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Research Questions

● What are the kinetic and thermodynamic characteristics of 

the boundary layer above Long Island, Connecticut, and the 

adjacent coastal waters during high ozone events?

● How does the boundary layer then evolve during high ozone 

events?

● How well can a small ensemble of WRF runs employing 

different PBL schemes represent this boundary layer 

structure and evolution? 



LISTOS 2018

● Research aircraft fitted with 

Aventech AIMMS-20 (aircraft 

integrated meteorological 

measurement system) 

measures 3-D wind vector at 20 

Hz, T at 1 Hz and RH at 0.5 Hz

● 14 observation flights from June 

30 to Jul 28 2018

● Supplemental data: O3 (2B 

technologies), CO2 (Licor 6252)

24Hr Peak - 8Hr avg Ozone

Init: 07/09 12z Valid: 07/10 06z



Background and Motivation

● Surface ozone over LI, CT, 

and NY metro frequently 

exceed NAAQS levels for 

humans.

● Amplification of these plumes 

due to complex interplay of 

over-land and marine 

boundary layer dynamics is 

not well understood.

● Two case-study days for this talk (Jul 9 and 10) are chosen due to the 

extremely high ozone levels predicted and observed over LIS as well as 

the presence of a lower level jet (LLJ).

● WRF simulations have been shown to struggle with low level coastal 

winds (Colle et al. 2016).

8Hr Non-attainment Areas in LI and CT



LISTOS 2018

~15,000,000 people in this photo



Long Island: heavily populated but also heavily forested (dominant species: oak, pine, sassafras, tulip, maple)



Aircraft Flights: July 9th and 10th

● Flights usually carried out 

between 18:30 and 21:00 

UTC 

● Spiraling profiles and two sets 

of vertically stacked, constant 

height, cross-sound transects

● The constant height transects 

allow for computation of 

turbulent kinetic energy (TKE)

● Vertically-stacked legs to 

create vertical cross-sections

July 9th Flight track

July 10th Flight track



= flight date

Source: NYSDEC (https://www.dec.ny.gov/chemical/38377.html)

Six out of 14 research flights were during high ozone events in the region.



The WRF Model Setup (K. Fryer)

1.33km

4km

12km

WRF Domains

● Three runs for each case varying 

the PBL schemes:

○ ACM2, YSU, and MYNN2

● 12, 4, and 1.33km domains

● 38 vertical levels with 13 below 

1000m

● Thompson microphysics, and 

Kain-Fritsch used on 12-km 

domain

● Initialized using RAP analyses at 

00 UTC the day of event [~ 18 hr 

spinup]

○ Hourly boundary conditions

● Model output saved every 5 

minutes for interpolating the 

model to the aircraft flight track



Synoptic Background: 500 hPa Analysis

● Broad trough north of Wisconsin at 12z on the 9th, moves east through the case study period 

and by 00z on the 11th, trough is deeper and north of Maine

500mb SPC Upper Air Analysis: 07/09/2018 12:00 UTC



Synoptic Background: Surface Analysis

● Weak high pressure and weak pressure gradients over Northeast U.S.

● Coastal trough develops during the afternoon with the warm temperatures.

● Dominant flow is from the southwest

07/09/2018 18:00 UTC 07/10/2018 18:00 UTC



9 July 2018 Case Study



July 9th: Potential Temperature Soundings @ OKX

NWS 

Sounding
● Model errors reverse sign between 9/12z 

and 10/00z in lowest few hundred meters.

● WRF too warm early AM and too cool by 

following 10/00Z

07/09 00z - FHR:00 07/09 12z - FHR:12 07/10 00z - FHR:24

● WRF too warm from 300 to 1500 m.

● Small differences between PBL 

schemes



July 9th: Wind Speed Soundings @ OKX

07/09 00z - FHR:00

NWS 

Sounding

● WRF initialized ok

● A bit weak at 12z

07/09 12z - FHR:12 07/10 00z - FHR:24

● Strong again at 00z but not 

significant 



July 9th, 2018

Cross-sections and buoy locations

1.33 km WRF Terrain



July 9th: W LIS N-S Cross-section 01 [19-20z]

Windspeed

Theta

200 m

● Max winds 100-

200 m along CT 

coast. WRF 

winds too weak.

● WRF is too warm 

over LI and CT

● Some suggestion 

WRF PBL over 

LIS may be too 

shallow. 



