified LBCs. The mismatch among sensitive

experiments is present means that the effect of the LBCs

To further examine the impact of the LBCs on the turbulence jn the deep Taklimakan

in the sub-kilometer-scale simulations.

needs to be quantified to realize a more realistic performance

Desert, CBL, the instantaneous vertical velocity fields are shown in Figure 7‘. By 1400 BJT

WIBRBIPIZE: S... on the turbulence of...n the de

. 16

the convection of the CTRL simulation had clearly intensified under strong surface heating | {ﬁtﬁi [LP5]: Is Figure 7 correct here?

{ FHIBR TP 282 obviously

i

15
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(Xu et al. 2018). ;Thus, the maximum vertical velocity reached 9 m s and the depth of the

JIBEEIANZE: .. hus,...the maximum vertical vel(mih'ﬁ

| o R
mixed layer grew, to about 4.3 km (Figure 7] a). The distances between the boundary layer [ [LPS]: s Figure 7 correct here?

1 MIBRIIAZS: .. he distances between the boundéfm—“““f'ﬁ

rolls correspondingly increased to about 12 km and the height of the peak up-draft was raised

to just under 4 km. [JThe cellular shape of the up- and down-drafts characteristic of the

boundary layer rolls is glear in the horizontal view showing the strength of convection\. The

layer rolls” — please try to clarify.

“| #i£¥E [LP7]: It is not clear what you mean here by ‘boundary

BDY T2 and BDY_ T3 experiments (Figure 7p. c) both reproduce motions with much weaker | ##E [LP8]: Is Figure 7 correct here?

D S

1 BBREIRA: ..., ¢) both reproduce motions wiﬂtmmkﬁ

maximum and minimum values at the boundary of the domain. In BDY T3, Tazhong station

at the center of the model §s directly influenced by the inflow of cold advection produced by

the low;frequency LBGCg, yesulfjng in much weaker maximum and minimum values of w

(about 6 m s ). However, despite the underestimatjon of the potential temperature, the w

fields jn the BDY T2 experiment are similar to those in the CTRL experiment jn plan view,

and the horizontal extent of the up;/down-drafts agrees with the CTRL gxperiment,

7| MIEXFIRZ: ..o further examine the vertical stfmh%

Jo further examine the vertical structure of the desert CBL, Figure 8 presents vertical

cross-sections of w along Tazhong station (39° N), Wide and regularly spaced up-drafts along

A1-A2 split into stronger and more irregular motions in the CTRL and BDY T2 experiments.

A iR 7 (P30 SimSun, 10 pt

The up-drafts are much weaker in gxperiment, BDY T3 (Figure 8. ¢). The peak up-drafts in

{}WJ%E@V\]?: Figure 8. Figure 88

BRI T (P30 Sinsun, 10 pt

BDY T3 are about 4 m,sfl, much weaker than jn the CTRL (9,m sfl) and BDY T2 (8 m sfl_)

)
}
|

MBREIAZ: ...). P...he peak up-drafts io... BDfmTﬁﬂ

experiments. The jnflow boundary is wider,in BDY T2 and BDY T3 and the intensity of the

convection is weaker at the boundary. ;JThe horizontal distribution of the vertical velocity at

Tazhong station in BDY T3 js much weaker than in BDY T2. The results suggest that the

model results are sensitive to changes in the time resolution and domain size of the specified

LBCs. The mismatch among sensitive experiments means that the effect of the LBCs needs to

16
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be quantified to realize a more realistic performance in sub-kilometer-scale simulations.

RE T
3.3 Simulations with different surface sensible heat fluxes and, land surface /{ MIEREI A2 (SH) ...nd surface- — T3]
| mwpy e
models
{ JHIBR I 282 primary
An jimportant cause of the differences in he structure of the PBL was determined to be /7 ABIBREIA A PBL ... he structure of the PBL was (ties=qepdyy

{ FHIER B9 P 28 : surface sensible heat flux

the, differences in sensible heat flux predicted by the Jand surface schemes. The sensible heat /~

BRI PIZ5: SH....ensible heat flux predicted by

... [124]

: FHRR I 28 surface sensible heat flux

flux is a key factor affecting the height of the CBL, during dayfime in summer. The difference .
\ MIER ¥ P92 SH...ensible heat flux is one of the

B ¥ P 2 dominant
| e

| Mt dept

| BRI PI%%: summer ...ay ...ime in summer. Th
MBI 25 the

\ | MBRAIPI: PB...he L ..rowth of the PBL duri

... [125

between_the models and observations may _therefore lead to differences in the growth of the

——

PBL during the day, To further confirm whether this occurs, fhree additional sensitive

simulations were realized based on the CTRL experiment. JThe Noah land surface, model

...-[126]

LRI

replaced the RUC land surface,model in the CTRL experiment,and the sensible heat fluxes for

|

... [127]
JHBRIIAZ: and in its peak depth during the simulated day

HFX-125%, and HFX;75% are %125 and %75 that of the CTRL, (HFX -100%) experiment, !

