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Pandora observation geometries (UV/VIS) 
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Multi-axis observation geometry 
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-  Wavelength


-  Aerosol profile and aerosol properties


-  Clouds 

-  Viewing zenith and relative azimuth angles


-  Solar zenith angle


-  Surface albedo


-  Gas profiles




Box Air Mass Factors (bAMF) 
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bAMF(λ,µ) j =
−WFLIDORT (λ,µ) j

I(λ) ⋅VOD(λ, gas profile) j

-  Sensitivity of the measurements are typically expressed in terms of 
weighting functions (air mass factors)


-  box AMFs are used to show profile 
independent AMF in each atmospheric layer




Air Mass Factors (AMF) 

•  AMF	
  =	
  f	
  (species	
  profile	
  
and	
  total	
  abundance)	
  

	
  
•  AbsorpEon	
  >	
  1%	
  	
  

•  Aerosols,	
  SO2
*,	
  O3	
  in	
  UV	
  

	
  
	
  
*	
  High	
  volcanic	
  SO2	
  loadings	
  

	
  
	
  

	
  
	
  

•  bAMF	
  ≠	
  f	
  (species	
  profile	
  and	
  
total	
  abundance)	
  

•  AbsorpEon	
  <<	
  1%	
  
•  NO2,	
  HCHO,	
  SO2

*,	
  glyoxal,	
  O4	
  

•  One	
  bAMF	
  profile	
  can	
  be	
  used	
  
for	
  mulEple	
  gases	
  and	
  profiles	
  
under	
  the	
  same	
  atmospheric	
  
condi3ons	
  

	
  
*	
  Background	
  SO2	
  and	
  low	
  volcanic	
  loadings	
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Linear	
  Case	
  Non	
  -­‐	
  linear	
  Case	
  



Direct sun box AMF 
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Multi-axis box AMF: SZA:	
  85°	
  RAA:	
  90°	
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Pandora measurements provide NO2: 

-> Total column 


-> Tropospheric Column 


-> Near surface concentration  


-> Some profile information


-> along a narrow field of view (1.5°) in a 
specific azimuthal direction


Air volume “probed” by MAX-DOAS is not 
easy to identify due to multiple scattering




Pandora profiling algorithms 

	
  
ΔSCD:	
  NO2,	
  HCHO,	
  O3,	
  SO2,	
  

H2O	
  and	
  O2O2	
  	
  
CombinaBon	
  of	
  different	
  

elevaBon	
  angle	
  
measurements	
  	
  

è	
  
Near	
  surface	
  

concentraBons,	
  
tropospheric	
  total	
  columns,	
  
some	
  profile	
  informaBon	
  

	
  

	
  
OpBmal	
  esBmaBon	
  using	
  
on-­‐line	
  radiaBve	
  transfer	
  
calculaBons	
  (VLIDORT)	
  

	
  
è	
  

Aerosol	
  Ext.	
  Coef.	
  Profile,	
  	
  
SSA,	
  ASY	
  factor,	
  	
  
Surface	
  Albedo	
  

Gas	
  profiles	
  (CURRENTLY	
  
ONLY	
  O3)	
  

	
  

2.	
  Direct	
  Intensity	
  
fihng	
  

1.	
  Real	
  Eme	
  
DOAS	
  fihng	
  

Wavelength	
  	
  
calibraEon,	
  
	
  
Stray	
  light	
  	
  
correcEon,	
  
Trace	
  gas	
  profiles	
  



Real-time analysis: DOAS fitting 
Read	
  Pandora	
  data	
  

Read	
  auxiliary	
  data	
  

DOAS	
  fihng	
  
	
  (gas	
  specific:	
  5	
  fihng	
  

windows)	
  

Profile	
  parameterizaEon	
  	
  
(gas	
  specific)	
  

Direct	
  sun	
  and	
  sky	
  
spectra	
  

CalibraEon	
  file	
  (cross	
  
secEons,	
  Ring	
  spectrum)	
  

Write	
  near-­‐surface	
  vmr,	
  
Trop.	
  Column,	
  	
  

profile	
  parameters	
  

Tropospheric	
  column	
  
calculaEon	
  from	
  DS	
  and	
  
MAX-­‐DOAS	
  (gas	
  specific)	
  

