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Motivation and Objective

Motivation:

Air quality models provide the backbone of regional and

national air quality forecasting systems.

Improved AQM forecasting performance is desired.
Emissions are uncertain and they change with time.

Forecasts of source specific air quality impacts are
potentially useful for dynamic air quality management.

Objective:

Provide information that can better assist air quality
management

Improve air quality forecasting accuracy using near real time
measurements (gases, PM, AOD and PM composition) through
dynamic adjustment of emissions

Forecast source impacts in addition to air quality



Hi-Res air quality forecasting system has been

operational since 2006.
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Last year, Hi-Res was updated with the latest

versions of its components.

2011 NEI base emissions
WRF3.6.1 and CMAQvs.02 Hi-Res>
72-hour forecasts since December, 2014
4-km resolution infaround Georgia (https://forecast.ce.gatech.edu)
12-km for most of Eastern states
36-km for the rest of CONUS

Daily Maximum 8hrO3 Concentratlon on 20150114 Daily Average PM2.5 Concentration on 20150114
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But the most distinctive feature of Hi-Res2 is

source impact forecasting.

Using the Decoupled Direct Method, DDM-3D, Hi-Res2 is forecasting
traffic, power plant and prescribed burn emission impacts on O,and PM, ..

PM, . Traffic Contribution Power Plant Contribution
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With DDM-3D, impacts are calculated

iIndependently from concentrations using
emission sensitivities.

Sensitivity is the local
change in pollutant
concentration due to a
change in emissions.
Impacts can be
approximated as:

AC: = Siﬁl)AEj

Concentrations of i

» = Since we are using first
order DDM, impacts can be
erroneous for large AE.

Emissions of j



Top-down methods for
tracking changes in emissions



Emission sensitivities are used along with air

quality observations to adjust emissions.

An auto-correction system for traffic and power plant
emissions utilizing near real-time satellite and surface

observations

Projected Emissions

Surface

NO, NO2, «

03, PM ... Inverse Modeling Using
CMAQ-DDM-3D

“Corrected” Emissions

Satellite
NO2,
AOD ...

Minimizes the differences
between forecasted and
observed concentrations

Minimal adjustment to source
emissions

Currently utilizes PM,
measurements at ~20 sites in
Georgia

Soon with MODIS C6 AOD



The inverse modeling approach for adjusting

emissions Is an optimization problem.

Solve for the Adjustment Factors, R, that minimize »?

DDM-3D calculated sensitivity of o _
concentration i to source j emissions  emission adjustment

_ 5 ratio
J
obs sim
e —zg%,-—nj e
2 =1
4 _Z 2 2
=1 Gciobs j=1 Gln Rj

}c/veigh
L I J
! 2 ! 2
Xci ARj
Remaining Error Amount of Change in

Source Strengths

L-BFGS algorithm is used for the optimization (R package nloptr)



Offline tests of emissions adjustment showed

improvement in forecast accuracy.

Dec. 1-7,2013

Adjustment 0.17 0.83 0.85 0.97
Original Emission Adjusted

125123 = - 125123
| .. Wl | ..

10.7 10.7

8.4 8.9

7.1 FA

>4 2.4

36 3.6

1.8 1.8
o000 g U000 g
microgramsfmi™3 123 micrograms/imi™3 123

December 11,2013 5:00:00 December 11,2013 5:00:00
Min= 1.6 at(44,123), Max= 356.8 at(33.82) Min= 1.4 at({47,121), Max= 43.7 at(33.82)

Dec. 8-14, 2013
Original 4.64 10.04 86% 85%

Emis adjusted 5.62 54% 39%



Bottom-up methods for
prescribed burn (PB) emissions



Prescribed burning (PB) is a major source of

PM, . in Southeastern USA.

PB is practiced to improve native vegetation and wildlife habitat, control insects
and disease, and reduce wildfire risk.
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ST Georgia
Prescribed Fire Activity

(Index of Area Burned/100 sq. Miles)
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According to US EPA 2011 National Emission Inventory 15% of PM, . emissions in
the USA (840 Gg) are attributable to prescribed burning.



Prescribed burning can yield to dynamic

management easier than other sources.

Burn/no-burn decisions are made daily.
Decision makers can also consider PB impact forecasts.

PI\/I Prescribed Burn Contribution

Daily 24hrPM2.5 Concentratlon on 20150308 PB Impact on Dally 24hrPIVI2 5 Goncentratlon on 20150308
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(The scales for PM, . and PB contribution are different)



Forecasting PB emissions involves challenging

questions: When, where and how much?

There is a relation between
burns and weather.

No burns when it rains,

Nor when it is windy.
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The locations of the lands
treated by PB are known.

Georgia Forestry Commission
keeps track of burn permits.

From the permit data, we
derived average daily burn
area for each of the 159

counties in Georgia.

Weighted by
Area & Burn Days

N

by Nathaniel Knight
Rushabh Sakhpara
This is a thematic map showing the
bui ties

Legend
¥ PM2.5 Monitoring Stations
Acres Burned per burn day per sq km

0.3248- 0.5976
0.5977 - 0.9693




We built a burn forecasting model using the

fire weather and burn permit data.

There are 18 fire weather stations in
Georgia.