| RBP4 ;... To further confirm whether this
BEREIRE: two

| BB EHIPI % For Noah experiment...he Noah lan
BRI For

BIBREIKZ: ,...and HFX ...75% the surface senss
M P25
BRI PIES: ... while the other parameters remai
MR P2 from

JHIBR 1 P 28 Figure 10. Figure 10
\ BRI RS A
BRI PIZ: ed...that HFX-75% successively i

[128]

while the other parameters remain the same,,

The results yn Figure 10. . and Table 2 show, that HFX-75% successively improved the 129

Kk

simulation of the gensible heat flux with an RMSE, of 151.12, compared with 263.64, and

... [130]

b

357.11 in the CTRL and HFX-125% experiments, respectively. JThe, Noah Jand surface

131

experiment vyielded the best performance jn terms of the sensible heat flux, the surface

temperature and the air temperature. However, the Noah Jand surface model showed large

1

|

discrepancies with the observations in terms of the soil, moisture, content, yesulgjng in a ... [132]

MBI PIZ: F... further examining
[#mRm: FiE12 ot

) { BRI I 45: Figure 9. Figure 9

[ Fh12 pt

[ MBI A % The results ...ndicates that ,
/ BRI 2 with... smaller SH

/0 N and

{ BIEREIP A er

... [133]

dramatic, overestimate of ghe latent heat flux and relative humidity compared with the CTRL

experiment.

... [134]

A further examination of the potential temperature and vapor mixing ratio (Figure 9. )

Jndicates that 2 smaller sensible heat flux leads to a cooler, more jmoist, lower PBL and a

Rl
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//{ JBRHIAZ: and ...rier free troposphere

MR B Y 25 Such .. his sensitivity is monotonic

warmer, drier free atmosphere. [This sensitivity is monotonic with respect to the sensible heat ... [136]

T

£

flux. The structure of the CBL from the HFX-75% and Noah experiments matches, the GPS IG5 P 25 determined ...rom the HFX-%...5%

... [138]

radiosonde measurements better than the CTRL_(HFX-100%,) simulations. The potential IHERAIPIZ: (.FX-100%) ... simulations. Th [139]

|

MERHIAZ: CTRL...nd  (...FX-125% experi

i

... [140]

temperature profiles from the CTRL_((HFX-100%) and HFX-125% experiments are

. 1 0,
whereas the JRIBR B A 2 while ...hereas the results from the T

consistently warmer than the observations by about 0.4 and 0.5 K, respectively,

{ MBREI A 25 CTRL (HFX-100%)

{#MRM: k12 pe

{ B B 1 45 Figure 9. Figure 9Figure
{

results from the HFX-75% and Noah_experiments are within about 0.2 K at 1400 BJT (Figure /

9. p). Jhese results suggest that the model js sensitive to changes in the sensible heat flux

RN 12 o
| M

230 (@A) [2]

MR (¥ PI 25 resullts are...s sensitive to changes i
" \{ JBRIA 2 S.. .mulations  results
. FBR I P9 25 but remain
AN 7k 12 pt
JRBR IR A 2 Figure 9. Figure 9Figure
AN Tk 12 pt
L | IBR A Y2
| B

B\ E# [2]: The results suggest that the model results are

from the land surface, model. The sj

are still differences at 2000 BJT (Figure 9. d). The JIFX-75% and Noah experiments with a

... [142]

g1 8

... [143]

weaker surface sensible heat flux still produce almost the same, deep CBL as the CTRL and

HFEX-125% experiments. This indicates that the sensible heat flux may not the dominant

factor yn the formation of the deep CBL over the Taklimakan Desert,

The results of the simulations qof the desert PBL in the morning agree with previous

studies of the sensitivities the land surface,model jn other areas (Hu et al. 2010; Zhang et al.

sensitive to changes SH from land-surface model.

)

2017). However, all the experiments produce nearly the same height of the CBIL,and moisture MR B P can .. till produce almost the samet . [144]
MIBXBIPIZS: R. .. he results of the simulations on.,

MBI A 2 Figure 9. Figure 9

BB PI45: SH. . .ensible heat flux on the evolut

... [145]

content from 1700 to 2000 BJT on 1 July 2016 (Figure 9. b, d), in agreement with the {

i 4

observations in the PBL. The effects of the sensible heat flux on the evolution of the PBL 146

structures in the Taklimakan Desert during this period peed, to be gxamined further fo

determine why ghe simulations are insensitive to land surface, processes at, the end of the day,

As yeported by Stull (1988), the development of the CBL is mainly influenced by the effects

of thermodynamic and turbulent entrainment Jf we do not considerfactors such as large-scale,

advection or subsidence. Jn addition to the surface sensible heat, the intensity of the