Surface	
  T,	
  P,	
  RH,	
  
temperature	
  at	
  27	
  km	
  

Near	
  surface	
  volume	
  mixing	
  
raEo	
  from	
  selected	
  angles:	
  

gas	
  and	
  O2O2	
  	
  

stratospheric	
  NO2	
  (Odin/
OSIRIS)	
  climatology,	
  

NDACC	
  AMF	
  lookup	
  tables	
  

no inversion 



Real-time analysis  

-  Combination of direct sun and MAX-DOAS data

-  Traditional DOAS fitting at multiple wavelength 

windows

-  Total tropospheric column from direct sun and MAX-

DOAS 

-  Near surface concentration from low elevation angles 

of trace gas and O2O2 (gas specific)

-  Profiles are derived from near surface concentration, 

total tropospheric column, normalized scan patterns

-  No radiative transfer calculation and inversion 

necessary




Real-time analysis: tropospheric NO2 

Trop. NO2 column = Total column from DS data –  

        stratospheric column


  A) Stratospheric column from DS data 

-  Separation of stratospheric and tropospheric columns based on T-

sensitivity (low residuals and high pollution level, 75o SZA) 

-  Linear interpolation between morning and evening stratospheric 
columns at 75o SZA to estimate stratospheric column at SZA < 75o 

   B) Stratospheric column from zenith sky data

-  NDACC settings for SZA 86-90deg 

-  Interpolation to SZA < 75deg using scaled Odin/OSIRIS 
stratospheric NO2 climatology 




Near-surface NO2: OE vs real time  

Proof	
  of	
  concept:	
  CINDI-­‐2009	
  (Cabauw,	
  the	
  Netherlands)	
  



Total NO2: OE vs near-real time  

Proof	
  of	
  concept:	
  CINDI-­‐2009	
  (Cabauw,	
  the	
  Netherlands)	
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Tropospheric NO2: OE vs near-real time  

Proof	
  of	
  concept:	
  CINDI-­‐2009	
  (Cabauw,	
  the	
  Netherlands)	
  

0.5

1.0

1.5

2.0

0.5

1.0

1.5

2.0

4 6 8 10 12 14 16 18 20
Local time [hr]

1.0

2.0

3.0

4.0

5.0

0.5

1.0

1.5

2.0

Tr
op

os
ph

er
ic

N
O

2
V

C
D

[m
ol

ec
ul

es
/c

m
2

]x
10

16

0.5

1.0

1.5

2.0

4 6 8 10 12 14 16 18 20
Local time [hr]

0.5

1.0

1.5

2.0

WSU/MFDOAS multi-axis; WSU/MFDOAS direct sun; CNRS/SAOZ zenith sky PANDORA 3 geom

29-Jun-2009, Mon, 180 30-Jun-2009, Tue, 181

01-Jul-2009, Wed, 182 02-Jul-2009, Thu, 183

03-Jul-2009, Fri, 184 04-Jul-2009, Sat, 185

0.5

1.0

1.5

2.0 25-Jun-2009, Thu, 176

0.5

1.0

1.5

2.0 24-Jun-2009, Wed, 175

0.5

1.0

1.5

2.0
23-Jun-2009, Tue, 174

1.0

2.0

3.0

4.0

5.0
18-Jun-2009, Thu, 169

E
valuation

V
ersion



DISCOVER-AQ campaigns 

 

 

Deriving	
  Informa3on	
  on	
  Surface	
  Condi3ons	
  from	
  COlumn	
  and	
  VER3cally	
  	
  
Resolved	
  Observa3ons	
  Relevant	
  to	
  Air	
  Quality	
  –	
  NASA	
  sponsored	
  mission


-  Baltimore-Washington, D.C. 2011

-  California 2013: direct sun and 2 profiling sites 
-  Texas 2013: direct sun and 2 profiling sites 

-  Colorado 2014: direct sun and 2 profiling sites 







DISCOVER-AQ campaigns 

 

 

-  All Pandora data have been analyzed and will be 
posted on DISCOVER-AQ website by 15 October 2015


-  Recommendations for inter-comparisons:


-  Account for azimuthal orientation (provided in the 
data files)


-  Account for vertical sensitivity (AMF provided in 
the files)


-  Account for a narrow field of view (1.5°)


