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The planetary boundary layer height (PBLH) is an important length scale in weather, climate and air
pollution models. The CALIO®Rerived PBLHs can construct the PBLH climatology on a global scale. In
this paper, the authors compared the CALI@dPived PBLHto the radiosondeerived PBLH in China. The

results suggest that they agree very well. The authors also analyzed the difference in the PBLHs derived
from the two methods, and showed the spatial distribution of deviations. These results can help to
undersand the applicability of CALIORIerived PBLH in China, and provide the valuable information for
further investigations. This version of manuscript is substantially improved and the results are presented
more clearly than in the original one. | recommehe manuscript for publication in ACP, pending minor

revisions.

Specific Comments
The revisions are not specific, but represent a general need to improve the English wording and writing.

Many sentences in this version do not read smoothly. | suggesmttthers thoroughly check their document.

The authors had better get a fluent writer/speaker of English to look through the paper before submitting the
final version!
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" PL": Thea
Abstract. Accurate estimation oplanetary boundary layer heiglfPBLH) is key to air quality g PL": soon
prediction weather forecastnd assessment of regional climate charifhe PBLH retrieval from g zt::e
CALIOP is expected to complemegitoundbasedmeasurementdue tothe proadspatial coveragef ("PL":its
satellites In this study,CALIOP PBLHsare derived froncombination ofHaar wavelet and maximum g ::t f;gjuch ond.
variance techniquee and are further validated againsPBLHs estimatedfrom groundbased lidarat ("PL":are
Beijing and JinhuaCorrelation coefficients betwe®BLHs fromground and satellitebasedidars are: E :t :vs;:::]aemmm CALIOP, usingusesthe
059 at Beijing and 0.65at Jinhua respectively Also, the PBLH climatology fromCALIOP and (" PL”: then
radiosondeare compiled overChinaduringthe period from 2011 to 201Maximum CALIOP-derived E :: ;::::s"’t’e‘wee”
PBLH can beseen in summer as compared to lower \@inether season.hree matchup SCeNasio  (+ pL" : showsa mrrelation coefficient of
are proposedhccording tathe position ofeachradiosonde site relative fits closest CALIPSO ground ( P'-: -
tracks For each scenarioter-compaisonswere performedetweenCALIOP- andradiosondederived E zt" ::
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PBLHs, and Scenario 2is found to be bettethan other scenarigssing differenceas the criterjaln ("pL":, )

early summer afternoon ovéd% of the totafadiosonde siteBave PBLH values ranginfigom 1.6 km E :t z::;i:; of %

to 2.0 km. Overall, CALIORderived PBLHsare well consistent with radiosoneerived PBLHs. To (" PL”: smaller )

our knowledge,tis studyis the firstinter-comparisoyof PBLH over large scale using the radiosonde (P )
( " PL” : between them )

network of Chinashedding important light on the data quality of initial CALH&ived PBLHresuls. ("PL": seemto be )
( " PL": study )

1. Introduction

The planetaryboundary laye(PBL), the lowest layer oftroposphereclosest to the surfaces directly

influenced by the presence of tBarthOs surface, and responds to surface for@mmssensible heat

flux, mechanical drag) oa timescale of about an hour or 1€Ssull, 198§. Given the nonlinearity and

complexity of convective and turbulent processes occurred within f&piestrialPBL is extremely ("PL: The )

complex The PBL processes play significant roles in modulating the exchange of momentum, hei " PL
PBL

moisture, gases, and aerosols between the EarthOs surface and the free trqplosphere, 2010,

" 1, given thenonlinearity and complexity of
convective and turbulent processes occurred witt

2014; Miao et al., 2015).he variations of PBL height are found todsacialfor severe haze formation

in urban environments (Zhang et,&015). Therefore,a growing consensusas been reachesh the ("PLr:.

role boundary layer processesdts structures have being playeth greatlyadvaning our capabilities (=pL:

in understanding and predicting weather, climated air quality(Medeiros et a] 2005 Hong et al.,
2006;Zhang et al., 20QHu et al., 201D

The PBLheight (PBLH) which determines the vertical extent of turbulent mixing and convection

activity within it, is a key length scale in weather, climate, and air quality modkésaccurate

Jepresentationsof vertical diffusion, cloud formationevelopment and pollutant depositionin ("pL

" . prediction
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PL” : in turnrelies

numerical models largelsely on the reliable parameterization of PRHu et al., 2006; Seibert 2000;

PL” : ing

(..

Xie et al.,, 2012 Wang et al., 2018,0. The largescale PBLH observationis China facilitate, our ("pPL:are
(..
(..

understanithg of the PBL role in complex lanéitmosphere interaction, and thus to mitigate = —
PL” : are beneficial for us to better

A N N

uncertainties in Earth system science and glsbsiainability issueshich isone of the main aims of
the PEEX (Paiturasian Experiment) prografidulmala et al., 203).

