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Top 6 Largest California Wildfires
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“The 2020 Fire Season will be counted among the most

severe since the founding of our nation” – CALFIRE 2020

Report



San Francisco During Wildfire
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September 9th, 2020
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Ground PM 2.5 Vs. Satellite  AOD 

11

Daily

Daytime snapshotHourly/Daily



San Francisco Bay 2020
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Summary

Lat Long

EPA 

Days Satellite days

EPA Dates
SEP-2020

Satellite Dates
SEP-2020 1/2 deg

Elevation 
meters MSL Regression R²

San Rafael 37.97 -122.52 5 6 10-14 8-13 -122.77,37.72,-122.27,38.22 3 0.217

San Pablo 37.96 -122.36 5 6 10-14 8-13 -122.61,37.71,-122.11,38.21 20 0.136

San Francisco 37.77 -122.4 5 6 10-14 8-13 -122.65,37.52,-122.15,38.02 5 0.134

Redwood 37.48 -122.2 5 7 10-14 8-14 -122.45,37.23,-121.95,37.73 3 0.378

San Jose 37.35 -121.89 5 7 11-15 8-14 -122.14,37.10,-121.64,37.60 31 0.197

Pleassanton 37.7 -121.9 8 7 7-14 8-14 -122.15,37.45,-121.65,37.95 101 0.382

Sebastopol 38.4 -122.82 5 8 10-14 7-15 -122.07,38.15,-121.57,38.65 78 0.726

San Andreas 38.2 -120.68 10 10 8-17 7-18 -120.93,37.95,-120.43,38.45 280 0.139

Merced-Coffee 37.28 -120.43 11 9 7-17 8-16 -120.74,37.03,-120.24,37.53 86 0.729

Sacramento 38.57 -121.49 11 9 4-17 4-15 -121.68,38.35,-121.18,38.82 13 0.480

Caramel Valley 36.48 -121.73 6 6 10-15 8-13 -121.98,36.23,-121.48,36.73 131 0.480
13