-  Direct sun and multi-axis tropospheric columns can 
be different due to spatial heterogeneity


-  Avoid data collected at SZA > 80°




NO2 surface vmr: Golden, CO (2014)  

�     in-situ ground-based CAPS NO2 (Russell Long)   
� Pandora 38 near-surface real time 



NO2 surface vmr: Golden, CO (2014)  



NO2 vertical columns: Golden, CO (2014)  



H2O surface vmr: Golden, CO (2014)  

 



HCHO near-surface vmr: Houston, TX  



O3 near-surface vmr: Houston, TX  
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Extra products: H2O, HCHO, O3 

Will be provided on demand by contacting 
elena.spinei@nasa.gov


Thank you! 



Broadly	
  used	
  for:	
  
•  studying	
  climate	
  variability	
  
•  detec6ng	
  changes	
  in	
  land	
  cover	
  and	
  urban	
  environments	
  
•  monitoring	
  drought	
  condi6ons	
  	
  
•  monitoring	
  crop	
  condi6ons	
  
•  indica6ng	
  wildfire	
  severity	
  
•  …	
  

Land	
  surface	
  temperature	
  (LST)	
  

e.g.,	
  Jin	
  and	
  Dickinson,	
  2010	
  
	
  	
  	
  	
  	
  	
  	
  	
  MODIS	
  Terra	
  LST	
  in	
  K	
  	
  

Highly	
  variable	
  in	
  space	
  
and	
  6me,	
  depending	
  on:	
  
•  solar	
  radia6on	
  
•  land	
  surface	
  proper6es	
  	
  
•  atmospheric	
  condi6ons	
  

1	
  



•  Surface	
  Climate	
  Reference	
  Network	
  and	
  Surface	
  Radia6on	
  
networks:	
  mostly	
  at	
  thermally	
  homogenous	
  loca6ons	
  in	
  the	
  
US;	
  very	
  sparse	
  

•  Satellites	
  (Terra/Aqua	
  MODIS,	
  GOES,	
  NPP/VIIRS,	
  etc):	
  of	
  
various	
  spa6al	
  and	
  temporal	
  resolu6ons;	
  broad	
  coverage;	
  IR	
  
measurements	
  affected	
  by	
  clouds;	
  need	
  careful	
  valida6on	
  

•  Aircra[:	
  scale	
  and	
  uncertainty	
  in-­‐between;	
  also	
  affected	
  by	
  
clouds;	
  useful	
  for	
  model	
  and	
  satellite	
  valida6on,	
  especially	
  
for	
  areas	
  lacking	
  surface	
  observa6ons	
  

Current	
  available	
  LST	
  observa6ons	
  on	
  different	
  scales	
  

h]ps://www.cicsnc.org/fact-­‐sheets/satellite_land_surface_temperature_product_valida6on	
   2	
  



A	
  diurnal	
  cycle	
  model	
  was	
  used	
  to	
  derive	
  LST	
  6me	
  series	
  at	
  mul6ple	
  loca6ons	
  in	
  
Houston	
  that	
  DISCOVER-­‐AQ	
  focused	
  on,	
  following	
  the	
  method	
  in	
  Duan	
  et	
  al.,	
  
2014:	
  
	
  
	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  represent	
  day6me	
  LST	
  at	
  hour	
  t,	
  the	
  
residual	
  temperature,	
  temperature	
  amplitude,	
  6me	
  at	
  which	
  LST	
  reaches	
  its	
  daily	
  
maximum,	
  the	
  6me	
  of	
  sunrise,	
  and	
  the	
  star6ng	
  6me	
  of	
  free	
  a]enua6on	
  (here:	
  1	
  
hour	
  before	
  the	
  sunset),	
  respec6vely.	
  	
  
	
  
The	
  three	
  P-­‐3B	
  circuit-­‐wide	
  mean	
  LST	
  values	
  at	
  each	
  loca6on	
  were	
  used	
  to	
  derive	
  
the	
  three	
  free	
  parameters	
  of	
  T0,	
  Ta,	
  tm	
  in	
  equa6on	
  (1a).	
  LSTs	
  at	
  other	
  day	
  6mes	
  on	
  
September	
  25,	
  2013	
  at	
  each	
  loca6on	
  were	
  then	
  calculated.	
  	