18
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entrainment process determines the increasg in the, CBL. Thusg the entrainment rate w. is a MFEHI AR ing... in the rate of .. CBL. Thus... ... [147]

valuable indicator of the development of ghe structure of the PBL. [The rate of growth of the

determined by the entrainment rate w. at the inversion layer without

considering large-scale, vertical motion. w, usually has a positive correlation with the amount

of heat flux at the inversion layer (w'@v ’)h and LES experiments show that (w'ev ’)hﬁ ”"[ﬂ“l‘ﬁﬂgﬁﬁzlarge }
. T . - HREEEK )

about 0.2 times the surface flux of the buoyancy (w'90 '). During the period from 1100 to kiiﬁ“l‘%ﬂﬁlﬂﬁ:, }
‘ - HRBEEN (T

1400 BJT, a larger sensible heat flux is clearly correlated with stronger turbulent entrainment MER K1 PI2: larger SH ... larger sensible heat ﬂuH. —T149]

and warmer air from the free atmosphere entraining into the Mixing Layer

{ HEIE [LPI]: Please give ‘ML’ in full — no abbreviation.

.

the CBL develops rapidly and warms too guickly in the early simulation phase due to the

JRBR I A28 is ...arms too fast...uickly in the ea%

glear jncreasg in temperature and strong vertical mixing in the model. [The reduction in the

sensible heat flux reproduces the gvolution of the desert PBL better jn the early simulation

phase_pecause the, HFX-75% and Noah simulations produce the smallest simulation errors in

both temperature and moisture. However, ghe height of the CBI, and the potential temperature

for HFX-75% and Noah yeach >5000 m and 323.2 K, respectively, at 1700 BJT (Figure 9. a). |~

B B 1 45 Figure 9. Figure 9Figure

/| BIBEEIANZ: ...). For the rest of the day, the inc

i

... [151]

For the rest of the day, the yate of increase in the height of the CBL slows due to the deep

CBL (>5000 m), which requires more heat for the jncrease in the depth of the, PBL, .

decreases with increasing Jjntensity of the inversion, which inhibits the mixing and

entrainment processes. These two factors Jimit the growth of the CBL when the height

is 25000 m in this deep desert gvent. Therefore, increasing the gensible heat flux from 75 to [~

{ MIBR B PN 22 example

TR BT A& ,...increasing the SH...ensible heat

. 152

125% significantly reduced the total time yequired for the increase in the CBL to a relatively

- s

low altitude (<5000 at the middle and preliminary stages of the development of the CBL

e,
rather than produces a higher CBL at a later stage. When the height of the CBL over the .~ {)ﬁﬂl‘%ﬁﬁl*_lﬁ.the

LB
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Taklimakan Desert, exceeds 5000 m, it may not change jn proportion to the sensible heat flux

JRIBR B 28 desert...exceeds 5000 m, it might F&Lﬂﬂ'ﬁ

(Figure 9. d). As a result, the PBL js basically the same, in the WRF simulations and is not /-

BB I 45: Figure 9. Figure 9

TR A ...). As aresult, the PBL of WRF '[154]

sensitive to the sensible heat flux at the end of the day, Z

MR P

4  Summary

JBIBR B A 28 This paper assesses

In this paper, we assessed the performance of the WRF, model LES,in an example of a _ %

BB A W

deep convective PBL pver the Taklimakan Desert. The tests were performed with multiple

M B N & Weather Research and Forecasting [155]

1Rk s

configurations and sensitivjty experiments. The sensitivity tests for the LBCs showed that the

model results are sensitive to changes in the size of the time resolution and domain of the

specified LBC. A, larger domain size changes the distance of the area of interest from the LBC

and, is efficient jn redugjng the influence,of the large forecast error near the LBC,,

Jhe model reproduces fhe evolution of PBL processes reasonably well with the

configuration used in this study. The model shows discrepancies between the main CBL

characteristics in the morning, including the thermal and moisture structures. The model

| MBI 28 Whereas, the more frequently updated LBC is

desirable to inhibit model error near the LBC. Air variables
(air temperature, relative humidity and 10m wind speed) are
closer to measurements than at surface, but their values are
relative higher than those observed. However, it is found that
discrepancies of thermodynamic surface variables (the
surface temperature, sensible and latent fluxes) between

model and observation are large during 12h simulation.

simulates the relatively colder and drier morning CBL,, underestimating the temperature in the

JHBR I 28 Consequently, with the configuration used in

this study, t...he model reproduces reasonably w

i

... [156

TR Z: well

l

near-surface layer at Tazhong station by up to 1.5 K and the moisture content by 1 g kgfl, JLhe i

FER IR %S it ...he temperature in the near-surf: PET]

overestimation of the CBL profile may be caused by initial discrepancjes between the model {

MERIIAZ: ¢

K

and ghe observations. This indicates that the results are sensitive to the jnitial conditions of the

FERIIA 2 y...es between the model and meas

... [158]

/

JHIBR B A28 struggles to ...orrectly simulate [159]

model, although the simulation seems to be able to correct some of the bias due to the initial

