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Operational Forecasts @

» Daily operational forecast is issued in
the US (by AirNow system) to warn the
public of potential unhealthy air B e et B

p \o‘ (Combined PM and Current Conditions
1gust 08, 2018 2:00'\PMED Air Quality Index (AQI)

 Forecasters who issue these forecasts i s i
use a variety of prediction tools - U 5 B orheatny

Health Message: Active children and adults, and people with lung
disease, such as asth hould avoid prolonged or heavy exertion

outdoors. Everyone else, especially children, should reduce

prolonged or heavy exertion outdoors.
Note: Values above 500 are considered Beyond the AQI. Follow recommendations for
oidin to iy

 These tools include NOAA National Air ©West chests philadciphias B i st Al o o e e
Quality Forecasting Capability e :
(NAQFC) modeling system oSl partices (PM2.5) e

Air Quality Forecast

* Recently there has been movement £ ' Today Tomorrow

Air Quality Index (AQl) Air Quality Index (AQl)

toward probabilistic prediction of ozone o — @ -
(e.g. Pinder et al., 2009) . ?@“w ?@%

reducing prolonged or heavy reducing prolonged or heavy
r 1 exertion outdoors. exertion outdoors.

AQl - Pollutant Details
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Probabilistic prediction @

Probabilistic forecasts are vague!

-Is it going to rain?

-Will there be a tornado?

-Will there be an exceedance?

-Decision makers want “yes” or “no” answer
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Exceedance (yes) or no exceedance (no)?

* Probabilistic forecasts contain more information

than dejerministic ones and decision mjd_ke_rs NEA Ozone MDAS8 Forecast for 06/17/2018
would like to make use of these probabilistic 0.09 | | |
—PDF of Ozone Forecast
forecasts 0.08 EIGood 0.17 % _
[ IModerate 69.19 %
. . . B USG 30.55 % 4
» But their interpretation can be challenging 0.07 EUnhealthy 0.09 %
0.06

« One approach is to consider ozone exceedance:
current EPA ozone standard is 70 ppbv
maximum daily 8—hour average (MDAS)

MDAS8 = Maximum
Daily 8-hour |
Average

Density

« Forinstance, should we forecast exceedance or  9:03
not in the example forecast shown on the right? 0.02

« The question is not trivial and depends on the 0.01

model, location, and stake holders' objectives 0
50 60 70 80 90

Ozone MDAS (ppbv)

« Here we will perform a case study to examine
this problem in more detail
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Case study set-up

» We perform our experiment in
Southeastern PA — Philadelphia

(b) —— Borders of Counties
O BRIS
® CHES

an | 225@6 e New York, NY -
@® NORR Z ®
« We use experimental statistical = ' ke N

£ a0°N|

probabilistic model REGIS developed by
Balashov et al., 2017

Philadelphia, PA

[
Washington, DC

 The probabilistic forecast is the result of = R, |
ozone prediction based on a variety of
synoptic patterns

* REGIS operational model schematic is
shown below the maps
Ozone

» Training data for REGIS: 2000-2011 Forecast

« (Calibration data: 2012-2014
NAM and GFS MOS

e Evaluation data: 2015-2018
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Calibration 1

* Now that training is done (2000-2011), we
come back to our initial example shown 0.09
earlier S

NEA Ozone MDAS8 Forecast for 06/17/2018

- PDF of Ozone Forecast
[Good 0.17 %

[ IModerate 69.19 %
EUSG 30.55 %

I Unhealthy 0.09 %

« We will use calibration data (2012-2014) to O
decide at what threshold we should declare  0.06¢

exceedance 20051 ~30%
« REGIS exceedance threshold decides o G

what is “yes” and what is “no” (Is it 50%7 Is 0.03f
it 30%7) 002l

« Wilks 2012 recommends 4 different QL

I 0
methods to determine such exceedance = 7 = 80 90

threshold Ozone MDAS (ppbv)
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| |
Calibration 2

Depending on what exceedance threshold we pick we are going to have different
combinations of metrics based on the 2 by 2 contingency table shown below:

Total

a+b
(false alarm) Yes (Model)

d c+d
(correct rejection) No (Model)

N=a+b+c+d
Total of events
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National Aeronautics and Space Administration Determining exceedance threshold @
1) More likely event (>50%)
2) Forecast probability is greater than a given climatology

)

)

hits
3

Maximize the threat score (TS) = — _
hits+misses+false alarms
4) Minimize the bias ratio =

hits+false alarm

hits+misses
Evaluating REGIiS Thresholds with 2012-2014
ROC Curve 0.8 I Persistence|
1 ' ' — o B >50%
P For MDAS O 07t [IClim.
0, = 70 ppbv o — iy
0.8 105=70pp D o5 . No bis
= 05t I |
0.6 ] 7] T
©
o *~ As we change Q 045
= ’ d
T 0.4/ —Roc curve| { threshold from O & 03]
o to 100 hit rate |
0.2 eln. | decreases along o
max. . i
l "o blas with false alarm = 01
0 : * : : rate 0 1] 1 L1 | L1 Lo L1 ]
0 0.2 0.4 0.6 0.8 1 71-75 66-70 61-65 56-60 51-55 46-50
False Alarm Rate EPA Sliding MDA8 O, Standard (ppbv)
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Evaluation (2015-2018) @

