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3) Space-based lidar PBLH (CALIPSO, CATS) vs Ri-based model PBLH:
Inconsistent comparison

Motivation and Objectives

= The Planetary Boundary Layer (PBL) was recommended as one of the most
important Targeted Observables by the 2017 Earth Science Decadal Survey
(National Academies of Sciences, Engineering, and Medicine 2018).
= A future global PBL observing system requires modeling and data assimilation
as essential components (Texeira et al. 2021).
= What we aim to achieve by assimilating PBL height (PBLH) data are:
» Generate the first global PBLH analysis (with proper model PBLH
definitions) and monitor various PBLH data online
o Different physical PBLHs depending on observing system or retrieval
algorithm - need for an optimal strategy for using these data together
» Capture the location of capping inversion
o Benefit the use of all other observations in the lower troposphere
» Provide additional info for thermodynamic variables through
background error covariances

Status of PBL height data assimilation

= Developed model-based PBLH definitions corresponding to the PBLH data (Zhu

et al. 2024).
= Developed data synergy strategy and infrastructure to add the capability in the

GEOS for global assimilation of PBLH data from multiple observing systems.
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Fig. 1. lllustration of complementary data coverage and spatial scales of PBLH data. (a) Space-based GNSS-RO (green) and lidars
CALIPSO (blue) and CATS (red) and (b) ground-based radiosonde (blue), MPLNET (green) and global radar wind profiler (red).

N FirStz_g(l)JeSS Tvz(?lé) o Firszt:-sgues;g (9 k%;l) C) d) B AdJEnSVIOC (adeStment Of TV
151N PSS A e T ' ' - oa=wse|  and RH ensemble spread and
14 - e ING A N - 804.0 . ==+ Fg=1052m . . .
b N Ssoee gsol g/ TINN - emsen | vertical localization length

nf e S e ) scale using PBLH data; Zhu et

éi; ::::5:: _::_EL::::Z:ZE 8004 .......................... ........'.'..,,.-: ___________ _______________________ ................... _____________ al. 2024) enables inflated

£ o [T U0 by | e B .0--) €NSemble spread to peak at

6 8 - i ,,,,,,1:,,,,,,,,,,,,,,,5, ,,,,,,,, c900.0 > '____ _.:’__ ______________ ‘______________._,___ ——

g ) L Y eise 8 N observed PBLH level.

§ 61 SR S S LU 22:“ e ==Xyt = Analyses profiles and inversion
5_" T ""'""'i""""""'":r """"" '9450 1T°% """" —_—— FirSt- uess ’ _ """""""""" 1 . .
Al I Hesso om0l || — ﬁnigfntm:)mb) A | representation are improved.
31 [T omensnd o7 |~ ANN2T20_0.1vL00) ~{| = The larger the ensemble spread
2} _______________ 11 o First_g_ugss _____ 1990.0 1000 1 N e Ar.m(lnf5T10Q_.0.1VLoc) . .................. ...... : ] ) ) .
Lo _ -- T M ooe o 30s 3l T e % inflation, the more significant

“Ens spread T, (K) Ens spread RH 6y (K) a (g kg™) improvement can be Obtalned

Fig. 2. Vertical profiles of first guess (black) and ensemble spread of (a) Tv and (b) RH without (red) and with (blue) AdjEnsVloc at
a radiosonde station. Vertical profiles of radiosonde observation (black solid), corresponding first guess (red solid), and analyses of
(c) virtual potential temperature, (d) q. Horizontal dashed lines indicate PBLH from observation (black), first guess (red), and
analysis (blue).

= Comparison between PBLH derived from observations and from model in the
GEQOS system (O-F: Observation minus Forecast)
= Period: 2015/Aug/23 — 2015/Sep/18

Obs Obs PBLH

Model PBLH Consistency

Raob Radiosonde obs Ri (Bulk Richardson number)-based Ri-based
CALIPSO  Space-based lidar ~ ATB (Total Attenuated Backscatter)-based Ri-based N*
CATS Space-based lidar ATB-based Ri-based N*
MPLNET  Ground-based lidar ATB-based Ri-based \
GRWP  Ground-based radar Refractivity-based Ri-based N*
GNSS-RO GNSS-RO Refractivity-based Refractivity-based Y

*Inconsistency is temporary, until we can update the GEOS model with the Goddard Chemistry Aerosol Radiation and Transport
(GOCART)-2G to enable the implementation of consistent model PBLH definitions for lidar and radar.

