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 The Planetary Boundary Layer (PBL) | | | * The PBLH tools read in a text file of airport information, loop through all airports, and « CBRN Method preliminary results (the method is still being refined)
is the well mixed, lowest layer of the | b e mosifiers compute PBLH for each flight at each airport Daily Cycle at Denver
Stpesples ——— S . Lat Lon Ground Radius . . LBIYerdaly cye, JUY2023 - Fairly large disagreement in Peak PBLH
+ The PBL Height (PBLH) is a function = ~=PPINE IVersion e Airport Name Code (degN) (degE) Ht(m) (deg) Infointhe textfile . amongst the three datasets at Denver: HRRR
of surface topography, surface 5 Residuall " ResidualL. Denver DEN 3986 .10468 16154 o7  ‘one riw for each is highest, then AMDAR_TI, with AMDAR_BR
radiation, wind speed/turbulence, air = " } - airport) lowest
onvective 3 —
temperature, etc b ' L o . | e » Denver is a tough airport due to high PBLH
« Getting PBLH correctis important for d . Thg toi)l7 have the flexibility to read in different text files for different 3 1500- apd large topographical gradients; |
many applications (pollution, fog, severe i - - il Projectsipurposes 1000- differences are smaller at most other airports
weather/turbulence, wind energy, etc) Sunrise Local time Sunset  Stull, 1998 ISR . 7 - P 500 -  Daily (nocturnal) PBLH minimum ranges from
 Due to radiative heating, the PBL transitions from a nocturnal/stable (low) PBLH to a 9 | Ay d;/gﬁ)n rrl:gn(: with an 0 100-300 m; AMDAR_BR method is higher
daYtime/C()nveCtive (hlgh) PBLH each day Drginmron” 3 e, | P ) 091011121314151617 181920212223 0001 02 03 04 05 06 07 08
b4 o W we @i “amdar_airports_pblh eie
 PBLH is a simple metric that can effectiyely evaluate a m.ode.l’s ability to rgprgsent S C). & o e | "’jj‘fj,;j:; _usa_§0.txt” fjle that Average Daily PBLH Average across 60 airports
these lower atmosphere processes, which are often lacking in model verification . O = 0. VoV 0 da contains 60 airports
k / 9.5 0 Tl 0 w1 Q A 9\9/ ‘ July 2023 average of 60 airports ..
LQu T i st 0 Q0 @ et O i) B G 5 It includes the top 55 2000 * PBLH peak are similar for AMDAR_TI and
p : ~ Qe | e » St Al . m AMDAR_TI m AMDAR_BR ® HRRR_01h ® HRRR_12h HRRR_01 while AM DAR_BR iIs ~200m
2 AM DAR A' rc raft Data RaE V= Hisaa O LV TN‘:;‘;W °° USA airports basefj 1500 lower (average 60 airports)
. I e - 70 e on passenger traffic 9 P
S Q5 phoenix Q9 - 1$1
, , , ; g g oy «=  plus 5 additional - « HRRR 12h forecasts produce taller PBLH
* Aircraft data is the most important DA e - QN R 0%V 2V e o0 airports in the : than 1h forecasts (this is a known issue)
source (James et al. 2020), but is not well D < A 5 oo southeast CONUS 2 o |
utilized for model verification o, gV nas NN U S . SR L (€ = e 0 * PBLH minimums agree better, with
. . TR | Bt SRRRAECTT LRI W, A (D et o [68 shown here, plus AMDAR_BR higher than AMDAR_TI, and
* Aircraft Meteor:ologlcal DAta Relay = G 1 Alaska, 1 Hawaii] 0 - I - HRRR in the middle
(AMDAR) data is one of the only sources gt B Wi )

e e T e R / \ Average daily min or max /
, - TP
2 T1 PBLH Method Evaluation N 9. Portable AMDAR PBLH netcdf files

of lower atmosphere profiles with

temporal frequency (which is needed to
represent the PBL)

