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Fire Plume Injection Height
S iS importantt fully assess.
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If we don’t get the injection he|ght correct the transport of
pollutants will be incorrectly modeled resulting in:

* a mis-informed public (air quality reports), which could
adversely affect human health;

* an inability to accurately assess the Exceptional Events
Rule; and

* inaccurate tracking of elemental carbon coum' ,ftrongly
affect our understandmg of feedbac_ to and )‘Om the ﬁ
' : 2. BC transported to € rIy season Arct




This work serves as an example of the capacity of A-train
data (CALIOP, MODIS and GEOS-5) to inform both
Applications and Science.

Objectives of this talk

* Provide brief history

*Introduce thesTWO products that can be generated using
these.data (smoke attribution and-daily plume evolutlon)
and briefly discuss the methodology. | i

* |llustrate verification & validation examples and results

Together with existing A-train MISR plume height data,
we can inform the current understanding and
modeling of fire plume injection height.



History

. Historically, plume height had been based
Il on the pioneering work of G.A. Briggs
[1969; 1971] and verified with limited
field campaign data [Clements et al., 2007].

We have an increasing number of ground-

provide the statistics necessary to
8" understand and verify plume height.

I. MISR - Multi-angle Imaging
SpectroRadiometer

{ Il. CALIPSO - Cloud-Aerosol Lidar and
1'year after burn Infrared Pathfinder Satellite Observation
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CALIPSO

* able to identify plume heights from extensive smoke fields;

* increased capability of detecting optically thin smoke layers at a finer
vertical resolution;

* smoke plume identification with back trajectories are temporally
random, representing the entire temporal range of fire plumes.

MISR

* needs abrupt well-defined columns - relies on multi-view angles to
estimate the stereo|height of distinct features;

* substantially larger swath width than CALIPSO which results in a greater
opportunity to capture smoke plumes [Kahn et al., 2007]; &

* morning overpasses do not capture the natural temporal fire pattern.

Sensor Product Spatial Resolutlon Satellite Temporal
spacecraft Overpass Availabilit

MISR (Terra) AOD, aerosol 1.1 km horizontal 10:30a.m.. ~Once every
plume height x 500 m vertical 7 days

CALIOP extinction 100 m diameter 1:40 p.m:=<-Once every
(CALIPSO) profile, x 30 m vertical 16 days



CALIPSO plume height
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Example of the Problem

Chemical Transport Model

RAQMS Total Aerasol (ppby) along CALIPSO orbit on 2008 09 02
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. 7. Courtesy® ierce and Chi
~ This model underestimates plume |
for this western fire.

| If the plume height is incorrect, then the transport of those
. emissions will be incorrect potentially adversely influencing
public health and the Exceptlbnal Events Rule.

Photo courtesy of Brian Stocks



Recent work

Raffuse and colleagues [2012] compared smoke plume height
estimates using the BlueSky smoke modeling system with
observations from Multi-angle Imaging SpectroRadiometer (MISR)
and CALIOP satellite sensors over the United States.

They found an ~“50% low bias in simulated injection height for
western states, and relatively low correlations overall for the United
States compared with the observations [MISR R? = 0.1; CALIOP R? =
0.22].

Freitas, S.R., et al. [2007] has developed sub-grid scale plume rise for
vegetation fires for use in low resolution atmospheric transport
models.

Using Frietas sub-grid plume modeling embedded in the WRF-Chem
model, Sessions et al. [2011] found significant improvement in
smoke injection estimates.



Fire Regimes and Fuel Available Vary Widely
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June 28 2008
Columns near
Lake Athabasca:
5-6 km

Photos courtesy P3 group

Climate = Weather = Available Fuel = Injection height



" Fires between
~ Athabascaand June 302008
Reindeer Lakes

T N

Photos courtesy
P3 group

Climate —> == Injection height



Typical pyroCb convection columns (10-12 km)

behavior: continuous
high-intensity
crown fires

CIimate Fuel = Injection height



Reality and the Methodological Process

CAL'PSO Reality Reality  Smoke  Reality

~ overpass

ITransI Plumen.._.l Fire «..
Model injected

=Coincidence in CALIOP data and HMS smoke plume;
=Langley Research Center Trajectory Model (LaTM) to;
=Coincidence in space and time with MODIS fire detection.