JRIBR I A 2 more moist

conditions. [The model correctly yeproduces the thermal structure_in the afternoon, but the

JHES B A Z5: er.. .than thos. .. observed . T160]

{

MEREI A Theta

simulations are relatively warmer and jmoister, than the observations. [The potential /7

s

L aHe

i

MBI 25 which ...t the CBL appears warmer [161]

temperature profile at the CBL appears yvarmer fhan the observations by about 0.4 K. The /[

B B PI 45 by up to about 0.4K compared to... [162]

model seriously overestimates the ynoisture_content in the afternoon, and overestimates_the [

MBI 25+ overestimate

JHBR I 28 afternoon ... oisture content in the a

|

... [163]
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124

vapor mixing ratio jn the CBL by about 1-2 g kg ', The largest discrepancies are found in 03

B BP9 28 by about 1 to 2 g/Kg ...n the CBL by

... [164]

km layer, where the model vapor mixing ratio is twice as moist as that of the observations (up

to about 3 g kg']), { MBI A Z: above AGL

\{ MIBRII A2 as observed...

11

... [165]

Jhree additional simulations were realized to confirm whether the large differences jn

JHIER 1 A %28 Furthermore, two t...hree additional

y

... [166]

the sensible heat flux lead to differences in growth of the IcBI1) during the daytime,yelative to /-

HLiE [LP11]: Please give ‘ABL’ in full (no abbreviation).

RIBREIPA: A

the CTRL experiment. The results suggest that the model results are sensitive to changes in

BIBREIRIS: ,...based on...elative to the CTRL

... [167]

4 { BRI N 2 from

the sensible heat flux and different land surface models. The large difference between the

/| MBI 28 - urface models.

The large differe

... [168

model and observations may lead to differences in ghe growth of the CBL during the daytime.

//// JRER I A28 the ...n dominant

Jt was concluded the surface sensible heat flux is an jmportant factor affecting the processes

... [169]

|
N {ﬂﬁ'“%ﬁﬂwg:CBL
|

of the CBL over the Taklimakan Desert during the daygime in summer. However, its peak ‘k AP depth

i

BEBREIPIZS: summer ... he day

depth during the simulation was less sensitive to the sensible heat flux because yv, had

...ime in summer,

|

... [170]

decreased by the end of the day. One should note that the CBL of Taklimakan need several

days of favorable environment to reach its super depth (> 4000m), and sustained high

temperature and SH is the crucial factor for CBL to develop from shallow to deep CBL. The

SH is not dominant factor, but still an important factor affecting the deep CBL,

7| MBREIPZE:  Thus, the large difference between the model

and observation may lead to differences in CBL growth

Future work will study several other examples of a deep CBL pver the Taklimakan

during daytime and in its peak depth during the simulation.

FAEE IR 2 The f...uture work aimed to...ill st

... [171]

Desert to determine their common features. We hope to puse highesolution models and

observations to describe the fine characteristics of a typical deep CBL, over the Taklimakan /- *’[}E‘Jl%ﬁﬂﬁ?: by

i

Desert, particularly the turbulent and vertical mixing and its impact on the regional weather

forecast. This research aims to improve pur understanding of the deep CBL over the /{

JHBR I 28 is aimed ...ims to improve the

Taklimakan Desert and its influence on the regional weather and climate.
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Captions:

Figure 1. Simulation domains used in the ARW model with (a) the terrain height (shaded.

units:m), (b) the land use categories for domains D03 and D04 and (¢) photograph of the area

around Tazhong station,

“| MBI 28 Figure 1. Simulation domains used in the ARW

Figure 2. Horizontal distribution of the geopotential height (solid lines, units: da gpm), wind

speed (shaded, units: knots) and wind barbs from the NCEP FNL analysis at 0800 BJT on 1

July 2016 at (a) 850, (b) 700, (c) 500 and (d) 100 hPa Figure 2. Horizontal distribution of the

| MBI 28 Figure 2. Horizontal distribution of the

geopotential height (solid lines, units: da gpm), wind speed (shaded, units: knots) and wind

barbs from the NCEP FNL analysis at 0800 BJT on 1 July 2016 at (a) 850, (b) 700, (c¢) 500

and (d) 100 hPa,

| BRI Figure 2. Horizontal distribution of the

Figure 3. NCEP FNL 700 hPa potential temperature (colors) and mean sea level pressure

(white lines) at 0800 BJT on 1 July 2016. The black dot shows the location of Tazhong station

model with (a) the terrain height (shaded, units:m), (b) the
land use categories for domains D03 and D04 and (c)

photograph of the area around Tazhong station.

geopotential height (solid lines, units: da gpm), wind speed
(shaded, units: knots) and wind barbs from the NCEP FNL
analysis at 0800 BJT on 1 July 2016 at (a) 850, (b) 700, (c)
500 and (d) 100 hPa.

geopotential height (solid lines, units: da gpm), wind speed
(shaded, units: knots) and wind barbs from the NCEP FNL
analysis at 0800 BJT on 1 July 2016 at (a) 850, (b) 700, (c)
500 and (d) 100 hPa.

in Xingjiang province,

(BRAR: Tt l
| MBI 28 Figure 3. NCEP FNL 700 hPa potential

Figure 4. Time series of the initial simulated surface variables from the innermost domain of

the simulations and the surface observations at Tazhong station (83.63° E, 39.03° N) at 0800

(WRRE: 11 0 ]

temperature (colors) and mean sea level pressure (white lines)

at 0800 BJT on 1 July 2016. The black dot shows the location

of Tazhong station in Xingjiang province.

