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Abstract The New York State (NYS) Mesonet consists of 126 surface weather stations across
the state with 17 of the sites also instrumented with active and passive profiler systems. The
NYS Mesonet (NYSM) is the first and only state-run network in the USA, that includes a com-
bination of surface stations, Doppler wind lidars (DWL) and thermodynamic profiles from
Microwave Radiometers (MWR). NYSM's continuous and extensive observations from the sur-
face to the lower atmosphere have a wide range of applications in air quality and human health,
forecasting of severe storms, and predicting renewable energy production. This study provides
results of assimilating the NYSM surface station data and the DWL wind profiles. The impact
of NYSM observations on predictive skill is evaluated for one tornadic supercell case that has
large uncertainties in analysis with respect to low-level temperature, moisture, and wind vari-
ability. Compared to forecasts assimilating solely conventional observations except NYSM, the
additional assimilation of NYSM observations effectively corrects the cold and dry biases in
central New York State, resulting in a more accurate representation of surface conditions. Nota-
bly, the assimilation of NYSM DWL wind profiles improves the prediction of the location and
intensity of convective systems, thereby creating an environment that increases the likelihood of
supercell and tornado formation.
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Fig. 1. (a)-(d) Composite reflectivity (dBZ; color fill) of the convection event from 1900 UTC to 2200 UTC 7 August 2023
with radar observations and (e) reflectivity and (f) radial velocity zoom in on the magenta box in (a)-(d) at 2300 UTC 7 August
2023. The black circle indicates the observed tornadic debris signature near Glenfield. The reflectivity radar observations are
provided by the Multi-Radar Multi-Sensor (MRMS) project (Zhang et al., 2005).
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Fig. 2. 10-hour HRRR forecast for (a) 2-m temperature (°F), (b) 2-m dew point temperature (°F), (c) SBCAPE (J kg™"), and (d)
maximum reflectivity (dBZ) at 2200 UTC 7 August 2023. The circles filled with color in (a) and (b) represent the conventional
surface station observation.
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Fig. 3. (a) SPC tornado outlook issued at 1244 UTC 7 August 2023 valid from 1300 UTC 7 August to 1200 UTC 8 August
2023, and (b) SPC storm report for 2300 UTC 7 August 2023 (https://www.spc.noaa.gov/cgi-bin-spc/getacrange.pl).
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Fig. 4. Location of NYSM surface station sites (green
circles), NYSM profiler sites (magenta pins), NWS
radiosonde sites (blue triangles) and WSR-88D radar sites
(black circles filled with white) with white shadings
indicating radar coverage at 75 km radius at 1 km AGL
(https://nysmesonet.org/). Yellow rectangle indicates the
location of Glenfield.
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2.2.1 NYSM Doppler Wind Lidar (Doppler Wind
Lidar)
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Table 1. NYSM ground-based remote sensing profilers used in this study.

Vertical resolution/

Instrument Measured variables Vertical range .
temporal resolution
DWL Horizontal wind component (m s ") 90 m -3 km 30 m/15 min
MWR Relative humidity (%), temperature (K) 10 m - 10 km 10 m-2 km/1 min
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Fig. 5. Vertical profile of (upper) U-wind (m s™") and (lower) V-wind (m s™") from DWL and radiosonde at (left) 0000 UTC 7
August, (middle) 1200 UTC 7 August, and (right) 0000 UTC 8 August 2023.
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Fig. 6. Vertical profile of (upper) temperature (K) and (lower) relative humidity (%) from MWR and radiosonde at (left) 0000
UTC 7 August, (middle) 1200 UTC 7 August, and (right) 0000 UTC 8 August 2023.
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Table 2. Experimental configuration for data assimilation. Conventional observation (CONV) includes radiosonde, aircraft
observations, and surface station data. NYSM surface station (SFC) measures 2-m temperature (K), 10-m horizontal wind
components (m s '), 2-m relative humidity (%) and surface pressure (hPa). NYSM DWL measures horizontal wind components
(ms™).

Experiment Assimilated observations

CONV NCEP GTS conventional observation
CONV+SFC CONV-+NYSM surface station
CONV+SFC+DWL CONV+NYSM surface stationtNYSM DWL

7] 3AZE ESE FH BESUE 308 AR T3 oE F3Sitk(Table 2). 7 AHOAM T #50
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Fig. 9. 2-m temperature analysis (°F) and 10-m wind vector (m s™') analysis for (a) CONV, (b) CONV+SFC and (c)
CONV+SFC+DWL at 1800 UTC on 7 August 2023. Small circles filled color represent NYSM surface station temperature
observation and large circles filled color represent conventional surface station temperature data at 1800 UTC on 7 August
2023. (d), (e), and (f) are the same as (a)-(c) but for 2-m dew point temperature (°F).
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Fig. 10. Surface-Based Convective Available Potential Energy (SBCAPE) aanlysis for (a) CONV, (b) CONV+SFC and (c)

CONV+SFC+DWL at 1800 UTC on 7 August 2023.
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Fig. 11. Hodograph of (a) CNTL, (b) CNTL+SFC, and (c) CNTL+SFC+DWL analyses (black solid line) and DWL wind
profiling observations (green solid line) at Belleville NYSM site at 1800 UTC on 7 August 2023.
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Fig. 12. (a)-(c) Composite reflectivity (dBZ; color fill) of the convection event from 2100 UTC to 2300 UTC 7 August 2023
with radar observations and predictions of composite reflectivity for (d)-(f) CONV, (g)-(i) CONV+SFC, and (j)-(1)
CONV+SFC+DWL experiments initialized at 1800 UTC 7 August 2023. The reflectivity radar observations are provided by

the Multi-Radar Multi-Sensor (MRMS) project (Zhang et al., 2005). The black star indicates the location of Glenfield.
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Fig. 13. Fractions skill scores for the three DA experiments defined in Table 1 calculated with a (a) 24 km and (b) 48 km
neighborhood for radar reflectivity of 40 dBZ.
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Fig. 14. NEP of (a) CONYV, (b) CONV+SFC, and (c) the difference between CONV and CONV+SFC for radar reflectivity of
40 dBZ at 2300 UTC 7 August 2023. (d)-(f) are the same as (a)-(c) but for CONV+SFC+DWL in (e) and (f). The black
contours in (c) and (f) represent MRMS radar reflectivity observations above 40 dBZ, and black stars in (c) and (f) indicate the
location of Glenfield.
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Fig. 15. Hodograph of (a) CNTL, (b) CNTL+SFC, and (¢) CNTL+SFC+DWL 5-hr forecast at Glenfield at 2300 UTC on 7

August 2023.
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