Fire Weather Stations
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Chatsworth, Ga Observed NFDRS-88 at 1300 EST Jul 20 2015
- Mx_Wind Rn24 |Dur
RH (%) |IC BI Class Day KBDI  |Wind (mph) (mph) (inch) | ey
54 18 22 2 Moderate 359 S2 s9 0.29 2
Sow (l;g“’ Td(F) |Tmax (°F) (Tn;‘)i“ RHMax (%) |RHMin (%) |HrbGF|WdyGF
0 94 75 92 72 97 58 12 12
1-Hour [10-Hour |100-Hour|1000-Hour X1000 |Herbaceous |Woody SC EC
8.0 8.0 16.0 19.9 188 848 120.7 5 16

Predictor variables:

Temp, RH, WS, Rain duration,
Drought Index and some other fire
meteorology variables

Training dataset: 2010-2014 burn
permit and observed fire weather
data
Matched weather data with burn
permits in the county of the monitor
Single, statewide decision tree
model
The model uses the fire weather
forecast to predict whether
tomorrow will be a burn day.
If burn day in central monitor’s

county, burn day in the entire fire
district.
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Forecasted PB emissions are input to CMAQ

and their impact is calculated using DDM-3D.

We are using FCCS fuel
load maps.
Satellites can provide more
up-to-date data.
s o IR T ) M Euel Load
e 5 SO s Miap around GA
i -

|

N

Author: .

Rushabh Sakhpara

Estimate emissions for
forecasted burns

Fuel moisture observations
for fuel consumption

Emission factors for
Southeastern USA fuels

Calculate plumerise
Fraction below/above PBL
height using Briggs formulae.

Forecast impacts of PB

emissions on O, and PM,

Currently statewide, by fire
district and by county in the
future.



Satellite fire & smoke analyses can be used for

evaluating the PB forecasts.

We compare our forecast qualitatively to the Hazard Mapping System
Fire and Smoke Analysis by NOAA.

We give each day’s forecast a rating based on the agreement in location
and density of fires.

February 13, 2015: rated very good

PE Impact on Daily 24hrPM2.5 Concentration on 20150307
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Burn areas from satellites and permitted burn

areas can be used for quantitative evaluation.

We compare our forecasts to:

Burn area and emissions provided by the Biomass Burning Emission
Product of NOAA

Burn areas permitted by the Georgia Forestry Commission

Satellite vs. Permitted _ Forecasted vs. Permitted

Graph of Permitted burn acreage vs. Forecasted acreage(Statewide model)
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Ground-level PM, . observations can be used

for evaluating the impact forecast.

PB Impact on Daily 24hrPM2.5 Concentration on 20150213 A hit (true positive)
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There are cases where the burn forecast can

be improved.
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Each burn impact case must be analyzed

carefully.
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County-specific models perform much better

than the statewide burn forecast model.

Based on the F1 Score (harmonic mean of precision and recall)

Statewide County Specific




Summary & Conclusions

23

We have started source impact forecasting and dynamic
emissions adjustments with the Hi-Res2 air quality
forecasting system (https://forecast.ce.gatech.edu).
Forecasting prescribed burn impacts may be very beneficial
for dynamic air quality management.

We are forecasting prescribed burn emissions for accurate
forecasting of the burn impacts.

County-specific regression models will yield much more accurate burn
forecasts than the statewide model we used so far.

Evaluation of the forecasted PB impacts is a difficult task.
Satellites do not seem to detect the low intensity prescribed burns.
There are only a handful of PB impacts at the ground monitoring sites.
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PM, ; at Yorkville on 18 March 2015

PM, ; at Rome on 18 March 2015
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PM, ; at Newnan on 7 Feb. 2015

PM, ; at McDonough on 18 March 2015
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Lesson learned: the burn forecast needs

Improvement.

We use the Fa score for evaluating the burn forecast models.

F1 Score: Harmonic mean of precision and recall

Precision X Recall
(Precision + Recall) /2

Precision
True Positives

True Positives + False Negatives

Recall
True positives

True Positives + False Positives



County Specific

Legend
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Lesson learned: intra-annual variation of

burn acreage is very large.

Monthly average burn day acreage should lead to better burn impact
forecast performance compared to annual average.

Total acreage permitted 2010-14 vs months
1800000

1600000
1400000
1200000

1000000

Total Acres Permitted

800000

600000

400000

200000

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



	Top-down and bottom-up emissions forecasting for dynamic air quality management
	Motivation and Objective
	Hi-Res air quality forecasting system has been operational since 2006.
	Last year, Hi-Res was updated with the latest versions of its components.
	But the most distinctive feature of Hi-Res2 is source impact forecasting.
	With DDM-3D, impacts are calculated independently from concentrations using emission sensitivities.
	Top-down methods for tracking changes in emissions
	Emission sensitivities are used along with air quality observations to adjust emissions.
	The inverse modeling approach for adjusting emissions is an optimization problem.
	Offline tests of emissions adjustment showed improvement in forecast accuracy.
	Bottom-up methods for prescribed burn (PB) emissions
	Prescribed burning  (PB) is a major source of PM2.5 in Southeastern USA.
	Prescribed burning can yield to dynamic management easier than other sources. 
	Forecasting PB emissions involves challenging questions: When, where and how much?
	We built a burn forecasting model using the   fire weather and burn permit data.
	Forecasted PB emissions are input to CMAQ and their impact is calculated using DDM-3D. 
	Satellite fire & smoke analyses can be used for evaluating the PB forecasts.
	Burn areas from satellites and permitted burn areas can be used for quantitative evaluation.
	Ground-level PM2.5 observations can be used for evaluating the impact forecast.
	There are cases where the burn forecast can be improved.
	Each burn impact case must be analyzed carefully.
	County-specific models perform much better than the statewide burn forecast model.
	Summary & Conclusions
	Acknowledgements
	Supplement
	Slide Number 26
	Slide Number 27
	Lesson learned: the burn forecast needs improvement. 
	Slide Number 29
	Lesson learned: intra-annual variation of burn acreage is very large.