BJT on 1 July 2016: (a) sensible heat flux; (b) latent heat flux; (c) surface temperature; (d)

soil moisture content; (e) temperature at 2 m; (f) relative humidity at 2 m; (g) wind speed at

10 m; and (h) wind direction at 10 m,,

| BRI Figure 4. Time series of the initial simulated

Figure 5. Vertical profiles of the potential temperature (solid line, units: K) and vapor mixing

ratio (dashed line, units: g kgfl) from the innermost domain of the simulations and the

observations from GPS sounding at Tazhong station (83.63° E, 39.03° N) at (a) 1100, (b)

23

surface variables from the innermost domain of the
simulations and the surface observations at Tazhong station
(83.63° E, 39.03° N) at 0800 BJT on 1 July 2016: (a) sensible
heat flux; (b) latent heat flux; (c) surface temperature; (d) soil
moisture content; (e) temperature at 2 m; (f) relative humidity
at 2 m; (g) wind speed at 10 m; and (h) wind direction at 10

m.
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1400, (¢) 1700 and (d) 2000 BJT on 1 July 2016. The profiles of the model output are

averaged over a radius of 3.5 km,,

Figure 6. Cross-sections along 39.03° N of the horizontal winds (barbs, units: m sfl) at

intervals of 5 m s superposed with theta (shaded, units: K) and the vapor mixing ratio

(contours, units: g kg’l) from the (a) BDY TI, (¢) BDY T2 and (¢) BDY T3 experiments at

1400 BJT on 1 July 2016 and the (b) BDY TI, (d) BDY T2 and (f) BDY T3 experiments at

2000 BJT on 1 July 2016,

Figure 7. Instantaneous vertical velocity fields (shading: m sfl) at 3000 m for the (a) BDY T1 .~

(CTRL), (b) BDY_T2. (c) BDY_T3 and (d) Noah experiments at 1400 BJT on 1 July 2016,

Figure 8. Vertical cross-sections of the instantaneous vertical velocity fields (shading: ms )

e DI ]
| IBREI A 5: Figure 7. Instantaneous vertical velocity fields

/| BHBEEI A28 Figure 5. Vertical profiles of the potential

,‘“ JRIBS R A 28 Figure 6. Cross-sections along 39.03° N of the

temperature (solid line, units: K) and vapor mixing ratio
(dashed line, units: g kg’l) from the innermost domain of the
simulations and the observations from GPS sounding at
Tazhong station (83.63° E, 39.03° N) at (a) 1100, (b) 1400, (c)
1700 and (d) 2000 BJT on 1 July 2016. The profiles of the

model output are averaged over a radius of 3.5 km.

horizontal winds (barbs, units: m s ') at intervals of 5 m s’

superposed with theta (shaded, units: K) and the vapor
mixing ratio (contours, units: g kg™") from the (a) BDY_TI,
(c) BDY_T2 and (¢) BDY_T3 experiments at 1400 BJT on 1
July 2016 and the (b) BDY_T1, (d) BDY_T?2 and (f)
BDY_T3 experiments at 2000 BJT on 1 July 2016.

(shading: m s ') at 3000 m for the (a) BDY_T1 (CTRL), (b)
BDY_T2, (c) BDY_T3 and (d) Noah experiments at 1400
BJT on 1 July 2016.

along A1-A2 in for the (a) BDY TI1 (CTRL), (b) BDY T2, (¢) BDY T3 and (d) Noah

experiments at 1400 BJT on 1 July 2016,

Figure 9. Vertical profiles of the potential temperature (solid line, units: K) and vapor mixing

ratio (dashed line, units: ¢ kg ") for the sensible heat flux sensitivity and Noah land surface |

R R )
(mRE: T )
| B BT A 5: Figure 8. Vertical cross-sections of the

Y#ﬁﬁm:?wﬂlm )

instantaneous vertical velocity fields (shading: m s ') along
A1-A2 in for the (a) BDY_T1 (CTRL), (b) BDY_T2, (c)
BDY_T3 and (d) Noah experiments at 1400 BJT on 1 July
2016.

experiments at (a) 1100, (b) 1400, (c¢) 1700 and (d) 2000 BJT on 1 July 2016. The profiles of

the model output are averaged over a radius of 3.5 km,

Figure 10. Time series of the initial simulated surface variables for the sensible heat

flux sensitivity and Noah land surface experiments: (a) sensible heat flux; (b) latent

