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My ties with Yoram
• One of graduate students growing up with reading Yoram’s paper

– “Knowing a person from reading his/her book”

• Had only one conversation with him during a AGU meeting break 
(something like this): 
– “Hi, Yoram, I read a lot of your papers”
– “Oh, so you’re also interested in aerosols?”
– “yes …”, “Is it important to consider aerosol hygroscopicity in satellite 

retrievals?”
– “In some cases of course, but globally difficult …” 

• First person to use Yoram’s office for a year after he passed away
– Read many of his papers on his desk 

JGR 2007



What do I learn from reading Yoram’s paper?

• Ground-break ideas & new concepts
• Clear and easy-to-understand description of physics
• Thorough analysis, but high-level presentation of results
• “big brushes”, focus on key/major processes & variables
• Tackle complex problems with principals, simplicity and elegancy

This talk presents some of my (and my group’s) work inspired 
Yoram’s paper related to air pollution (PM2.5) and fires.
Focus is put the concept
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Abstract-The aerosol optical thickness over land is derived from satellite measurements of the radiance of 
scattered sunlight. These data are used to estimate the columnar mass density of particulate sulfur on a day 
with a large amount of sulfur. The horizontal transport of the particulate sulfur is calculated using wind 
vectors measured with rawins. 
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1. INTRODUCTION 

Air pollution studies involving the total particulate 
mass, or one of its constituents, in a vertical column 
rely on surface measurements of the mass. The fine 
particle mass density (FPM, diameter < 3pm) is 
linearly proportional to the scattering coefficient of 
light (Waggoner et al., 1981). Using this fact and the 
fact that the surface visibility and aerosol optical 
thickness are uncorrelated, because of the variable 
profiles of extinction coefficient, when the visibility 
range is 5-16 km (Kaufman and Fraser, 1983), one can 
conclude that the aerosol columnar and surface den- 
sities are uncorrelated for this range ofvisibilities. Such 
a range corresponds to FPM between 40 and 
130 c(g rnm3. The FPM frequently falls in this range 
during the summer over the Eastern United States, 
since the average visibility is less than 16 km (Husar 
et al., 1981; Trijonis, 1982). Therefore, the surface 
concentration of aerosol mass is a poor estimator for 
columnar mass on many occasions, especially during 
air pollution episodes. 

The particulate mass can be derived from satellite 
measurements of the radiance of sunlight scattered by 
the earth’s atmosphere. Such a method is most success- 
ful where the surface reflection is weak and fairly 
uniform, as for oceans. Many investigators have been 
involved in making measurements of aerosol optical 
thickness (Griggs, 1975, 1979; Mekler et ol., 1977; 
Charlson, 1979; Koepke and Quenzel, 1979; Kaufman 
and Joseph, 1982)and mass (Fraser, 1976) over oceans. 
Attempts to make such measurements over land do not 

seem to have been reported. Satellite measurements of 
aerosol optical thickness over land and estimates of the 
mass of particulate S and its transport are presented 
here. 

Measurements from the Geostationary Operational 
Environmental Satellite (GOES) by the Visible 
Infrared Spin-Scan Radiometer (VISSR) are used. 
Since VISSR is not calibrated after launch, a post- 
launch calibration method was developed and is 
presented. A discussion of the algorithm follows for 
deriving the aerosol optical thickness and particulate 
sulfur mass over land. Values of the optical thickness 
measured from the ground and satellite are compared. 
Then the transport of particulate sulfur during an air 
pollution incident is given. 

2. CALIBRATION 

GOES stationed near 75”W longitude provides radiance 
measurements of Eastern United States and the Atlantic 
Ocean every f h. The effective wave-length of the visible light 
channels is 610 nm. Radiances are measured in eight channels, 
each with a nadir spatial resolution of about 1 km. 
Unfortunately, VISSR is uncalibrated after launch. 
Furthermore, the gains of the eight channels are changed 
aperiodically to reduce striping that appears in images of the 
earth. Hence, a procedure was developed to calibrate VISSR 
on each day that its observations were used for measuring 
aerosol properties. 

The calibration procedure is based on using the atmos- 
pheric molecular scattering as a calibration source. The 
VISSR voltage counts were collected from many cloud-free 
regions of an Atlantic Ocean image for a day of interest. These. 
counts were related to radiances computed for models of the 
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Fig. 3. Algorithm for deriving aerosol properties from satellite observations. 

transfer model. The last box on the right indicates 
derived aerosol properties that are well correlated with 
the radiance of scattered sunlight and on properties 
that can be calculated with additional data, such as 
winds, which are not derived from satellite 
observations. 