  
	
  
	
  

Deriving	
  LSTs	
  in	
  Houston	
  using	
  DISCOVER-­‐AQ	
  P-­‐3B	
  aircra[	
  data	
  	
  
on	
  Sept	
  25,	
  2013	
  (the	
  least	
  cloudy	
  day	
  in	
  this	
  month)	
  	
  

Huang	
  et	
  al.,	
  in	
  revision	
  
3	
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Aircra[-­‐derived	
  LSTs	
  using	
  a	
  diurnal	
  temperature	
  cycle	
  model	
  

•  At	
  each	
  site,	
  the	
  vegeta6on	
  
indexes	
  and	
  LSTs	
  around/within	
  
the	
  spirals	
  were	
  highly	
  variable.	
  

	
  	
  
•  The	
  aircra[-­‐derived	
  day6me	
  LSTs	
  

show	
  ranges	
  of	
  11-­‐25	
  °K	
  varying	
  by	
  
loca6on,	
  with	
  the	
  daily	
  maxima	
  
occurring	
  near	
  13-­‐14	
  local	
  6me	
  
(near	
  the	
  VIIRS	
  and	
  Aqua	
  
overpasses).	
  	
  

Early	
  p.m.	
  from	
  high	
  to	
  low:	
  
Moody	
  Tower	
  (urban	
  center)	
  
West	
  Houston	
  
Deer	
  Park	
  
Channelview	
  
Conroe	
  
Manvel	
  Croix	
   More	
  vegeta6on	
  cover	
  

VIIRS	
  NDVI	
  
4	
  



Comparing	
  aircra[-­‐derived	
  LSTs	
  with	
  WRF	
  simula6ons	
  	
  
and	
  satellites	
  (MODIS,	
  GOES,	
  VIIRS)	
  

•  WRF	
  performance	
  depended	
  on	
  its	
  configura6ons	
  
•  Discrepancies	
  between	
  the	
  model	
  and	
  the	
  observa6ons	
  
from	
  various	
  plagorms	
  (aircra[,	
  satellites)	
  differed	
  by	
  
loca6on	
  and	
  6me.	
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•  Similar	
  approaches	
  applicable	
  to	
  other	
  
loca6ons	
  and	
  6mes	
  under	
  clear	
  condi6ons	
  
(e.g.,	
  to	
  look	
  at	
  the	
  drought	
  in	
  the	
  US	
  west)	
  

•  Night	
  6me	
  data	
  would	
  be	
  helpful	
  	
  
•  Valida6on	
  of	
  the	
  diurnal	
  cycle	
  model	
  (e.g.,	
  
making	
  more	
  observa6on	
  data	
  at	
  each	
  site)	
  	
  

Comments	
  on	
  future	
  use	
  of	
  aircra[	
  LSTs	
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Working towards understanding the drivers of variability in column 
ozone/formaldehyde relationships 

Jason Schroeder 
Jim Crawford 
Al Fried 
Armin Wisthaler 
Don Blake 

DISCOVER-AQ telecon – September 24, 2015 



Relatively strong relationship between column formaldehyde and ozone 

Advantage: Most of the CH2O vertical 
column is likely to be found in the 
boundary layer 

 Possible to use space-based CH2O 
measurements to learn about O3 in the 
boundary layer 

 Need to understand drivers of variability in 
this relationship  



Case study: back-to-back days in Houston with different slopes, 
different coefficients of determination 

What was happening on the 25th, specifically at Deer Park? 
 Use the LaRC photochemical box model to investigate the effects of chemistry on the 

O3/CH2O relationship in Houston 

P-3 integrated column densities P-3 integrated column densities 



Chemical species needed for model input Measured during DISCOVER-AQ (texas)? 

H2O X 

O3 X 

CO X 

NO X 

NO2 X 

CH4 X 

Ethane 

Propane 

Alkanes (lumped) 

Ethene 

Alkenes (lumped) 

Aromatics (lumped) 

Isoprene X 

Benzene X 

CH2O X 

Acetone X 

MEK X 

Methanol X 

PAN 

HNO3 



Chemical species needed for model input Measured during DISCOVER-AQ (texas)? 