BRI TR pe )
/| MR B PO 28 Figure 9. Vertical profiles of the potential

(R Fh 1 pe )

temperature (solid line, units: K) and vapor mixing ratio
(dashed line, units: g kg ") for the sensible heat flux
sensitivity and Noah land surface experiments at (a) 1100, (b)

1400, (c) 1700 and (d) 2000 BJT on 1 July 2016. The profiles

of the model output are averaged over a radius of 3.5 km.

heat flux; (c¢) surface temperature; (d) soil moisture content; (e) temperature at 2 m; (f)

relative humidity at 2 m; (g) wind speed at 10 m; and (h) wind direction at 10 m,,

A BRI 712 pt

(R 71k 12 pt )
/| BB B I 28 Figure 10. Time series of the initial simulated

surface variables for the sensible heat flux sensitiy: 73]
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JHIB I 28 Figure 1. Simulation domains used in the

ARW model with (a) the terrain height (shade i ['174]
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Figure 3. NCEP FNL 700 hPa potential temperature (colors) and mean sea level pressure
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(white lines) at 0800 BJT on 1 July 2016. The black dot shows the location of Tazhong station

Jn Xingjiang province.
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Experiment Name Remarks

1 BDY_TI1(CTRL) LBC of D04 is provided by d03 everypne hour with
#03 x 406 model grids

2 BDY T2 As BDY_T1, but LBC of D04 is provided by d03
every gix hours

3 BDY T3 As BDY T2, but with205 x208 model grids

4 HFX %75 As CTRL T2, but witha sensible heat flux of 75%,

5 HFX %125 As CTRL_T2, but with a sensible heat flux ofyl 25%

G Noah, As CTRL T2, but with the Noah Jand surface model,

Table 1. List of designed experiments.
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In this study, model simulations compared for 12 hours from the Tazhong field

experiment, from 0800 BJT 01 July to 2000 BJT 01 July 2016. The field observation




experiment was held during the month of July 2016 in Tazhong, by the Institute of Desert

Meteorology (IDM), Chinese Meteorological Administration (CMA), Urumgqi. The main

station was located at 86.63°E, 39.03°N. The location is relatively flat with few hills and

covered by sand combined with grass (Figure 1), and the 12-h period of our simulation was

under a cloudless sky and dry environment. We conducted one way nest WRF from

mesoscale(12km) down to LES-scales(0.33km) and compare its results to various instruments

including:

1) surface fluxes: The eddy correlation system was a R3-50 supersonic anemometer

developed by Gill Company, UK, deployed at a height of 10 m. The data acquisition

frequency was 20 Hz, and the surface sensible heat flux was calculated by the

eddy-covariance method.

2) vertical profiles measured using soundings: Upper air soundings of temperature,

pressure, humidity, and wind speed and direction were conducted 3-6 times per day with the

GPS sounding system developed by No. 23 Institute of China Aerospace Science & Industry

Corp. (CASIC23). The sounding times were 01:15, 07:15, 10:15, 13:15, 16:15 and 19:15

respectively.
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Figure 10. Time series of the initial simulated surface variables for the sensible heat

flux sensitivity and Noah land surface experiments: (a) sensible heat flux; (b) latent

heat flux; (c) surface temperature; (d) soil moisture content; (¢) temperature at 2 m; (f)

relative humidity at 2 m; (g) wind speed at 10 m; and (h) wind direction at 10 m.
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Figure 1. Simulation domains used in the ARW model with (a) the terrain height (shaded,

units:m), (b) the land use categories for domains D03 and D04 and (c) photograph

of the area around Tazhong station.
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Figure 2.

Figure 3.

ARW model with terrain height (shaded, units:m); (b) land use categories for

domain D03 and D04.

Horizontal distribution of the geopotential height (solid lines, units: da gpm), wind

speed (shaded, units: knots) and wind barbs from the NCEP FNL analysis at 0800

BJT on 1 July 2016 at (a) 850, (b) 700, (c¢) 500 and (d) 100 hPa.Figure 2 Horizontal

distribution of geopotential height (solid, units: dagpm), wind speed (shaded, units:

knot), and wind barbs from the NCEP FNL analysis at 0800 BJT 1 Jul 2016 at (a)

850 hPa, (c) 700 hPa, (e) 500 hPa, and (d) 100hPa.Figure 2 Horizontal distribution

of geopotential height (solid, units: dagpm), wind speed (shaded, units: knot), and

wind barbs from the NCEP FNL analysis at 0800 BJT 1 Jul 2016 at (a) 850 hPa, (c)

700 hPa, (¢) 500 hPa, and (d) 100hPa.

NCEP FNL 700 hPa potential temperature (colors) and mean sea level pressure

(white lines) at 0800 BJT on 1 July 2016. The black dot shows the location of

Tazhong station in Xingjiang province.Figure 3 NCEP FNL 700hPa potential

temperature (colors) and mean sea level pressure (white lines) at 0800 BJT 1 Jul

2016. The black dot shows the location of Tazhong station at Xingjiang



Figure 4.