All in 3-dimensional space and time



Plume and Coincident NOAA HMS smoke plume,

£ C&m_ and CALIPSO overpass.
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CALIPSO Tracks AUGUSt 08,2006

+ Coincidence CALIPSO and smoke
NOAA Hazard Mapping System Smoke




CALIPSO Curtains 08 Aug 2006 (v3)

Attenuated Color Ratio, 1064nm/532nm

UTC: 2006-08-08 20:07:30.3 to 2006-08-08 20:20:59.0 Version: 3.01 Nominal Daytime

30
18
15
= 14
13
12
0 1.1
10
E 08
& 15 o8
g a7
08
10 05
04
03
5 0z
a1
h . °
n o rt o - K Lat 2336 20.45 35.52 4158 47,60 53.58 59.51 65.34 70.95
180 135 90 -45 0 ad %0 135 180 Lon 9957 101,08 102.74 -104.60 106,76 -109.37 11268 -117.23 -124.01
20:07
. 532 nm Total Attenuated Backscatter, km” sr’ UTC: 2006-08-08 20:07:30.3 to 2006-08-08 20:20:59.0 Version: 3.01 Nominal Daytime
30 - TR LT (g : N
to ) otk el B T | %;E"“'" .01 Nominal Daytime
::3 | 1.0x10°
28 50 a0
40 7.0
20:20 -
° Toxtoe -
20 80 b}
] 20
£ 65 20 Lome
b 60 7.5
y 15 - 55 7.0
50 £ 65
45 2 60
40 ; 55
as 50
10 25 b}
u
0xi0? 312
90 20
80 15
7.0 1.0x10-2
60 90
5.0 80
40 7.0
20 60
ol 1.0x104 58
Lat 23.38 29.45 35.52 41.58 47.60 53.59 59.51 5. 70.95 30
Lon -99.57 -101.08 -102.74 104.60 -106.76 -109.37 112,69 -117.23 -124.01 20
Lat 23.36 .. X 65.34 70.95
Vertical Feature Mask UTC: 2006-08-08 20:07:30.3 to 2006-08-08 20:20:59.0 Version: 3.01 Nominal Daytime Lon -99.57 -124.01
7
Aerosol Subtype UTC: 2006-08-08 20:07:30.3 to 2006-08-08 20:20:58.0 Version: 3.01 Nominal Daytime
O 20— "
] ! 6
: ; Aerosol Subtype ;
15 — o 5
a 1 [
5 B — polluted dust 1)
. £ rown — poiliute us ]
g 10 , 3
3w ] [
! = ' . Sl
-
5- -
2 ] - [ 1
B i L 1 G
2@ 1 r
" par
! Lat 23.36 26.41 35.48 4153 47.56 53.54 58.47 65.30 70.95
Lon -99.57 -101.07 -102.73 -104.59 -106.74 -109.34 -112.66 -117.19 -124.01

T T N/A = not applicable 1 = clean marine 2 =dust 3 = polluted continental 4 = clean continental 5 = polluted dust 6 = smoke
Lat 2336 20.41 35.48 41.53 47.56 53.54 59.47 65.30 70.95
Lon -99.57 =101.07 -102.73 -104.59 -106.74 -109.34 -112.66 -117.19 -124.01

1=clearair 2=cloud 3=aerosol 4 = stratosphericlayer 5 =surface 6= 7= totally L = low/no




Pressure

255, 265, 275. 285,
Temo (K)
1000 L
—-130 —-120 -110 —100

Longitude

-90

Smoke-filled air parcels are
initialized in the LaTM at:
~1 second intervals along
the CALIPSO smoke
segment track;

at 100m vertical intervals
within the smoke plume.

The LaTM uses a 15 minute
time step and is driven by
NASA Goddard Earth
Observing System version 5
(GEOS-5) large-scale
meteorological reanalysis
data.



Current Criteria for Coincidence

eali eali eali
CALIPSOR ty Reality Smoke  Reality
| .

overpass

I. Transpbﬁ_l Pluﬁi@u._.l Fire:
Model injected

Coincidence Criteria

+*» Coincidence between air parcel and fire detection in space
(20 km) and time (day)
+* Fire detection > 35% confident

*» If above boundary layer, must be coincident with 6 or more
detections



Coincidence
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Initialization Time minus
-24 hrs: Back trajectories
pass over “fire of
interest” in North-Central
Washington in the mid
troposphere (~ 500 mb,
~17000 ft, ~5.2 km).



T — 36 hrs: Back trajectories pass over “fire of interest” in
North-West Montana, in the lower trop. (~ 800 mb, ~ 6500 ft, ~ 2 km)
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Smoke Attribution

‘l

%ak 1 !\u;}uﬁ 07

BC August 07
* The|fires in Washington injected A sak2 August 06, ND August 07
smokg in and above the Boundary MT August( ‘ [TI
Layer['spanning from about 2 to 6 km. ND August 07

o Fire 13 Augt.lst 07
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* Al] Saskatchewan and Nprth Dakota [fires (_;QII |OP Vertical Signal from

injected in the Boundary Layer at around 1 km August 08 2006



This plume can be attributed to 9 separate fires, burning on
different days (12 event days):