The PBLH typically varies from less than one hundred meters to several thousand meters
(Hennemuth and Lammert, 2008 he most commoR®BLHSs are derived fromadiosondesoundings of
temperature, humidity, and so.drhe balloonsarerecuired to bdaunched twicealaily for the purpose
of operationalweather forecasbor 48 timesperday from the perspective of scientific reseanring
intensive observation perid&eibert, 2000Liu and Liang, 2010)Although the radiosondean provide
heightresolved temperature and humidity profiles for accurate estimation of PBLH, which is
independent of cloud cover conditions, it is $tih sparse to detect tRBL evolution over large spatial
scale, and thus cannot adequately serge”BL research on global or even regional sq@asvyer and
Li, 2013. With the limited available radiosonde observations (iyoBbm the Unite States and
Europe) Seidel et al. (201,®012 constructed a general picture &LFH climatologyon a global scale
However, they did not give much detailed information of PBL over Chimpart due to the lack of
high-resolutionobservatios in China In 2011, a landbased radiosonde network across Cliias been
successfullydeployed bythe China Meteorological Administration (CMA), whigitovides a unique

opportunity tdfill in the existinggag (" PL": left

In additionto the lanebased radiosafe observations, the lidagsofiling atmosphericaerosa$ or (" PL" : that allow the measurement of

trace gass can be used to study PBL structurgeipert, 200D It is well known that arosol (" PL* : profiles

concentrations vary significantly with height, which not only affects the detection of boundary layer,

5



but al® becomesa large source of uncertainty particularly for sateliéesedaerosol retrievals using (" PL": may be )
wavelength of ultraviolet (UV) (e.g., Torres et al.,, 1998, 2Q01Buang et al., 2015 For the (_"PL” : Turning to )
measurements dctive remote sengj instruments, such &loud Aerosol Lldar with @hogonal
| Polarization (CALIOP)onboard CloudAerosol Lidar and Infrared Pathfinder Satellite Observations ("PL:a )
5 (CALIPSO) (Winker et al., 2007)aerosols can be detected and used as tracers of PBL dyn&hiécs
is due to the facthatthe numberconcentratiorof aerosol particles if#BL is often greater than thist (" PL” : most likely )
the free tropospher@eventidou et al., 20)3Moreimportantly, unlike 2 radiosonde measurement that E : I:: %
only provides a Osnapshat: PBL profile at a fixed site (Seibert et al., 2010), sipaceborndidar
can obtainPBL variatiors over a large area of interestespecially over remote regio@rdan et al.,
10 201Q Zhang et al., 2015
The overpass time o€ALIOP/CALIPSO is around 1330 Local Time (LT)which is almost
coincident withthe atmosphericsoundingobservations around 1400 Beijing Time (BdbPerated by
CMA in summer In the late morning and afternoon time, wtilea convectiveboundary layeis well (" PL": the )
establishedstrong gradient of aerosplarticles can often be seen at the top of convectivedaoyn
15 layer, and thusthe lidar-deteced PBLH is generallyn good agreementith the radiosondederived
PBLH (Garratt, 1994 Seibert, 2000 Hennemuthand Lammert, 2006 Therefore, at the time of
CALIOP overpasses (1330 LT)is methocseems sudtblejo determinethe convective boundatgyer ("PL it )
height. E )
(" PL” : determiing )
As one of thgnitial attempts to validate the CALIG&erived PBLHs, Kim et al. (2008) carried out (" PL" : first )
20| an inter-comparison stugd between PBLHs from radiosondesd CALIOP measurementsshowing (rPL": the )
high consistence between thefmilarly, Ho et al. (2015) compared the marine boundary lagighits E :t :iong p— %

from CALIOP profiles with those from radiosondewsulings.On the other handargebiases of the

6
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seasonal rad diurnal variationsn PBLHs were observedmost likely due tothe different methods

PL” :

utilized pased orradiosonde, grountdased lidarand CALIOP observation®ver one site in South (-

Africa (Korhonen et al.2014). Although CALIOPpossesses the ability tierive PBLHs over large and

oY

remote regionsn a regular basisnost of previougomparison studies only involved oneadew sites

wpL”

: these

_J

N

Therefore,a comprehensive evaluation of CALP@erived PBLH with large scale lafimhsed

" pL -

,and

/ \

radiosondeobservationgemainslacking In this study, the longerm CALIORderived PBLH over

China will be validated and assessedh® measurements of ladsed radiosonde network of CMA.

( " ”
(" PL

: means of

From theclimatological point of viewthe PBLH retrieval from CALIOP is expected to complement
the grounebased site measuremedtie to itdarge spatial coverag&he main objectivef this studyis
twofold: (1) to constructa climatologcal CALIOP-derived PBLH dataset (2) to quantify the

discrepancie between CALIORderived andadiosondederived BLHs. The remainder of this paper ("

PL”

: radiasonde

proceeds as followsthe data and methods usede describedin Section 2.Section 3 reports the
comparisorresults of CALIOPderived PBLH using groundased lidar measurementhe spatial and
temporal distributionpattern of CALIOP-derived PBLH is presented as wellMoreover, inter
comparisons between PBLHgrived fromCALIOP and radiosonde measurements bl performed.
Last, a bref summary is given in Sectigh

2. Data and methods

2.1 Radiosonde observations and their processing
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The radiosondemeasuresonce per second, acquiring detailedrtical profiles of temperature,
pressure, relative humidityind speedand wind directiorover a given weather statiofhe sounthg

balloors are operationallylaunched twice a dagt fixed times, i.e. 00 BJT and2000 BJT. Figure 1

showgall the radiosonde site§ortunately CMA required the soundings belaunchedthree tofour

wpL”

. all the

N

"pLT

NNV

times a day in summe(the wet season), i.e.0200 BJT,0800 BJT, 1400 BJT, and 200BJT to

wpL»