A somewhat different radiative transfer model was 
developed for Eastern United States than for maritime 
regions. The ground was assumed to reflect light 
according to Lambert’s law with a reflectance value 
derived from VISSR observations. The atmospheric 
model was the same as described previously, except for 
the aerosol properties. The size distribution was given 
by Whitby (1978) for the accumulation mode, which is 
the strongly dominant mode for aerosol optical pro- 
perties in the visible spectrum. It is a log normal 
function with a mean and standard deviation of the 
logarithm of the diameter in micrometers of -2.40 
and 0.693, respectively. The index of refraction of the 
assumed spherical particles was 1.43-0.0035 i, resulting 
in an albedo of single scattering of 0.96. Tables of 
radiance are calculated for this model as a function 
of the coordinates of the sun, satellite, and points of 
observation, the surface reflectance, and the aerosol 
optical thickness. 

An error budget for satellite measurements of 
aerosol optical thickness is given in Fig. 4. The 
unperturbed model is representative for VISSR 
measurements of Eastern United States during 
summer at mid-morning. A surface reflectance error 
AR of only 0.01 causes an optical thickness error of 
0.04-0.05. The precision AL, of the radiance measure- 
ments was determined by taking the difference in the 
mean pixel counts over an ocean area of 250,000 km2 
on different days when the gain cr(Equation (2)) 
changed only slightly. The bias radiance error AL, is 
difficult to establish. It could have several sources: an 
error in water reflectance, wrong aerosol models, non- 
linear response by VISSR, and computations. An 
estimate of the bias error is 5 per cent of the relative 
radiance, which results in an optical thickness error 
that increases almost linearly with optical thickness. 
The optical thickness errors associated with relative 
humidity and albedo of single scattering also increase 
almost linearly with increasing optical thickness. The 
total error decreases from 50 to 20 per cent as the 
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Fig. 4. Results of a sensitivity study for the effect of 
several error sources on the error in the VISSR 
measurements of aerosol optical thickness (AL 
= O.OOlL, precision in the calibration; AL, = 0.05 I!, 
bias error in the relative radiance; A r.h. = 10 %, error 
in relative humidity; Ao, = 0.01, error in albedo of 
single scattering; AR = 0.01, error in surface reflect- 
ance). The unperturbed model parameters are: 1 
= 550 nm, solar zenith angle = W, observation polar 
angle = 60” and azimuth angle from principal plane 
= 150”, aerosol index of refraction = 1.43-0.0035 i, 
aerosol albedo of single scatter = 0.96, r.h. = 80% 

and surface reflectance R = 0. 

aerosol optical thickness increases from 0.1 to 1.0. The 
corresponding errors (including bias errors) in the 
experimental data are 90 and 25 per cent (Fig. 2). The 
discrepancy at small optical thickness occurs, because 

Atmospheric  Environment,  1984.

Satellite  data
Aerosol  information

Retrieval  algorithm
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of aerosol S is derived from GOES data taken at 1300 
GMT on 31 July 1980, and compared with in situ 
measurements. This day was chosen because a large 
effort was made by many other experimenters to 
measure and analyze the properties of the air pollution. 
The sun had been shining for 3 h over Eastern U.S. on 
this day at the time of the satellite observations. A weak 
cyclone with accompanying rain was located over Lake 
Michigan. South of this region weak anticyclonic flow, 
which is associated with elevated air pollution, 
prevailed. 

The columnar mass density of aerosol S is calculated 
by means of (11) and given in Fig. 5. The maximum 
concentrations above 0.045 gmm2 occur over the 
Atlantic Lean and West Virginia. No other estimates 
of the columnar mass have been published. A com- 
parison with satellite estimates of particulate S mass 
(Fig. 5) can be based on measurements of sulfate 
concentration at the ground on the same day, but not 

at the same time, however. Three independent 
measurements of particulate sulfate concentration are 
given in Table 1. The sulfate is assumed to be 
uniformly mixed from the surface to 1700 m above sea 
level, since an aircraft profile of the dry scattering 
coefficient in this layer near Baltimore at 1710 GMT 
was nearly constant (Tichler et al., 1981). Hence, the 
thickness of the aerosol layer is assumed to have been 
1400m in Virginia where the ground elevation is 
300 m, and 1700 m over the Chesapeake Bay. The 
columnar mass of particulate sulfur in column 5 of 
Table 1 is obtained by multiplying these heights by the 
surface sulfur concentration, which is one-third the 
sulfate mass of column 4. The last column gives the 
ratio of sulfur masses based on satellite and on surface 
measurements. The satellite values are a factor of 1.2 to 
2.3 too large. The differences between the two sets of 
data can be attributed to the strong spatial and 
temporal gradients (Fig. 5; Ferman et al., 1981; Tichler 
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Fig. 5. The columnar mass density of particulate sulfur. The units are g m-‘. The transport data on 
Fig. 7 is computed through the boarders shown here. 