July 9th: W LIS N-S Cross-section 01 [19-20z]

Windspeed

Theta

Ozone
● Highest ozone 

concentrations 

coincide with 

warmer air and 

maximum wind 

speeds



Windspeed

Theta

July 9th: Central LIS N-S Cross-section 02 [20-21z] 

● No wind max 

near CT coast

● Stronger winds 

above LI

● Stable layer at 

1500m not 

present in WRF

over LIS

● WRF slightly 

warmer than obs 

above 100m and 

cooler below



July 9th: Central LIS N-S Cross-section 02 [20-21z] 

Windspeed

Theta

Ozone

● Highest ozone 

levels between 

1500m stable 

layer and 

shallow MABL



July 9th: WRF Profiles over Central LIS at ~2045 UTC

Wind Speed [m/s] Potential Temp [K] Ozone [ppb]

● WRF Slightly too cool below 300 m, and slightly too 

warm 300-1500 m. WRF too strong.

● Little sensitivity to PBL 



July 9th: WRF Profiles over Central LI at ~ 2100 UTC 

Wind Speed [m/s] Potential Temp [K] Ozone [ppb]

● WRF 1500m inversion not present and low level inversion is too 

high. WRF winds still too high.

● Wind max just above stable layer at both levels



10 July 2018 Case Study



July 10th, 2018

Cross-sections and buoy locations

WRF Model Terrain Field

West LIS

Central LIS



● WRF errors again reverse sign between 

12z and 00z

● WRF too cool in PBL by early evening

● WRF has weak stable layer 

at 1500m

July 10th: Potential Temperature Soundings @ OKX

NWS 

Sounding

07/10 00z - FHR:00 07/10 12z - FHR:12 07/11 00z - FHR:24



July 10th: Wind Speed Soundings @ OKX

NWS 

Sounding

● WRF initialized strong

● Weak at 12z

07/10 00z - FHR:00 07/10 12z - FHR:12 07/11 00z - FHR:24

● Strong again at 00z



July 10th, 2018: Profile over Western LIS at ~19 UTC

Wind Speed [m/s] Potential Temp [K] Vertical Motion [m/s]

● Strong winds below 150 m...not an error, even stronger winds 

observed as plane continued to traverse LIS at this low level

● Wind max completely absent in model

● Model temperatures between 1500m and 50m are running 1-3 K 

warm



July 10th: W LIS N-S Cross-section 01 [19-20z]

Windspeed

Theta

● Strongest winds 

adjacent to CT 

coast

● WRF winds 8-

12 m/s weak 

with jet

● WRF temps 

much warmer 

than obs over LI 

by ~4-5K and 

over LIS by ~2K



July 10th: W LIS N-S Cross-section 01 [19-20z]

Windspeed

Theta

Ozone

● Greatest

ozone along 

LI coast but 

plume 

extends over 

LIS



July 10th: Central LIS N-S Cross-section 02 [20-21z]

Windspeed

Theta

● WRF winds 

close to obs

here or even 

slightly strong

● WRF running 

slightly warmer 

at 500m but 

cooler below 

100m



Windspeed

Theta

Ozone

July 10th: Central LIS N-S Cross-section 02 [20-21z]

● Highest ozone 

again adjacent 

to LI MABL 

and extending 

northward to 

CT coast



How does the boundary layer evolve (150m)?

14z 18z

19z 20z

● From 12z to 00z on 

the 10th the 

pressure gradient 

tightens up driving 

this widespread LLJ

● LLJ begins 

spreading to LIS 

along the western 

portion of the CT 

coast as well as 

more broadly 

across the eastern 

LIS

● Gap in LIS LLJ 

noticeable near the 

location of xsec 1



July 10th: W LIS N-S Cross-section 01 [19-20z]

Windspeed

Theta

● WRF runs warm 

over LI

● Warm air 

ventilates over LIS

● As PBL over LI 

begins to weaken, 

flow from Atlantic

moves over the 

island into the 

sound

● This produces a

weak jet structure

a few hours late



Conclusions

● 24 hour forecasts with our WRF are in general pretty good; however 

the details of transport (timing, magnitude) at any given location are 

very difficult to predict. Hindcast simulations should do better…

● The timing and movement of the Jersey seabreeze front onto the 

south shore of LIS (and to points north) is a moving target. The 

movement of this front will impact the LIS dynamics.

● WRF hardly captures the presence of a strong easterly low lying jet 

off the coast of CT. This jet is analogous to a jet we observed 

offshore the New Jersey Coast (for the first time) during the Cape 

Wind studies (Colle et al., BAMS, 2016). High O3 was observed 

within this jet.

● For chemical weather studies (e.g., O3 chemistry and its temporal 

and spatial evolution), the specifics in the transport characteristics 

for discrete events ought to be known/measured.