: throughout

seamless monitor vertical structureof atmosphereand thusto better serve high-impact weather

=\

" pL”

: shown in Figure 1

—

" pL»

: the

forecasting Owing to our focus on the convective PBL in the daytime, the 1400 BJT swsidi

N\

wpL”

: the

VANVANY AN

—

summerallow us to @terminePBLHs overmost weathesites throughout Chinavhich are usedor
compaisonanalysiswith CALIOP-derived PBLHbeingtypically avalableat 1330 LT

As summarized irBeidel et al. (2010Q)here are seven commonly used methiodderive PBLH
based onthe profiles oftemperature, potential temperature, virtual potential temperature, relative

humidity, specific humility, and refractivity.The traditional approachescribecdn the textbookge.g., C

PL”

: encountered

/

Oke, 1988;Sorbjan, 1989; Garratt, 1992)pically defines PBLH aghe pressurelevel wherethe
maximum vertical gradient of potential temperatwecurs indicative of a transition from a

convectively less stable region below to a more stable region aBeeently, a more sophisticated

methodwas developedBrooks, 2003 Davis et al., 2000 which involves thewavelet covariance —( *

PL” :

transform Thealgorithm ofwavelet covariance transform wist proposedy Gamage and Hagelberg ("

PL” :

In contrast, t

(1993)as away todetect step changes in a signal.

By combiningthe methods ofvavelet covariance and iterative cuifitting (Steynet al., 2009,
Sawyer and Li (2013)leveloped a novel algorithm (hereafter called SL2013), which can be applied to
robustly derive PBLHsfrom both radiosonde and lidar measurements due to the fact that prior

knowledge of instrument properties and atmospheric conditions hasatiegnatelyconsidered. The

8
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measurement time ofdiosondgaroung 1400 BJT generallycorresponds to the time with the largest (" PL" : our study )
solar radiation received at the surfastaich leads tahe potential temperature profile more often than E ::: :most %
not exhibitng the typical structure of convective BL. However, due to the potential uncertainties caus¢ * pL" : at )
by the sensitivity of vertical resolutioand the wide range soundingtime (n LT) at different sits (“PL": noon )
across ChinaSL2013tends toexhibit advantages ovehe method of maximum potential temperature

gradient This is most likelybecausesL2013is flexible and simple enough for automatic analyses of

long-term sounding data at multiple sites)dis able to compensaeoisy signals and low vertical —(* PL" : for )
resolution in the soundings. Therefore, SL2018 liigen applied to extract PBIs from radiosonde

obsevations.Also notethatthe extremeconvectiveweathersysten) which isa disturbingfactor, will (" PL" : However, bear in mind )
inevitably exert largaincertaintieon the retrieved PBLHFor instance, the PBL as deepnvective E ::: :dverse %
cloud occurs will collapse, leading to an extremely large valbese cases will be excluded for further (" PL": also an important influential )

comparison analysis with CALIG&erived PBLHsThe soundingobservations 0113 radiosondsites
(black dotsin Figure 3 duringthe period2011-2014 arethenusedto calculate PBLHsand perform
compaison analysisvith the CALIORderivedPBLHs as well

2.2 Groundbased lidar observations

Groundbased lidaobservationgrom two stes (i.e., Beijing and Jinhuphave beemsedto evaluate
the PBLHSsretrieved from CALIOP. The site ofBeijing (40.00iN, 116.38|E) is locateoin the campus
of the Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciarms, theCE370
micro-pulse Lidar(made byCIMEL of Francg was deployed ding the period of January 1, 2014 to
December 31, 2014 heprofiles of aerosol backscatter coefficient obtaifrech CE370 have &ertical
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resolutionof 15 m.The laser transmitter systemreported to have diameterof 20 cm, which is used

to expand laser beam through a refracting telescope

of radiosondesite with CALIOP

The other grounebasedidar was deployedn the campus afhejiang Normal Universityit Jinhua ("PL":of )
(29.0iN, 119.5;E) Zhejiang ProvinceThe altitudeof this siteis 71 m above sea levelinhua located
in the Yangtze RiveDeltaof East Chinahasundergoneg deterioration ofir quality due to the rapid (_" PL” : undewent )
economic development in recent years (Guo et al.,;28/Bhg et al., 2015 The grounebasedidar is E :'I: :;:E:‘ej';i'zuamy %
developedby Anhui Institute of Optics and Fine Mechanics (AIOFM), Chinese Academy of Sciences
(CAS), anddeployedat Jinhuawhich issimilar to CALIOP with two orthogonally polarized channels ("PL":s )
at 532 nm and one channel at 1064 fie algorithmdeveloped by Zhang et al. (201B83s been (PL:ae )
applied tothe profiles of groundbased lidars deployed at Beijing and Jinhudare specifically, only ("pL: )
the segment ofCALIOP profiles within a circleof 75 km radiuscentredat theabovementioned two g ::: ’T;ezze;tivew %
groundbased lidar siteare included in the PBLH retrievaBue to the neighbouring ground traak (" PL” : specifidy )
CALIPSOatapproximately 1050 km longitudinal interval over China75km-radiuscircle cantered E Zt EZ:Z: %
at eachgroundbased lidassite has beemetermired for its matchupwith CALIOP, sohasthe matchup
(" PL": has bee )
Theground basetidars aretypically shut offduring (1) maintenance period of lidaor (2) the time ("pPL:n )
period when lidar cannot normally worleading tounwanted breaksf lidar observationsMeanwhile, E :t = %
unfavorable weather conditignscludingrains heavyhazeepisodesetic, generally lead to unreliable (" pL”: during )
PBLH retrievals Overall, the data volume fraction is roughly 87.7 f4r Beijing site. The lidar [frof;'-hast'dcf;?ggdSE;gﬁne:g prevertine opis ]
measurements witABLH detectiondiffer largely bymonth A total of 133 loursyereobtainedn May, (" PL" : during )
as compared witB61 roursin March (Figure S1)Given the unreliable PBLH retrievalmdercertain E :: zuring %
(" PL”: among others )
("PL:are )