Figure 5.

province.Figure 3 NCEP fnl 700hPa potential temperature (colors) and mean sea

level pressure (white lines) at 0800 BJT 1 Jul 2016. The black dot shows the

location of Tazhong station at Xingjiang province.

Time series of the initial simulated surface variables from the innermost domain of

the simulations and the surface observations at Tazhong station (83.63° E, 39.03° N)

at 0800 BJT on 1 July 2016: (a) sensible heat flux; (b) latent heat flux; (c) surface

temperature; (d) soil moisture content; (¢) temperature at 2 m; (f) relative humidity

at 2 m; (g) wind speed at 10 m; and (h) wind direction at 10 m.Figure 4 Time series

of simulated surface variables from innermost domain of simulations and surface

observations at Tazhong station (83.63°E, 39.03°N) initial at 0800 BJT 01July 2016

(a) sensible heat flux (W/m?), (b) latent heat flux(W/m?), (c) 2-m temperature (°C),

(d) surface temperature (°C), (e) 2-m Relative Humidity(%) and (f) 10-m wind

speed (m/s ) with corresponding observations.

Vertical profiles of the potential temperature (solid line, units: K) and vapor mixing

ratio (dashed line, units: g kg™') from the innermost domain of the simulations and

the observations from GPS sounding at Tazhong station (83.63° E, 39.03° N) at (a)



1100, (b) 1400, (c) 1700 and (d) 2000 BJT on 1 July 2016. The profiles of the model

output are averaged over a radius of 3.5 km.Figure 5 Vertical profiles of potential

temperature (solid line, units: K) and vapor mixing ratio(dash line, units: g/Kg)from

innermost domain of simulations and observation of GPS sounding at Tazhong

station (83.63°E, 39.03°N) at (a)l100 (b) 1400 (c) 1700 (d) 2000 BIT 01

Jul2016Figure 4 Vertical profiles of potential temperature (units: K) at (a)1100 (b)

1400 (c) 1700 (d) 2000 BJT 01 Jul2016.

Figure 6. Cross-sections along 39.03° N of the horizontal winds (barbs, units: m s™') at

intervals of 5 m s ' superposed with theta (shaded, units: K) and the vapor mixing

ratio (contours, units: g kg ') from the (a) BDY T1, (¢) BDY T2 and (¢) BDY T3

experiments at 1400 BJT on 1 July 2016 and the (b) BDY T1, (d) BDY T2 and (f)

BDY T3 experiments at 2000 BJT on 1 July 2016.Figure 6 cross sections along

39.03°N of horizontal winds (barbs, units: m/s), at intervals of 5 m/s, superposed

with theta (shaded, units: K) and vapor mixing ratio(contour, units: g/Kg), from (a)



Figure 7.

Figure 8.

BDY TI, (c) BDY T2, (¢) BDY T3 experiments at1400 BJT 01JUL2016, (b), (d),

(f) are the same as (a), (c), (e), but for 2000 BJT 01JUL2016.Figure 7 cross sections

along 39.03°N of horizontal winds (barbs, units: m/s), at intervals of 5 m/s,

superposed with theta (shaded, units: K) and vapor mixing ratio(contour, units:

g/Kg), from (a) BDY TI1, (c) BDY T2, (e) BDY T3 experiments at1400 BJT

01JUL2016, (b), (d), (f) are the same as (a), (c), (e), but for 2000 BJT 01JUL2016.

Instantaneous vertical velocity fields (shading: m s—1) at 3000 m for the (a)

BDY T1 (CTRL), (b) BDY T2, (c) BDY T3 and (d) Noah experiments at 1400

BJT on 1 July 2016.Figure 7 Instantaneous vertical velocity fields (shading: m/s) at

3000 m for (a) BDY _T1 (CTRL), (b) BDY T2, (c) BDY T3, and (d) Noah at 1400

BJT, 1 July 2016.

Vertical cross-sections of the instantaneous vertical velocity fields (shading: m s™)

along A1-A2 in for the (a) BDY T1 (CTRL), (b) BDY T2, (¢) BDY T3 and (d)

Noah experiments at 1400 BJT on 1 July 2016.Figure 8 Vertical cross-section of

instantaneous vertical velocity fields (shading: m/s) along A1-A2 in for for (a)



BDY T1 (CTRL), (b) BDY T2, (¢) BDY T3, and (d) Noah at 1400 BJT, 1 July

2016.

Figure 9 Vertical profiles of the potential temperature (solid line, units: K) and vapor mixing

ratio (dashed line, units: g kg ') for the sensible heat flux sensitivity and Noah land

surface experiments at (a) 1100, (b) 1400, (¢) 1700 and (d) 2000 BJT on 1 July 2016.