1) Ri-based Raob vs model PBLH
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Fig. 3. (top) Mean O-F and (bottom) RMSD of PBLH derived from radiosonde at 00/12 UTC
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The estimates of PBLH are derived from radiosonde based on
a bulk Richardson number defined in Seidel et al. (2012).
Radiosonde PBLH O-F error is sensitive to elevation. Stations
with elevation > 3 km are excluded and obs error is inflated if

station elevation > 1 km. Mixed surface type is excluded.

A relatively larger mean O-F at stations whose local time is

either morning or daytime.

2) Refractivity-based GNSS-RO vs

model PBLH
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» Refractivity-based PBLH

lowest minimum among
multiple minima and

GNSS-RO considering the

compared with consistent

definition of model PBLH (Ao
~etal. 2012; Zhu et al. 2024).
= Implemented QC: excluded

obs with steep slopes

globally, mixed surface type,

refractivity profiles whose
lowest observation level >

500 m. Also, inflated obs
error if the distance between

adjacent observations is less

than 125 km.

» Mostly positive O-F bias and
larger O-F RMSD over land.

Fig. 4. (Top) Flowchart for the calculations of refractivity gradient based model and observed PBLH to handle
multiple minima of refractivity gradients in the lower troposphere, (Bottom) global mean time series of PBLH O-
F mean and RMSD at every analysis time.

Summary

Generated global Ri-based PBLH data derived from radiosonde
observations and refractivity gradient-based PBLH data derived

from GNSS-RO

Developed strategy for PBLH data assimilation in the GEOS system,
ingested PBLH data from multiple observing systems, and
Implemented corresponding thinning and quality control
procedures including gross error check

Evaluated departures of model Ri- and refractivity-based PBLH
simulations from PBLH data for 27 days (2015 Aug-Sep)

o All PBLH data capture daytime CBL

o Different features of space-based ATB-based PBLHs (CALIPSO

vs CATS) - greater CATS O-F

Developed the method AdjEnsVioc to improve background error
covariances in the lower troposphere using PBLH data
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3a) CALIPSO
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3b) CATS

CATS PBLH OmF (2015091200-2015091218)
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(left) and RMSD (right) in every 5 degree lat/lon gridbox.

4) MPLNET vs Ri-based model

PBL

H: inconsistent comparison
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* The patterns of MPLNET PBLH data (Lewis et al. 2016)
and model Ri-based PBLH agree well.

» At GSFC, clear diurnal cycle, MPLNET PBLH tends to
be higher than model PBLH before 9am & after 4pm.

Work plan

= Differences between ATB-based PBLH
observations and the model’'s Ri-based
PBLH may reflect the “mismatch” in

40°N

PBLH definitions.

= This mismatch will be eliminated by .-

using the proper model PBLH definiton | KR

for each observation type. S
= |Implement model PBLH definitions for = = i s w o

lidar and radar PBLH data. Fig. 9. Example of CALIPSO

refractivity

OmF differences using the model

= Evaluate CNN-based CATS PBLH data g\ .ccq PBLH definition.

= EXxplore an innovative approach to assimilate GNSS-RO

data in the lower troposphere

= Continue to improve PBLH data assimilation, assess PBLH data
impact and combined impact with GNSSRO and radiances
= Develop method(s) to retain PBLH data information

Contact

bias: larger bias
over land than
over ocean
(greater O-F bias

than CALIPSO)
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Fig. 6. Same as Fig. 5 except for CATS

5) GRWP PBLH vs Ri-based model
PBLH: inconsistent comparison
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Fig. 8. Time series of Ri-based model PBLH (red) and PBLH derived from Radar Wind
Profiler at the station 8221 (Spain) (black).

» Global Radar Wind Profiler Planetary Boundary Layer Height
(GRWP-PBLH) are retrieved using signal-to-noise ratio data
around the globe, specifically in Australia, Europe, and Japan
(Salmun et al. 2023)

* The patterns of hourly GRWP PBLH and model Ri-based PBLH
generally match well, although some stations show mismatches,

especially at coastal area.
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