10
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site, which issimilar to72%at Jinhua site

2.3 CALIOP observations and their processing

unfavourable conditions as described abde annuahverage of the data reduced t®4%at Beijing (" PL": some )
e )
(" PL”: over )
The CALIOP onboard the CALIPSO platform (flying as part of theT/in satellite constellation
since April 2006) is a threehannel elastic backscatter lidamich is optimized for aeroscdnd cloud
profiling. It measures attenuated backscattefficiens at a resolutionof 1/3 km in the horizontaht
the visible wavelength %32 nn) and neaiinfrared wavelengt{1064 nm) andits vertical resolution
varies with altitudeas follows,from ground to 8.2 km i80m, 8.2 to 20.2 km i$0m, 20.2 to 30.1 km ("PL": (hy )
is 180m (Winker et al., 2009Huang et al., 2095 All satellites of the Atrain constellationare flying E :'I: :Z: z':“gusnﬁ:;szzk:qm %
on, 705km sunsynchronous polar orbitovering the Earth fron82 jN g 82 iS with a 16day ("PL:and )
repetition cycle, with a nominal ascending node equatorial crossing time of(i3&Y) (ocal day (night) E :t i:oam h =202 km t© 301 ki %
time (Liu et al., 2009 Winker et al., 2007 Winker et al., 2008 As shown in Figure 1, red lines  ( ~pL": petween )
represent the ground trackser Chinafor the daytimeoverpasseof CALIPSO (in ascending mode), ( ELon )
angblue linesindicatk, ground tracks fonighttimeoverpasses of CALIPSOn descending modeThe g :::n jvh”e %
neighboring ground track & alongitudinalinterval ofapproximately 15&m, varying with latitudes (PL:ing )
The PBLH is predomnantly estimatedfrom the CALIOP Level 1 product: the total attenuated
backscattecoefficient,in combination with Level 2 product afoud layer productshfrizontal ground
resolution is1/3 k) for cloud screeningResemkbing the methods tilized to derive PBLHgroposed ("* PL” : in the horizontal )

by Jordan et al(2010, we rely on themaximum variancalgorithm to derive PBLHs from CALIOP

attenuated backscattepefficient profilesat wavelength of 532 nmin combination withthe Haar

11
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wavelettechnique. Th maximum variancelgorithmis originated fronthe ideas proposediy Melfi et

al. (1985)andheavilyrelies on the existence of a strong aerosols concentration gradient at the top of the

PBL, whichcorrespone to the leve] wherelidar backscatter showthe maximum standard deations, ("PL":s )

This method has been widalged taderive PBLHs from CALIOP so that tlgdobal seasonal variatisn (- PL . ocaurof i backseatter )

can be inferred McGrath Spangle and Denning, 2012, 2013MHowever, eithemaximum variance

algorithm or Haar wavelet technique has its weakmkessto the strong dependegnon the chosen (*PL:e )

strategy in the threshold valud® makesurethe comparisometwee| radiosondederivedPBLHs and ("PL":of )

CALIOP-derivedonegreliable and robusthe combined algorithm has been applied omthéched up (" PL": with )

CALIOP profiles (scheme describeth section 2.2 All the comparisons ardimited to daytime E EEZEF:OL{:S 3

measurements due to the nature of convective boundary layer, unless noted otherwise. ("* PL” : coresponding )
(" PL": of CALIOP according to thenatchup )

Due to the most likely blocking and attenuation caused by optically thin or thick clouds, we

Dperformed cloud-screen procedures prior tbe algorithmmentioned abovepplied tothe CALIPSO ("PL": haveto )

levd 1 profile data. Tie CALIPSO measurementsere retainedor PBLH retrievals afgrid points E :t :eramgon %

where the number of valid.e., without cloud)CALIPSO ovepasses exceeded 15%tlé total nurber

of overpasses. As such, we ecamimizethe effect of cloudson the retrieved PBLHSs to a certain degree

Meanwhile,to improve the signato-noise ratio (SNRjor betterPBLH retrievalsroughly 15 CALIOP

profiles with 333-m resolution along trackvere resampled toone 5-km resolution profilefor all (_" PL" : haveto be )

CALIOP observations

As a good case in point for a better view of the results derived using the above algorithms, the

CALIOP-derived PBLHSs (indicated by the black line) & January 201bver satheastern China is
shown inFigure 2. By visual interpretation, we can see ttietderivedPBL tops arejust located at the

levelswhere aerosol backscatter signals change abruptly.