The profiles of the model output are averaged over a radius of 3.5 km.Figure 9 The

same as Figure 5, but for SH flux sensitive and Noah land-surface experimentFigure

8 The same as Figure 4, but for SH flux sensitive experiment.

Figure 10. Time series of the initial simulated surface variables for the sensible heat flux
sensitivity and Noah land surface experiments: (a) sensible heat flux; (b) latent heat flux; (c)
surface temperature; (d) soil moisture content; (¢) temperature at 2 m; (f) relative humidity at
2 m; (g) wind speed at 10 m; and (h) wind direction at 10 m.Figure 10 The same as Figure 4,

but for SH flux sensitive and Noah land-surface experiment.
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flux (W/m?), (b) latent heat flux(W/m?), (c) 2-m temperature (C), (d) surface temperature

(°C), (e) 2-m Relative Humidity(%) and (f) 10-m wind speed (m/s ) with corresponding

observations.
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Figure 9 The same as Figure 8, but for vapor mixing ratio (units: g/Kg)
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T 36: [236] MIFRHIAE LucidPapers 2018/6/19 PM3:47:00
W 36: [236] MIERKIAR LucidPapers 2018/6/19 PM3:47:00
" 36: [237] MERKAR LucidPapers 2018/6/19 PM3:47:00
" 36: [237] MERKAR LucidPapers 2018/6/19 PM3:47:00
W 36: [238] MIERKIAR LucidPapers 2018/6/19 PM3:48:00




T 36: [238] MIBRHIAZE LucidPapers 2018/6/19 PM3:48:00
" 36: [239] MERKIARE LucidPapers 2018/6/19 PM3:47:00
T 36: [239] MIFRHIAE LucidPapers 2018/6/19 PM3:47:00
W 36: [240] MIERHIAR LucidPapers 2018/6/19 PM3:48:00
W 36: [240] MIERHIAR LucidPapers 2018/6/19 PM3:48:00
T 36: [241] MIBRHIAE LucidPapers 2018/6/19 PM3:47:00
" 36: [241] MEBRKIARE LucidPapers 2018/6/19 PM3:47:00
" 36: [242] MEBRHIARE LucidPapers 2018/6/19 PM3:48:00
" 36: [242] MEBRHIARE LucidPapers 2018/6/19 PM3:48:00
W 36: [243] MEBRKIAR LucidPapers 2018/6/19 PM3:48:00




T 36: [243] MIRHIAE LucidPapers 2018/6/19 PM3:48:00
" 36: [244] MBRHIARE LucidPapers 2018/6/19 PM3:48:00
T 36: [244] MRHIAE LucidPapers 2018/6/19 PM3:48:00
W 36: [245] MEBRHIARE LucidPapers 2018/6/19 PM3:48:00
W 36: [245] MEBRHIARE LucidPapers 2018/6/19 PM3:48:00
T 36: [246] MIFRHIAZE LucidPapers 2018/6/19 PM3:48:00
W 36: [246] MERHIAR LucidPapers 2018/6/19 PM3:48:00
W 36: [247] MEBRHKARE LucidPapers 2018/6/19 PM3:48:00
W 36: [247] MEBRHKARE LucidPapers 2018/6/19 PM3:48:00
W 36: [248] MEBRHIAR LucidPapers 2018/6/19 PM3:48:00




T 36: [248] MIFRHIAZE LucidPapers 2018/6/19 PM3:48:00
" 36: [249] MEBRHIARE LucidPapers 2018/6/19 PM3:48:00
T 36: [249] MIBRHIAE LucidPapers 2018/6/19 PM3:48:00
W 36: [250] MIEREIAE LucidPapers 2018/6/19 PM3:48:00
W 36: [250] MIEREIAE LucidPapers 2018/6/19 PM3:48:00
T 36: [251] MIRREIAZE LucidPapers 2018/6/19 PM3:48:00
W 36: [251] MIBRHIAR LucidPapers 2018/6/19 PM3:48:00
W 36: [252] MIBREIAR LucidPapers 2018/6/19 PM3:48:00
W 36: [252] MIBREIAR LucidPapers 2018/6/19 PM3:48:00
W 36: [253] MIERKIAR LucidPapers 2018/6/19 PM3:48:00




T 36: [253] MIBRHIAZE LucidPapers 2018/6/19 PM3:48:00
W 36: [254] MIBRKIAR LucidPapers 2018/6/19 PM3:48:00
T 36: [254] MIBRHIAZE LucidPapers 2018/6/19 PM3:48:00
W 36: [255] MIERHIAR LucidPapers 2018/6/19 PM3:48:00
W 36: [255] MIERHIAR LucidPapers 2018/6/19 PM3:48:00
T 36: [256] MIBREIAZE LucidPapers 2018/6/19 PM3:45:00
W 36: [256] MIERHIAR LucidPapers 2018/6/19 PM3:45:00
W 37: [257] MIBRKIAR Microsoft Office User 2018/4/15 AM11:41:00
W 39: [258] MIBRHKIAR Microsoft Office User 2018/4/12 AM11:58:00
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