D

« AMDAR provides thousands of T,
humidity, and wind measurements per ' ——— . . . . e Hourly netcdf files 1d fields saved
. hour [hourly netcdf files with 1-d fields] N AMAR e Coetags i 16 0 2074 y * July 2023 evaluation of daytime convective PBLH using the Tl method _ _
o File name§ pblh_reglon_YYDOYHHMMq.nc [flight_index] [airport_list]
s B\ Daily Cycle at Denver e Same s.ufflx as source AMDAR files n=UNLIMITED n=60
3 . P rOJ e Ct G oa | SIA p p roa C h Denver daily cycle, all of 2023 ~  Denver daily cycle, Mar 2023 - Large daily variation in PBLH ° _Sma" -Slze (~5 MB each) tgil_number pblh_avg
N A - due to seasonal & daily e Key dimensions a!rport_code pblh_std
; ‘ o001 monthly meteorology e flight_index=UNLIMITED (appended w/ each flight) alrport_name _
1. Develop & Implement two methods to compute PBLH from AMDAR data | average | e altitude=241 (25m bins from 0-6000m) ;c;rhndlng_ﬂag 2d fields saved
+ Thetaincrease (Tl) method (Nie/sen-Gammon et al. 2008) ;™ * PBLH evolution from e Airport=60 (list of individual airports) bih method | [fight_index, altitude]
+ Critical Bulk Richardson number (CBRN) method (Seide et al. 2012) stable/nighttime to e Logic/design time_base n=[UNLIMITED, 241]
2. Provide AMDAR PBLH values for 50+ airports via three tools/datasets - = | e = con\f(edctlve/daytlme ' present * Readinairport text file & loop through all airports lalt_gase anuce
. ! 12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03 “ 12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03 mos ays g Include all ﬂlghts within a SpeCIfled radius’ reorder Ign— baassee teTpetraItutre t
. . hr (UTC) hr (UTC) .. . . . L poiential_temperaiure
Portable AMDAR netcdf files Denver daily cycle, July 2023 Denver daily cycle, Dec 2023 o Large variation in PBLH at the flight array to be asc-endlng time_pblh pressure_altitude
+  METplus Use Case A\ daytime peak (ranges from . fﬂond“"t:ﬁ'-': a'g‘;_rl 'th;“(s) e lat_pblh dewpoint
. . . . . 3000 1 W - ~200 - 4500 m ° ap each flight profile data point to altitude array lon_pblh windSpeed
METexpress [in GSL’s Model Analysis Tools Suite (MATS)] y :VZ,:;h;i :,‘ - ) Save 1d and 2d fields to netcd file alt ad o
< 2000 4 N 4 XAORNEA £ 1500 monthly ° i i i * .
a N | % 4‘:\ N\ || average Daytime peak time varies; e So far, processed 1 year of AMDAR PBLH files (2023)
4 T' P B LH M th d b\ N | generally occurs around 20-
YA N\ I\ . o o .
. etno ,f’ffff-—-f‘\%}c‘{“".\\‘@\\\\\ 23 UTC each day Using AMDAR netcdf files to diagnose PBLH outliers
2004 7 ',/,.”74 \(’\\\'l‘\.\,—l\:§\‘\{ WP ==Y pblh_denver_231502000 pblh_denver 231502000 pblh: denver: 231202000
- A potential temperature (PT/theta) profile is created from each flight ascent/descent gl S, /‘""— e~ —— 1 + Generally PBLH is higher in Denver (30-May-2023, 20 UTC) \ - "
) . . ) ) 12 13 14 15 16 17 18 hlr9(U$g) 21 22 23 00 01 02 O3 hr (UTO) Warmer monthS, as expected 2000 A 8 f|lghtS processed PBLH (m) | 5000 - 5000 A
 PBLH is identified as the first instance where PT exceeds (PT_base + PT_delta) oo | AMDAR B 87 22 e e s | oo \ //
. . _ HRRR 3 nearby grid boxes: 321, 366, 3259 = £
Typical Daytime Theta Profile Theta-increase method example Average Daily PBLH Peak for 60 airports £ ool 5 2000 g
2000 . , = AMDAR _TI shown h 2 5000 ® 2000
oo + Step 1: Define alt_base (200 m) - We compute the daily peak PBLH value for each airport and average across the RN