12
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3. Results and discussion

3.1 Comparisorof CALIOP-derived PBLH against grourdased lidarderived PBLH

have beemxcluded for further analyses

northwestern China(g.,Liu etal., 2015)

3.2 CALIORderived PBLHCIlimatologythroughout China

In order tomakeyeliablecomparisonbetweenCALIOP- and raddsondederivedPBLHSs, the former (" PL": the )
data willundergoanevaluation using grounbdased lidarwhich typically shares the similar techniques. g : :T";er; o %
To minimize the influence of cloud on the PBLH determingtalhthe lidar measuremenis Beijing (" PL": hasto )
and Jinhua with clows{extracted directlfrom themeteorologicatiata aneighbouringveather station E : : f;(’m Idar %

e

The scatter plotare shown in Figure Zoncerning thg&omparison betweethe goundbased lidar (*PL* : inter )
derived PBLHsand CALIOP-derived PBLHSa{ Jinhuaand Beijing 40.0iN, 116.4{F. Due to the (" PL*: over )
twice-permonth revisit period of CALIPSO satellite, only 17 cases out of 24 at Beijing are selected, g. L )
which both CALIOP and grounbased lidar havenatched uypmeasurementat 1330LT. And the (" PL” : simultaneous )
simultaneousPBLH retrievas havebeen carried out for 7 cases out of 12 at JinFoa.the overall (*PL" : sampl )

. . . . "PL":i
comparson between thePBLHs derived fromgroundbased lidarand CALIOP, thecorrelation g pL” =2 —— )
: esbeingstill limited )
coefficientthrough orthogonal regressioeache 0.59 at Beijing and0.65 at Jinhua respectivelyDue ("PL:s0 )
. : : . L . - : ("PL":we )
to the limited sampé sizg guality of the CALIORderived PBLHSs still under investigatignWe will (P canmobequte sure targuetia )
perform urther evaluatiopas long asnoregroundbased lidar observatisrare avaiable. Regardless (" pL” : camotguaranteghe )
all these concerpgorrelation coefficierstobtained heraresimilar to thoseeported at SACOL site of (rPLeiare )
( " PL": are reliable enough )
( "PL":F )
( " PL”: studies )
( " PL" : are warranteh the future )
( " PL” : However )
("PL”: the )

13
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Figure4 presentshie spatialdistributionsof seasonal mean PBLk&th 0.2! 0.2 resoltion derived
from CALIPSO afternoon mearementsduring the period2011 through2014. The original 5 km
PBLH data have been smoothed and resampled to 20 km restdutihlightthe coherent largecale
structureslt canbeclearly sea thatthe PBLHs over Chinaxhibitlarge spatial andeasoal variatiors.
On average, both Figureahd Table 1 indicate that the highest PBL(1.82km! 0.31km) wereseen
in summer(June, July and August),aimly ranging from1.5to 2.5 km On the other hand, the lowest
PBLH values (1.51knmh 0.40km) occur in winter (December, January anBebruary when the

development of PBLs typically suppressed due tioe lesssolarradiation received at the surfade

oY

contrastthe moreintense solar radiatioreaching the surface in sumnfavoursthe PBL development

wpL”

: development of

_J

N

J

(Stull et al., 1988)As shown n Table 1the maximum PBLHgan reach up to-6 km, especially in

p

" pL”

: we notice that

—

winter (due to the prevaledarge wind. Therefore, we set the CALIOGRtrieved PBLHs to be within

0.25 and 3km, whichis a reasonable height range for the midday PBL, highly consistent with the_"pL*

. seems as

processing methods by McGra8pangler(2012. Statistics showed that only 2.1% of all datas
PBLH higher than &m and 8.8% lower than 0.Z8n, which have been excluded for fiettanalyses

In terms of the discrepancy in spatial distribution of PBLH, the Tibetan Plateau (TP) was
characterized by high values, irrespective of the evolution of seasons.i@veastern China,
particularly the regions with large population and sew@repollution (Guo et al., 2009; 2011) (e.g.
North China Plain, the Yangtze River Delta, and Pearl River Delta), the PBEHshigher in spring

and summer, budid not showthe expected large seasonal variation. During the segsanh as wintgr

: frequently

whenhazeeventoccursfrequently due tothe suppresen by aerosol radiative effecemdaerosolwind (pL
interactions(Xia et al., 2007 Yang et al., 201§ relatively shallow PBLHH can beapparently seen
across most of Chinan good agreement with previofisdings (e.g.,Quan et al., 20135ao et al. 2015 ("PL":
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Miao et al, 2015 This aerosolrich haze, in combination with lowered PBL, teridssignificantly delay

Pprecipitation suppress or enhanits peakintensity (Wang et al., 2011Guo et al., 208). The spatial ("PL": the
(*PL":and

distribution of PBLH revealed a tendency for higher PBLH over high elevation regmmsistent with
dependence on elevatioapored in the United State¢Seidel et al.2012). Such spatial variation of

PBLH may be related to the local land surface and hydrological processes (Seidel et al., 2012).
3.3 Matchupbetween CALIORProfilesand radiosondeaundings

