Toward improving finescale forecasts

with UAS ensemble data assimilation

using NCAR’s Data Assimilation
Research Testbed (DART)




The benefits of UAS data assimilation

e Aircraft data assimilation can improve forecasts (Benjamin et
al. 2010)

e UAS data including data from networks (swarms) are
becoming more readily available (Fengler 2017, Jacob/OSU)

e UAS data have the potential to improve short-term, limited-
area, finescale forecasts (Jonassen et al. 2012, Flagg et al.
2018)

e Preliminary results using observation nudging of a simulated
cold-air drainage case observed during the LASPE-RATE
(ISARRA 2018 flight week) led to model improvement during
the assimilation time period (Jensen et al. 2019, AMS annual
meeting)
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Improving finescale forecasts

Saguache AWOS and WRF forecast 2018-07-19
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Improving finescale forecasts requires accurate
representation of the large-scale (1-km)
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UAS drainage wind case study

e 75 UKY flights
* 2 quadcopters =

* 3 fixed-wing platform de Boer et al. 2019

e Profiling by 2 OU Coptersondes
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Drainage wind simulation with FDDA

e Observation nudging (FDDA) results in an RMSE decreases of:
34% for temperature, 45% for relative humidity, and 25% for wind speed
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NCAR FDDA only improves the model during assimilation
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Drainage wind simulation with DART (EnKF DA)

e NCAR’s Data Assimilation Research
Testbed, or DART (ensemble data

assimilation) coupled to WRF
e 40 ensemble members (1-km domain) § observation

 Employ superobservations of UAS data ne *ee -
e Combining obs to 1-km spacing

e UKY data is assimilated (temperature,
relative humidity, winds)

e 15-minute cycling

e Observation errors are assumedtobe @@
small to give more “weight” to the
observations (0.1 K, 0.5 m/s) ® N’ W

 AWOS and OU have been "held out" of
DA for comparison

prior sample of observations

analysis
Anderson et al. (2009)

and the DART tutorial
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Analysis increment

 The analysis
increment is the
impact of the
observations on the
ensemble mean

* The spatial extent of

this impact is user
defined

e At the first
assimilation time the
observations of
relative humidity
have a large impact
on the model dry
bias

B NCAR
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Ensemble comparison to Saguache AWOS

 The impacts of assimilating UAS observations (versus not assimilated observations):
* Removal of the model warm (AT=2°C) and dry bias (AT,=4°C) and decrease in T, T

ensemble spread

e [nitial wind speed decrease (1130 UTC) in better agreement with observations

 Good ensemble agreement on the switch to up-valley flow

“ Mean and ensemble min/max

Mean wind speed, median wind dir and sigma

B NCAR
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Impact of the assimilated observations

 Thereis a decrease in
temperature RMSE at 700 hPa
e Almost all of the temperature
observations are being
assimilated
 Even though the
ensemble spread in
temperature is small the
ensemble is not rejecting
observations, i.e. the
observations are still
within the ensemble
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Comparison to OU Coptersondes

e The low-level warm bias at the OU944 location is removed through DA
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Comparison to OU Coptersondes

e The low-level dry bias at the OU944 location is still apparent though DA has
a positive impact
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Can the assimilation stick?

e The three closest member to the ensemble mean (based on multiple variables) at
1300 UTC are used for 6-hour forecasts (from 13-19 UTC)
e All three members eventually succumb to the model dry bias

Temperature, Dewpoint Temperature (C)
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Concluding remarks and next steps

* The framework for UAS data assimilation using DART has been setup
and assimilation tests are currently being performed

e |nitial tests show improvement in predicted temperature, moisture and
wind during the assimilation period

e A 4°C low bias in dewpoint and a 2°C warm bias are removed compared to
unassimilated observations
 EnKF will help quantify model bias and uncertainty

e There are difficulties of data assimilation removing model biases

* The free forecasts return to their dry-biased state

e Data assimilation can help uncover other issues with the model, e.g.,
inadequate surface moisture, or other physics issues

MNATIOMAL CENTER FOR ATMOSPHERIC RESEARCH

ISARRA 2019, Lugo Spain



	Toward improving finescale forecasts with UAS ensemble data assimilation using NCAR’s Data Assimilation Research Testbed (DART)
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14