R EZZ - Step 2: Determine lowest theta value below alt_base (290.8 K) month of July 2023 (doi_tai) . (pbln_fait) > , o
S ° . . T T T T ° T T T °] T T T T T T T 0] - - - -
g 1200 apei o Step 3: Specify theta-increase (PT_delta) value (1.5 K) * We compared AMDAR PBLH to the High Resolution Rapid Refresh (HRRR) method B A e et
§ ooy S 6-PREH=Te2.aK i firad (which also uses the Tl method for daytime convective PBLH) . . . . .
800 y fhtef 4: Find f'fstz'gngt:"ieg"hggz t;'?(ta exceeds theta-base + - Profiles can easily be plotted from the fields in the netcdf files
600 - .8+1.56=292, : : -
400 eta-increase ( ) 4000 « In this example, the large range of PBLH values is partly due to stability (theta
200 —— arvsse Step 5: PBLH is determined to be the altitude at this theta increase near the surface) (present with HRRR as well) plus one bad AMDAR profile
gl The HRRR model also uses this method for daytime PBLH 3000 4 N
- / 10. S [ Next St
B AMDAR ® HRRR fohr . oummary eXx eps
5 . C B R N P B L'—l M eth Od £ 5000  |Implemented two PBLH methods using AMDAR data (T| Method, CBRN Method) and
é processed 60 airports for the year 2023 (evaluating July 2023 here)
 Bulk Richardson (BR) numbers are computed for each flight ascent/descent data point o « The AMDAR_TI method compares well with PBLH from the HRRR model
- PBLH is identified as the first instance where BR exceeds a specified CBR value 1000 * The AMDAR _BR method has lower PBLH peak, but is still being refined
CBRNmethodiexampie  Created portable AMDAR PBLH netcdf datasets that include PBLH as well as key
Bulk Richardson Number at each Flight data point . . . .
i e Step 1: Start with flight data point at lowest altitude; fields on a vertical coordinate grid
100 . compute Richardson number 0 1 e T L1 ILINIE LIHRNND ]  Next Steps
0 CEF PR E283 5052855229328 8528F50R38220428592323¥92230382555%2 :
. . 20m < EBES530538I555Qr 28 38557 252Rb52842a=028 05 854622052z 225%  Release new/improved METplus use case and METexpress tools
5 * Ri, — (8/6s) 6z — 6s) (2 — Z) . . - .  Further refine AMDAR_BR method, conduct more detailed seasonal evaluation,
g . (tty — 14s)° + (v, —v5)° + b2 . Alrpor.ts have a b[g range in daily peak PBLH (500 — 4000 m); locations that are warm and submit a peer-reviewed manuscript
2 ) and windy have higher PBLH (e.g. LAS, PHX, SLC, ABQ) ~ /
° Step 2: R te at the next higher data point : : : i |
: ® TP & REcOmpHTe at the hext gher aata poin  PBLH from AMDAR data is generally possible, except for three smallest airports References
f CBRN = 0.5 o Step 3: Stop when bulk Richardson number > CBRN (0.5) + Nielsen-Gammon J, Powell C, Mahoney M., Angevine W, et al (2008): Multisensor estimation of mixing heights over a coastal city. J. Appl. Meteorol. Climatol. 47: 27-43.
0 - + AMDAR & HRRR compare fairly well (imperfect HRRR grid box averaging will be T 0 T e A e s
Bulk Richardson Number IS methoaqls aiso use or -0 ana was ioun o be \\ more accurate n METplUSIM ETeXpI’eSS) / . Zhang, Y., Sun, K., Gao, Z., Pan, Z., Shook, M. A., & Li, D. (2020): Diurnal climatology of planetary boundary layer height over the contiguous United States derived from AMDAR
etier ior nocturna ang et ai. and reanalysis data. JGR: Atmospheres, 125, e2020JD03280, https://doi.org/10.1029/2020JD032803.
\_ better fc t /| PBLH (Zh tal. 2020) -



https://doi.org/10.1029/2012JD018143