As revealed in Section 2.8ve have averaged otthe PBLHs derived from th€ALIOP profiles
which are then involved in comparisonanalysis withthe mean PBLHs from radiosondeundings
After multiple rounds of iteration throughhe positions otachradiosonde sitever Chinarelative toits
closest CALIPSO ground trackstatal of three scerdos arerepresersdtive ofall the cases, as shown
in Figure 5 Scenario 1denotes the cases wittvo CALIOP ground tracks, thshortestdistance to
which each is more than 37k& from each radiosonde site. In contrast, Scenario 2 represents the cases
with one CALIOP ground tragkthe shortestdistance to which idessthan 37.5km from each
radiosonde s Scenario 3 is the same as Scenario 2 excephéahortestdistance to which isnore

than 37.5km from radiosondesesit

The details otlassification criteriaaresummarized in Table 2. Out of the totalldf3 radiosonde sites (" PL" : wereclassified

64 sitesbelonged to &nario 2 That means about5% of all radiosonde sites make a good match

—

with CALIOP profiles for its nearestlistanceto CALIPSO ground track$ess than37.5 km. Jn " PL": By

_/

N

J

comparison, there ag? siteq19.5%) attributed taicenariol wherea7 siteq23.9%) scenario3. "PL":S

p

—

Figure 6 showshie gea@raphicdistributionconcerningthe location ofradiosonde siteselative toits

closestCALIOP groundtracksinside a circle of radius 75 km over China, which are stratified by

15
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Scenarios 1, 2, and. 0wing to the nearest distance to radiosonde sit&cgnario2, profiles in
CALIOP observations can be used to better capture the @Blution, and thus facilitate the
intercomparisos. It happens thathe radiosonde sites (56.6%) belongindgStenarios 2re uniformly
distributed over Chinandicating thammost of the radiosonde sites in China can be collocated well with

afternoon @LIPSO overpass

Interestingy, most ofthe radiosonde sites, Scenario larelocatedin the northern Ching as opposed (

N/

to thosein, Scenarios 3 inthe souttern China. The more northward the radiosonde sites, tleatgr

numberof the CALIPSO overpasses over the same circle of 75 km radius. Theréfuistinct
discrepancy in geographitistributions ofradiosonde sites belonging Stenarios 1 and 3 amost

likely due to)atitudedifference. More importantly, bcause the region of interest (China) spans several (

time zones, the spatial variations of radiosonde-derived PBLHs observed at fixed observation times

(1400 BJT) tend to be conflated with diurnal variations, as discussed in the Section 4 below. {

3.4 Intercomparison between CALIORNd radiosondalerived PBLH

Using the algorithmgletailed in Section 2, the PBLHs at all the 113 radiosonde sites have bed

successfully deriveffom radiosondend CALIOP. In terms of the spatial differences of PBLHs, both
CALIOP retrievals (Figure 4b) and radiosonde observations (Figure S2)teabvarge PBLH values
tend to occur at Tibetan Plateau, southemstChina, and northern Chinian early summeme

afternoon. The is jndicative of good agreement between CALIOBNd radiosondeerived PBLH "

retrievals.Furthermorethe difference of PBLHs at everyradiosondesites (Figure 1from CALIOP

measurementat 1330 LT minus tlosefrom radiosonde observations 200 BJT in the summertime

(JuneJuly-August) during the period of 2042014 are calculated Meanwhilg the difference of €

“ PL” : for )
" PL” : mostly )
" PL" : for )
PL” : the )
" PL” : following )
-

PL" : as )
PL": likely )
PL” : In the mean time )

16



PBLHs areaveraged oufor each radiosonde sites agaitording tothree matchupgcenariodor both ("PL": have to be )
CALIOP profiles and radiosonde sitésscrbedin Table 2

As shown in Figure 7(a)he PBLH differencesovermost of the radiosonde sites to the east of°EL0
longitude exhibit negative values, indicating CALIKdErived PBLHs tend to be undeiested
compared with radiosonetterived PBLHSs. In contrast, it is a different story (to be overestimated as
compared with radiosonde) for the sites to the west ofE16ngitude(the western Chinapspecially
in provincessuch asXinjiang, Sichuarand Chongging The CALIOP observations at roughly 1330 LT

in the western China has been compared with the radiosonde measurements at 1400 BJT which

corresponds to 1100-1400 LT differing by longitudes, Therefore, the relatively low PBLHs from the ("pL:. )
( " PL” : therefore J

radiosondes in the west China are expected to be in association with weak convection. This in turn leads

to overestimated CALIOP-derived PBLHs in the western China. However, there ar@ther aspects

B2iRE®KX: UF:(yZ )Times, UF a
0 a-85%

2i&EHX: UF:(y2 ) Times, 12 pt,
UF a : Oa-85%

[ " PL" : likely to be contributedo the J

neglected to be discussed havajch ag beyond the scope of the paper,

All sites in Figure 7 (agqre dividednto three subgroups according to the matchup scenario describe

in previous sectioh Overall the radiosondelerived PBLHs tendo be overestimatecompared with
CALIOP-derived PBLHs due tthe majority ofradiosondesites (77 of 113 sites, i.e., 68%) showing
lower PBLH valuesThis is also consistent with the results shown in TablsZhown in Figures 74,

discrepanies between the twiata sources
2IRERX: OF:(yz ) Times, UF a
0 a-85%

the averagbiaseshetween CALIOPand radiosondderived PBLHSor Scenario 2as expected, a
smaller magnitude (0.1km), as compared with Scenafigwith a magnitude of 0.22 km). On the other
hand, the smallestveragebias (0.15 kmjs observed for Scenario Blore statistics with regard to the

biases between CALIGRNd radiosondderivedPBLHs arellustrated in Figure 8.