Table 1. Comparison of columnar masses of sulfur derived from ground-based and satellite observations. The satellite 
observations were made at 13OOGMT on 31 July 1980 

1 
Place 

Virginia 

2 3 4 5 6 7 8 
Latitude Longitude Particulate Columnar Reference Satellite Ratio columns 
(deg. N) (deg. W) sulfate mass sulfur mass sulfur mass 7 and 5 

@g m-“) (pm-*) (g m-‘) 

38.7 78.3 38 0.018 Ferman et 0.040 2.3 

Virginia 38.7 78.3 38 0.018 

Near Baltimore 39.3 76.4 24 0.014 

al. (1981) 
Stevens et 
al. (1984) 
Tichler et 
al. (1981) 

0.040 2.3 

0.017 1.2 
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Atmospheric  loading  of  
particulate  sulfur
(gm-2)  on  31  July  1980.

Derived  from  GOES  visible  
reflectance  are
• aerosol  optical  thickness  
(AOT)/depth  (AOD)

• Columnar  amount  of  
sulfur  7/31/1980



Mass loading to surface PM2.5: first attempt

Air quality models may help …

Jefferson County, AL 

Wang  &  Christopher  (2003),  GRL,  
Intercomparison between satellite-
derived aerosol optical thickness 
and PM2.5 mass: Implication for air 
quality studies. 220 citation.



NAAQS uses daily and annual averages of PM2.5
Can we use DNB to estimate surface PM2.5 at night?

• At night, aerosols are often mixed in a shallow nocturnal boundary layer.
• Retrieval of AOD from DNB is still in its infancy; preliminary work include Zhang et al. 

(2008) and Johnson et al. (2013) using isolated light sources.
• We like to make a first attempt to apply DNB for night time PM2.5 air quality.
• Aug – Oct 2012. Focus area: Atlanta  

PM2.5: 5 ug/m3 PM2.5: 13 ug/m3

VIIRS DNB,  7 Sep. 2012 VIIRS DNB,  8 Sep. 2012



Atmospheric Environment, 2016



DNB is most sensitive to change of AOD
but, water vapor effect is also not negligible

The database of spectral intensity emitted from HPS, fluorescent, and LED bulbs 
are from Elvidge et al., (2010).

In the U.S., high- pressure sodium lamps (HPS) are the most common type of light 
source used for outdoor applications (Rea et al., 2009) 



Leave-one-out cross validation of regression model

𝑃𝑀#.%𝑓 𝑟ℎ
𝜇

= 𝑎, − 𝑎.𝑙𝑛 𝐼 − 𝑎2×𝑊 − 𝑎5×𝑃6 𝑃𝑀#.% = 𝒇(𝑊, 𝑃𝑠, 𝑈, 𝑉)

VIIRS-based optical model gives better estimate of surface PM2.5 than 
meteorology-based regression.



Top-Down vs. Bottom-Up estimate of aerosol emission

-Usually  has  a  2~3  yr  lag

-Often  seasonal  or  annual

-Point  or  area  average

-Chemically  speciated

- lack  of  constraint  on  emission  
above  the  surface

- Has  the  potential  for  near  real  time

- Daily  (polar-orbiting)  or  higher  (geo..)

- Globally  with  high  spatial  resolution

- Trace  gases,  &  optical  thickness  

- Reflecting  the  columnar  mass,  and  thus  
1st order  of  emission

Bottom-up  emission  estimate Top-down  emission  estimate

Ground-based  network/data  



Mass Loading -> Emission
GRL, 2012

To avoid difference of aerosol properties between model 
and satellite algorithm, MODIS radiance is directly used as 
an constraint.



JGR 2013







• Fire Radiative Power
• Flaming vs. smoldering ratio
• Fire location/time

JGR, 1998

Charles Ichoku’s talk:
application of FRP for fire emission 
estimate by Charles Ichoku



MODIS	  Fire	  Radiative	  Power	  (FRP)
Advantages
§ Quantitative	   indicator	  of	  fire	  intensity	   (Ichoku	  et	  al,	  2008)
§ Proportional	  to	  amount	  of	  biomass	  consumed	   (Wooster	  et	  al.,	  2005)	  
§ Proportional	  to	  amount	  of	  smoke	  released	   (Ichoku	  and	  Kaufman,	  2005)	  
§ Related	   to	  the	  smoke	  plume	  height	  (Val	  Martin	  et	  al.,	  2010)

Current	  FRP	  Limitation	  (collection	  5)
FRP	  per	  1	  km2

Sapkota  et  al.  (2005)  

FRP  =  f(Tf  - Tb)          Units:  MW  per  pixel  area  

Tf Tb
Val  Martin  et  al.  (2010)

High  fire  temp.