Product

Washington - large fire

August 6" (~ 3400 m); Two

August 7th (mean 3300 m, range 1900 — 6300 m);
Washington - medium-sized fire

August 7™ (range 2200 - 4400 m)
British Columbia i

August 7" about 3400 m
Montana fires — 2 of them

August 6" — mean 1980 m
Saskatchewan (2 fires) s G

August 6" and 7t ¥1000 lﬁ
North Dakota (2 fires) August 7th ~ 2000 m

One coincident MISR overpass — within 100’s of m in Montana |
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Two larger fires burning in Washington.
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Two smaller fires burning in Montana.
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Verification

Forward trajectory from fires in Washington
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Verification

Forward Trajectory
from Montana

CALIPSO Lidar Version 3.01

Contributions to
the southern section
of the overpass
at about 1 to 3 km

| cALIPSO Lidar Version 3.01



Verification

GEOSS FWD troj 20060807  Valid 2006080820 Z

Forward Trajectory
contribution
from British Columbia

CALIPSO Lidar Version 3.01

Contribution to
mid-altitudes
in the mid-range
of the overpass.
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Verification

Boundary layer fires
from the east

CALIPSO Lidar v3.01
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Product Two: Example One fire using Several CALIPSO Granules

Mean Altitude for the Tripod, WA Multiple CALIPSO
Aug;(x)sato 04, 2006 overpasses
_ FTLE » 20060805
£ 6000 xx%x" = 20060805b
o 5000 = + 20060806
o oot ,.,.ml““ « 20060806b
-5 4000 ““A AAAa llll
= 00e® oi=" aAANA guat®fh « 20060807
= 3000 ;3° R 1 & *
= | . .. * 20060807b
o 2000 prewenead ||“F nee 20060807¢
T 1000 200608074
S o 20060808
00:00 04:48  09:36 _14:24  19:12  00:00 - 20060808b
Local Time
-U es burnmg in Aug 04 Sufe 7
ashlngton B v
.~¥¢ MODIS Aqua August 08 2006 /%" 1
l“ ) ﬁ h !t 5 . '
NI with fires MODIS Terra; =
and smoke CALIPSO &
transport overpasses

river of smoke




MISR data - extensively interrogated - excellent work

-5 years obs. from North American (2002 and 2004-2007).
-plumes range from a few hundred meters to over 5000m
-largest - boreal (median values of 850 m),

-smallest cropland-grassland (median values of 530 m).

-A significant fraction (4-12%) were injected above the
boundary layer (BL); and most of the plumes located above
the BL (>83%) were trapped within stable layer.

MISR data likely underestimate plume IH:

* morning overpass, so the peak of the fire day is missed;
* MISR needs distinct boundaries (large fires - irreqular
boundaries, smoky cloud-like features)



Example - Tripod fire burned in Washington in 2006 and was one
of the largest fires in the lower 48 in recent U.S. history. It
burned vigorously in July (started ~ July 37¢) and August, and
MISR TH was able to capture data for 4 days during that 2-month
period [27 July (1 IH); 18 August (6 IH), 25 August (3 IH) and 27
August (5 IH)].

Spatial and Temporal Coincidence between CALTOP/MISR

August 25™, - 3 MISR assessments - 4 CALIOP-LaTM segments
and 2 of these coincide with MISR overpass time.

-CALIOP TH: 1300-1400 m ASL; 3800-4000 m ASL;

- mean MISR heights are 2040 m, 3060 m and 4260 m ASL.

August 27'h, -one CALIOP segment - coincident with 5 MISR
CALIOP: smoke injected at the surface, and this is
MISR injection at & just above surface .

The MISR and CALIOP-based methodologies produce strikingly
similar results, which arques for the accuracy of both products.



Limited number of plumes analyzed with CALTIOP
(all in North America, August 2006).

- the entire plume is injected in the boundary layer in 21% of
cases (88- 96% for MISR),

- the lower portion of the plume is injected in the boundary
layer in 44% of cases (mean height 34% of cases).

CALIOP data provide the opportunity to determine smoke
plume IH, randomly, from all times of day, as well as from all
ecosystems, fuel types and meteorological conditions, so
these data, paired with MISR BB IH data, would be optimal.



Conclusmnf 5 v i

< CALIPSO data proylde a spatlally and temporally
random view of fire plume data ‘one that is not I_|m|ted
to particular fire types or times of day.

s> One CALIOP swath can be representative of a '
complicated 3-D'temporal and spatial story that
incorporates several days, several fire events and a

range of fire'types from-agricultural to large wildfires.

« ‘Most of emissions are fromthe'few largerfires, so if
BB.IH is misrepresented for larger fires, then a large
portion of the emissions are misplaced in.CTMs and
climate models, with implications for air quality

predictions and climate feedbacks.



ConclusionS .- ﬁ'- P,
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« In concert, CALIOP and MISR data will
add to the statistical knowledge
necessary to improve our-knowledge of
the dynamicsof fire plume injection
“height.
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