14

0

0.5

1

1.5

2

2.5

3

0

20

40

60

80

100

120

140

1-Sep 3-Sep 5-Sep 7-Sep 9-Sep 11-Sep 13-Sep 15-Sep 17-Sep 19-Sep

A
O

D

E
P

A
 P

M
 2

.5
 Μ

G
/M

3

DATE

Merced Coffee Daily

EPA PM 2.5 μg/m3 limit PM 2.5 MODIS AOD

y = 0.0216x + 0.1912
R² = 0.729

0

0.5

1

1.5

2

2.5

3

0 50 100 150

M
O

D
IS

 A
O

D

EPA PM 2.5 μg/m3

Merced Coffee Daily

Elevation=86m



15

y = 0.0118x + 0.4675
R² = 0.3788

0

0.5

1

1.5

2

2.5

3

0 50 100 150 200

Merced Hourly

SEP 13 

10-18

Elevation=86m

SEP 6 

10-18

SEP 5 

00:00
SEP 7 

04:00

SEP 9 

06:00
SEP 11 

08:00

SEP 13 

10:00
SEP 15 

12:00

SEP 17 

14:00

SEP 19 

16:00
0

0.5

1

1.5

2

2.5

3

0

20

40

60

80

100

120

140

160

180

Merced Hourly

EPA 2.5 PM 2.5 Limit MODIS

SEP 5 

00:00

SEP 7 

00:00

SEP 9 

00:00
SEP 11 

00:00

SEP 13 

00:00
SEP 15 

00:00
SEP 17 

00:00

SEP 19 

00:00

SEP 3 

00:00



16

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0

20

40

60

80

100

120

140

160

1-Sep 3-Sep 5-Sep 7-Sep 9-Sep 11-Sep 13-Sep 15-Sep 17-Sep 19-Sep

A
O

D

E
P

A
 P

M
 2

.5
 Μ

G
/M

3

DATE

San FranciscoDaily

EPA PM 2.5 μg/m3 limit PM 2.5 MODIS AOD

y = 0.0098x + 0.6584
R² = 0.1335

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 50 100 150 200

M
O

D
IS

 A
O

D

EPA PM 2.5 μg/m3

San Franciso Daily

Elevation=5m



17

y = 0.0108x + 0.5184
R² = 0.1599

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 50 100 150 200 250

San Francisco Hourly

Elevation=5mElevation=5m

SEP 10 

2pm

17

SEP 5 

00:00
SEP 7 

04:00

SEP 9 

06:00
SEP 11 

08:00

SEP 13 

10:00
SEP 15 

12:00

SEP 17 

14:00

SEP 19 

16:00

17

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0

50

100

150

200

250

San Francisco Hourly

EPA PM 2.5 Limit MODIS

SEP 10 

2pm

SEP 17 

00:00

SEP 5 

00:00

SEP 7 

00:00

SEP 9 

00:00
SEP 11 

00:00

SEP 13 

00:00
SEP 15 

00:00

SEP 19 

00:00

SEP 3 

00:00

SEP 8



18

September 8th
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Satellite AOD is very high, surface PM 2.5 is moderate and 

below standard

Surface PM2.5 reached 

maximum and way beyond 

air quality standard
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• Record high 2020 wildfires cause significant degradation of regional air

quality in the west coast.

• Both retrieved AOD from satellite measurement and ground level PM 2.5

concentration show significantly higher value than other time during the

year.

• Near the fire source region, the two parameters (PM2.5 & AOD) show

close correlation and suggest satellite can be a good indication of ground

level air quality.

• During the peak of the fire season, there is an episode when AOD from

both satellite and AERONET reached its peak, while the ground level

PM2.5 is still moderate and below the WHO standard. Two days later, PM

2.5 level reached its peak

• The evolution of the temperature vertical profile in the Bay Area suggested

a growing inversion near the surface likely shield the region from

transported fire plume for 1-2 days.

• Other factors need to be considered when using satellite AOD to estimate

the impact of transported fire plumes on near surface air quality.

Conclusions
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NATIONAL AERONAUTICS AND SPACE ADMINSTRATION

FOR THE BENEFIT OF ALL



Evolution of the Vertical Layer in OAK
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Smoke from wildfires shrouded the San Francisco Bay Area and blocked sunlight on 

September 9, 2020. Credit: Aaron Maizlish/Flickr/CC BY 2.0

https://creativecommons.org/licenses/by/2.0/legalcode
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Photo of a pyrocumulonimbus cloud over the Pacific Northwest taken from the cockpit 

of the NASA DC-8 aircraft on August 8, 2019, during the FIREX-AQ field campaign. 

Credit: Dr. David Peterson of the Naval Research Laboratory/ NOAA
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https://demo.openwfm.org/sj/?zoom=7&pa

n=38.31,-119.23&job_id=wfc-from-web-

2020-09-08_20-37-33-2020-09-

08_23:00:00-

48&domain=1&timestamp=2020-09-

08%2023:00:00&startDate=2020-09-

08%2014:00:00&endDate=2020-09-

10%2000:00:00&rasters=PLUME_HEIGHT

&opacity=0.5



39



40



41https://aeronet.gsfc.nasa.gov/cgi-bin/data_display_aod_v3
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MODIS Aqua
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WFM Simulation SJ Fire
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WFM Simulation SJ Fire
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WFM Simulation Creek Fire
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WFM Simulation Creek Fire
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Sept – 08, night time, no nearby tracks.



Sept-08, day time



Sept – 07 night time 



Sept -07 day time



Sept – 09 night time
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AERONET Observation

Fire season greatly perturb the otherwise clean 

environment

2020 September 

2020



AERONET observation peaked on September 8

September 07 September 08
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San Francisco
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Merced Coffee
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Fire and Smoke Detection

• MODIS (MOD04A1/MYD04A1)

• 1km Resolution ; 1 degree x 1 degree

• Low Earth Orbit

• Aqua 2002-Terra 1999

• True Color Image (RGB) visible wavelength 

bands 1,4 & 3

• The Terra satellite has an approximate 10:30am 

local time satellite overpass whilst the Aqua 

satellite has an approximate 1:30pm local time 

overpass.

86



Study Area
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San Francisco

88



San Francisco After

November 1st 2020 after NFPA(National Fire 

Protection Association)
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