Small  fire  area

Cooler  fire  temp.

Large  fire  area

MODIS  Pixel  #1 MODIS  Pixel  #2

These  pixels  have  equal  FRP?

We  need  FRP  per  fire  area!

Slide from David Peterson, NRL



The principal for sub-pixel fire area and temperature is based on 
Dozier (1981).



“The probability of injection above the BL reaches 50% when the subpixel radiant flux 
(FRP flux) exceeds 20 kW/m2, highlighting its potential for estimating plume buoyancy”. 



Emission  Differences

The  large  differences  (a  factor  of  13)  can  be  
primarily  attributed  to  the  discrepancies  in  
regions  with  high  concentrations  of  fires.

Feng ZHANG et 
al., ERL, 2014.



First fire detection from space
was from visible light at night…

• T. A. Croft, Nature, 1973.

Such agricultural “Fires, invisible by day, are seen 
ranging all around … at night (when) we were literally 
surrounded by them; some smouldering, … others 
fitfully bursting forth, whilst others again stalked 
along with a steadily increasing and enlarging 
flame…” Hooker (in 1846), cited by Croft, 1973.



THREE MAJOR LIGHT SOURCES associated with 
human activities are visible in this nighttime satellite 
image …

the upper third of this picture are the city lights of 
Europe. 

The larger isolated lights near the middle and bottom 
arise from gas flares at oil fields in Algeria, Libya and 
Nigeria. 

The uniform band of smaller lights scattered across 
Africa south of the Sahara appears to originate with 
agricultural and pastoral fires. 

Scientific America, 1978. 



Recent work of using 1.6 µm band for night fire detection
• C. D. Elvidge, M. Zhizhin, F.-C. Hsu, and K. E. Baugh, “VIIRS nightfire: 1333 

Satellite pyrometry at night,” Remote Sens., vol. 5, no. 9, pp. 4423–4449, 1334 
Sep. 2013, doi: 10.3390/rs5094423. 

• W. Schroeder, P. Oliva, L. Giglio, and I. A. Csiszar, “The new VIIRS 375 m 
active fire detection data product: Algorithm description and initial assessment,” 
Remote Sens. Environ., vol. 143, pp. 85–96, Mar. 5, 2014, doi: 
10.1016/j.rse.2013.12.008. 

How about using visible + IR to detect night fire?
Hot & Light: Flaming; hot & dim: smoldering

ITGRS, in press 



Firelight Detection Algorithm (FILDA) 
Combined use of Vis + NIR + IR to detect fires

IDPS AFARP 
Active Fire Application Related Product

BT4 > 320 K

FILDA
Dynamic threshold of BT4

& DNB threshold

First light



Evaluation with ASTER

Multiband/sensor view of the Rim Fire taken at 2:29 AM PDT, 24 August 2013



Potential characterization of smoldering vs. flaming 

smoldering

flaming



Potential to detect fires through clouds



Summary
• The concept of AOD map for studying air quality and pollution 

meteorology has advanced the use of satellite data for estimating surface 
PM2.5 and aerosol primary and precursor emissions.

• The concept of FRP when combined with sub-pixel retrievals add another 
dimension to characterize fires. 

• Visible light at night is shown to be valuable for better characterizing 
surface PM2.5 and smoldering/flaming fires.

• Yoram’s papers continue to inspire me and my students to 
– stick to the principals to avoid getting lost in big data and numbers.
– think new concepts and ideas

• Challengings: what shall we present in 20th Anniversary Yoram Kaufman 
Memorial Symposium?







Is DNB sensitive to aerosol, water vapor, & O2 absorption ?
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PM2.5 at VIIRS night 
overpass time is more 

representative daily-mean 
PM2.5 than at noon time 

(VIIRS daytime overpass)
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Different types of research

• Ground-breaking & seminal  • Development, increment, refinement 

– New physics 
– New technique
– New concept/idea…
From nothing to have something

– Clean up
– Analysis
– Quantification
From having something to make 
things better and complete

equally important for answering science questions.



Satellite  Remote  Sensing  of  Aerosol  Transport

MODIS  Aerosol  Optical  Thickness   &  
700mb  Geopotential Height

09/10/02

09/11/02

09/10/02

09/11/02

09/11/02

09/12/02

Wang  &  Christopher  (2003),  GRL,  Intercomparison between 
satellite-derived aerosol optical thickness and PM2.5 mass: 

Implication for air quality studies.
220 citation.