+ We evaluating calibrated REGIS  ,;rrzy— e e — 2016
against persistence, NAQFC
(NOAA ozone model), and 0.6 | - 0.6
operational forecast v | | | '
a 0.4 : 0.4
0.2 1 0.2
« Operational forecasters tend to | | |
OUtperform Other prediCtionS g 71-75 66-70 61-65 56-60 51-55 46-\50 g 71-75 66-70 61-65 56-60 51-55 46-'50
I REGIS clim. [llPersistence [ |INAQFC [I]Forecast
2017 2018
* REGIS calibrated by climatology ~ osf(¢y =~ =~ = = T osf(d) .
and NAQFC are comparabile,
and even occasionally REGIS SR =
outperforms NAQFC B oal s
0.2 I I | | | | 0.2
» As expected, persistence shows
|OweSt Sk|” s 71-75 66-70 61-65 56-60 51-55 46-50 " 71-75 66- 70 61-65 56-60 51- 55 46- 50
EPA MDAS8 O, Sliding Standard (ppbv) EPA MDAS8 O, Sliding Standard (ppbv)
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Summary

« Reducing probabilistic forecast to "yes” and “no” is an important and relevant
problem

* In this work we test probabilistic statistical ozone model called REGIS at Philadelphia

« We find that calibrating REGIS exceedance threshold using climatology produces the
most skillful forecast based on the PSS

 ltis possible that for other probabilistic models different thresholds need to be used,
but the process of calibration nonetheless is recommended
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Thank you!
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Extra Slides
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National Ambient Air Quality Standard (NAAQS) for Ozone

IHow ground-level ozone forms

Sunlight

« Prolonged exposure is harmful for humans, animals,
plants, etc.

* Ozone daily maximum 8-hour average (MDAS8) —is
regulated (running average)

« Exceedance threshold — MDAS of 70 ppbv (set by EPA —
lowered it periodically)
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O; (ppbv) Category
0-54 (8-hr)
55-70 (8-hr) Moderate
Unhealthy for
71-85 (8-hr) Sensitive Groups

86-105 (8-hr)

106-200 (8-hr)

201-500 (8-hr)
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What is REGiS?

]

REGIS is a machine learning model that generates probabilistic ozone forecasts (Balashov et al., 2017)

. Create regressions using
Use Self-Organizing Maps (SOMs) to meteorological predictors as a function

classify multiple synoptic patterns of synoptic pattern

1 2 3 4 5 6
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Combine into probabilistic
forecast

—

NEA Ozone MDAS8 Forecast for 06/17/2018

0.09

—PDF of Ozone Forecast
0.08 - IGood 0.17 %

[_IModerate 69.19 %
0.07 [EUSG 30.55 %

Il Unhealthy 0.09 %

0.06|

20.05+

w0

@

Zo0.041
0.03}
0.02}

0.01r

50 60 70 80 90
Ozone MDAS8 (ppbv)
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MDAS8 Ozone 2012, NEA (ozone station in Philadelphia) Obs. (blue) vs. REGIS (light blue/gray)

120 I I I
| REGIS 5-95 Percentile I REGIS 25-50 Percentile —@— Observations = = =Exceedance Threshold|

100 ; a

MDAS8 O3 (ppbv)
(@)
o

40 H

A single day looks
something like this PDF

20

|
0 50 100 150
Day of 03 Season (May-Septmber)
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So, is it exceedance (yes) or no exceedance (no)?

NEA Ozone MDAS8 Forecast for 06/17/2018

0.09
. — PDF of Ozone Forecast
Here we come back to the the | 0.08k ERGood 0.17 % !
probabilistic forecast shown earlier Exgge;gtgsﬁg-w %
(forecast is derived from REGIS) 0.07T EUnhealthy 0.09% | |
0.06 | |
. £0.05¢ : :
Using climatology and maximum TS will : observation
give us correct answer here  0.04+ _
=k [
0.03} [
* Other thresholds that are above 31% 0.02 I
would yield a wrong answer here '
0.01} [
0
50 60 70 80 90

Ozone MDAS (ppbv)
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Max. Threat Score
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|
Evaluation 1

« We evaluate REGIS using Pierce Skill TR | - S—— o ;2086
Score (PSS) — an equitable Score “¢1(a) ' *?1(b)
0.6 . 0.6
w0
« X-axis shows sliding EPA MDAS8 & 04 G
exceedance scale s I | I | e
Lo . . 71-75 66-70 61-65 56-60 51-55 46-50 e 71-75 66-70 61-65 56-60 51-55 46-50
» Sliding scale allows for simulation of a [ >50% EICIim. [.-]Max. TS NG bias
variety of exceedances 2017 2018
0.8 (C) i 0.8 (d)
. . . . 0.6 1 0.6
« Evaluating calibrated REGIS using
. . . )
independent 2015-2018 data indicates ¢ o4 ! 0.4
that in the given case climatology | _ -
gives highest PSS score (especially | |
when there are few exceedances), 0 0 ~
. . . 71-75 66-70 61-65 56-60 51-55 46-50 71-75 66-70 61-65 56-60 51-55 46-50
while using more likely event EPA MDAB8 O, Sliding Standard (ppbv) EPA MDA O, Sliding Standard (ppbv)

produces lowest PSS score
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