As indicaked in Figure 8Scenario 2 witnesses the least differenc8.08km between th€ALIOP-

and radiosondenedian PBLHvalues in contast to larger differences of 0.24n and 0.12km for
17
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Scenario 1 and Scenario 3, respectivéfiyaddition the PBLH differences in terms of ®and 7%’
percentile values for Scenario 2 are much modéscernible as compared with those for other two
scenarios. Thismplies that Scenario Bains more advantages over other two scenarios due to the
smaller difference between CALIGBRNd radiosondéerived PBLHsS

Figure 9 shows the frequencjor the nunmber of radiosonde siteswhich are stratified bybinned (_" PL”: of occurrence )
radiosondelerived mean PBLHs(1400 BJT) and CALIORderived mean PBLHs (around 1330 LT)
over Chinain the summertime (Jun&uly-August)during the period of 2022014 Generallyspeaking, (" PL”: Typically )
the PBLHs in early summer afternoaover Chinarange from1.6 kmto 2.0 km, accounting for over0%
of the totalradiosonde sitesThe pattern in Figur6(c) is similar to that in Figuré(a), suggesting that (" PL": more )
the results from &nario2 are representative of the overall results over all sltesother words (_" PL" : o some extent )
comparison 6the histogram of CALIOP PBLH® theradiosonde observations indicates that they are
in good enough agreement with each other.
4. Conclusions

This stuly presend initial validation results ofBLHs from spaceborne CALIOPmeasuremenipy g : :Bef‘:;d %
comparingcoincidental observations frotwo groundbased lidas at Beijing from January 1, 2014 to (= pL" : with )
December 31, 2014nd Jinhuafrom June 1, 20130 December 31, 201Results show that the E ::; %
correlation coefficiert between the two types of measuremegne0.59 at Beijing and 0.65t Jinhua, ("pL": ( )
respectively.The séected data setepresers two different underlying land surfaces, i.arpban and ( P'-) )
mountain area, both of which are obtained under efcegiconditions E Et" :: o %

("PL:in )
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The climatology of seasonal mean PBLIS0.2! 0.2 resoltion has beewronstructed, as derived
from afternoonCALIPSO meaurementsiuring the perio®011 through2014. The PBLHs over China
are found to exhibit large spatial andeasoal variatiors. Overall summerseason(June, July and

August) tends to havehighestPBLH values,jn contrast withthe lowest PBLH valuesccurringin (("PL”: as opposed to )
winter (December, Januarynd February. Such seasonal variatismf PBLH may be caused by the
seasonal variation of solar radiation.
Prior to the comparson analysis betwee@ALIOP- and radisondelerived PBLHs, three matchup
scenarie areproposed according to the position edchradiosonde sit@ver Chinarelative toits
closest CALIPSO ground trackBhe matchupof eachradiosondesite with its neighbouring CALIPSO
ground tracksan be attributed tone the three scenarioBhe spatial distribution of radiosonde sites
belonging © Scenario 2 indicatthat most of the radiosonde sites in China can be collocated very well
with afternoon CALIPSO overpasBurthercompastive analyses suggest th@ALIOP observations (" PL*: inter )
belonging to Scenario 2re betterthanradiosondederived PBLH,n terns of muchsmaller difference E ::: i:::m b %
betweeryadiosondeand CALIORderived PBLHgs (" PL" : ascompaedwith )
Overall, CALIORderived PBLHs tend to be underestimated compared with radioseniyed E Etn;::em %
PBLHSs which can be considered as a benchm@r the other hananore thar70% of theradiosonde " PL” : (what?)between them )
sitesacross China in early summer afternd@ve relatively highePBLH values, which varyfrom 1.6
km to 2.0 km. Therefore, CALIOP PBLHsggreewell with radiosondederived PBLHs. Despite the (" PL": tendto )
limitation in the presence of cloud€ALIOP hasbeen routinelyavailable for determination of PBLHs (- pL: prety )
andjs a valuablglata sourcfor long-term climatology analyse$o our knowledge his studyserves as (" PL" : therefore )
the firstintercomparisorstudyof PBLHs between CALIOPand radiosondderived PBLHsover large E :t i;netmd %
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scale using the radiosonde netwofkChina ) ore detailed regional analyses have not been dealt with (" PL":, )
in this paperwhichmerit further investigation E ::: :though %
("PL”:uch )
(" PL”: in the near future )
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5 Table list:

Table 1.K,/,& &+ ,(* IF<LIM"NB*0&@FBLOI&.IB&:*0* I*/-!  1B#0&.>! (*IE*0&-BI5266526P;!
Q(*ID*.1"?2LO':-01/%%! ,(*1>0&B' /0%1:&0",%9! +/%-+#9%/,*B!&.IF(&./G!,(*.!,(* D/R&D#D!/.B! D&.&D#D!
@/%#*1 =11 "2LO'l /0! B* *0D&.*B! $9! -0,&.>! /%%! ,(*! D*/.! @/%#*;! S*/.A(&%*G! ,(*! D*.1.B!
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Spring Summer Autumn Winter

Maximum PBLH (km) 4.57 4.40 3.60 6.13
Minimum PBLH (km) 0.15 0.38 0.22 0.21
Mean PBLH (km) 1.72 1.82 1.56 1.51
Standard deviation of PBLH (km) 0.35 0.31 0.30 0.40

27



Table 2. Detailed escriptionswith regardto the dassification criterieof scenario of the positions of
radiosonde site relative to the closest CALIOP profiles, including the number of CALIPSO ground
tracks for each scenario, theortest distanc€SD) to ground tracksthe total number of sites for each
scenario in China, as well as the number of sites with overestimated averaged PBLHsBEOor
underestimated averaged PBLHE]Urom CALIOP compared with radiosonde

SD
# of CALIPSO # of
. . # of sites with OE  # of sites withUE
Scenario ground tracks (km) sites
1 2 375D 075 22 11 11
2 1 00DO0375 64 18 46
3 1 375D 075 27 7 20
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Figure 1. Geographic distribution afidiosonde sites and ground tracks for CALIPSO over CRed

5 lines represent the ground tracks for the CALIOP daytime orbits (in ascending mode), while blue lines

for the CAILOP nighttime orbits (in descending mode). The black dots denote all radiosonde sites
operatedand maintainecdby China Meteorological AdministratiorBeijing and Jinhuagreen solid
triangles) are two sites deployed with grotased lidar.
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Figure 2. Curtain plot of attenuated backscattegoefficient as observedrom CALIOP aboard
CALIPSOon 15 January 201The black line indicates the derive@8LH (above groundevel) andthe
grey lineimmediately on top ofhe blue region represents ttegrain surfacéB&0*+,96R,0/+,*B from
CALIOP data).The red linein the inlet map corresponds tiee ground traclof CALIOP/CALIPSO

10 over southeastern China
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4 Jinhua ( R=0.65, N=7) P
Orthogonal Regression s

® Beijing ( R=0.59, N=17) -
Orthogonal Regression
— — -1:1 Line

PBLH from ground-based lidar (km)

PBLH from CALIOP (km)

Figure 3. Scatter plofor comparing®BLHs from CALIOP to those frongroundbased lides atBeijing
(blue dot$ during the period January 1, 2014 to December 31, 2014iahda fed triangég during
the period of June 1, 2013 to December 31, 2B1i8 and redines denotethe linear fit to the datat
Beijing and Jinhua sites, respectiyeand black dash line tHel correlationThe number of collocated

data samples and correspondiogelation coefficientR) are shown as well
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Figure 4. Spatial distributiors of climatologcal PBLHs derived from CALIOPat 1330 BJT in (a)
spring (March-April-May, MAM), (b) summer(JuneJduly-August, JJA) (c) autumn(September

5 OctoberNovember, SONand (d) wintefDecembetJanuaryFebruary DJF)during the period 2011
2014. Horizontal resolution isesampled t@0 km along thground track.
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(a) Scenario 1 (b) Scenario 2 (¢) Scenario 3

3B 3

Figure 5. Schematialiagrans s showingthe location of CALIOP groundtracks relative toradiosonde
sitesaccording tola) Scenario 1 (with two CALIOP ground tracks, #ertesdistance to which each
is more than 37.5krfrom radiosonde site); (tcenario 2 (with one CALIOP ground tkatheshortest
distance to which itessthan 37.5km from radiosondessi{c) Scenario Jwith one CALIOP ground
track theshortestistance to which ismorethan 37.5km from radiosonde eishowing thegeometric
relationship of CALIOPgroundtracks relative to radiosondesites. A circle with a radius of 75 km
centered atadiosonde sites aschosen to obtain averaged RBlrom CALIOP,ascompaedwith the
measuredPBLH from groundbased soundirsy
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Figure 6. Thegeographidistributionmap showinghe location ofadiosonde siterelative toCALIOP
ground tracks over China The red triangle denote theadiosonde sitesand the black lines show
5 CALIOP trackschosen for comparisoanalysis. The solidcirclesin cayon, green and blue cespond

to Scenariosl, 2 and 3asdefined in Figure 5
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Figure 7. The geayraphicdistribution map concerning trabsolutedifference of PBLHderivedfrom
CALIOP 1330 LT minus thatderivedfrom radiosonde observations 00 BJT in the summertime
(JuneJduly-August) during the period of 2042014. The differences of PBLHs areh@wvn for all
radiosonde sites iChina (a), the radiosonde sites belonging ¢er@rio 1(b), Scenario2 (c), and
Scenario3 (d), respectively.
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Figure 8. Box-andwhisker plot shoving the 5", 25" 50", 75" and 95" percentile values of PBLH
derived from CALIOP (in blue) and radiosonde (in red) for each scenario. Note that only 1400 BJT

radiosondare used to make comparison with afternoon CAL-t@Rved PBLHSs.
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Figure 9. Histogramof the number of radiosonde sites, stratified lipnedradiosondederivedmean
PBLHs(blue bas, 1400BJT) and CALIORderived mean PBLHs (red bar, around 1330 &#@r China
in the summertime (Juniuly-August)during the period of 2022014for all radiosonde sitega), the
radiosonde sites belonging to Scenarigb), Scenario 2(c), and Scenario 3(d), respectively.The
frequency iscalculated aghe ratio ofthe numberof radiosondesite in eachPBLH bin to the total

number of radiosondsites. Note thathe statistiaesults arenly limited tothe samples witlollocated
CALIOP- and radiosondderived PBLH.
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