H2O X 

O3 X 

CO X 

NO X 

NO2 X 

CH4 X 

Ethane 

Propane 

Alkanes (lumped) 

Ethene 

Alkenes (lumped) 

Aromatics (lumped) 

Isoprene X 

Benzene X 

CH2O X 

Acetone X 

MEK X 

Methanol X 

PAN 

HNO3 

These species were measured on 
the DC-8 by UCI during SEAC4RS. 

SEAC4RS                   DISCOVER-AQ 
WAS 
PTrMS PTrMS 

Can we find relationships 
between PTrMS and WAS 
measurements to help fill in 
these blanks? 



Calculated from WAS 
data collected over 
Houston during 
SEAC4RS 

Calculated from WAS data over Houston. However, these were 
ALSO measured by the PTr-TOF-MS during DISCOVER-AQ 

𝑅𝑂𝐻𝑁𝑀𝐻𝐶 = [𝑁𝑀𝐻𝐶]𝑖 𝑘𝑂𝐻,𝑖  



Chemical species needed for model input Measured during DISCOVER-AQ (texas)? 

H2O X 

O3 X 

CO X 

NO X 

NO2 X 

Ethane 

Propane 

Alkanes (lumped) 

Ethene 

Alkenes (lumped) 

Aromatics (lumped) 

Isoprene X 

Benzene X 

CH2O X 

Acetone X 

MEK X 

Methanol X 

PAN 

HNO3 



WAS data over Houston. However, 
toluene was ALSO measured by the 
PTr-TOF-MS during DISCOVER-AQ 

𝑅𝑂𝐻𝑙𝑢𝑚𝑝𝑒𝑑_𝑎𝑟𝑜𝑚 = [𝑎𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑠]𝑙𝑢𝑚𝑝𝑒𝑑 𝑥 𝑘𝑂𝐻,𝑙𝑢𝑚𝑝𝑒𝑑_𝑎𝑟𝑜𝑚 



Chemical species needed for model input Measured during DISCOVER-AQ (texas)? 

H2O X 

O3 X 

CO X 

NO X 

NO2 X 

Ethane 

Propane 

Alkanes (lumped) 

Ethene 

Alkenes (lumped) 

Aromatics (lumped) X (estimated) 

Isoprene X 

Benzene X 

CH2O X 

Acetone X 

MEK X 

Methanol X 

PAN 

HNO3 



ROHalkenes,lumped = kalkenes,lumped[alkenes]lumped 
WAS data over Houston. However, 
propene was ALSO measured by the 
PTr-TOF-MS during DISCOVER-AQ 



Chemical species needed for model input Measured during DISCOVER-AQ (texas)? 

H2O X 

O3 X 

CO X 

NO X 

NO2 X 

CH4 X 

Ethane 

Propane 

Alkanes (lumped) 

Ethene 

Alkenes (lumped) X (estimated) 

Aromatics (lumped) X (estimated) 

Isoprene X 

Benzene X 

CH2O X 

Acetone X 

MEK X 

Methanol X 

PAN 

HNO3 





Chemical species needed for model input Measured during DISCOVER-AQ (texas)? 

H2O X 

O3 X 

CO X 

NO X 

NO2 X 

CH4 X 

Ethane 

Propane 

Alkanes (lumped) 

Ethene X(estimated) 

Alkenes (lumped) X (estimated) 

Aromatics (lumped) X (estimated) 

Isoprene X 

Benzene X 

CH2O X 

Acetone X 

MEK X 

Methanol X 

PAN 

HNO3 





Ethane and propane substituted with estimated mixing ratios 



Chemical species needed for model 
input 

Measured during DISCOVER-AQ 
(texas)? 

H2O X 

O3 X 

CO X 

NO X 

NO2 X 

CH4 X 

Ethane X (estimated) 

Propane X(estimated) 

Alkanes (lumped) X(estimated) 

Ethene X(estimated) 

Alkenes (lumped) X (estimated) 

Aromatics (lumped) X (estimated) 

Isoprene X 

Benzene X 

CH2O X 

Acetone X 

MEK X 

Methanol X 

PAN 

HNO3 

Alkane reactivity treated as residual NMHC reactivity 



N
M

H
C

 r
ea

ct
iv

it
y,

 c
al

cu
la

te
d

 u
si

n
g 

es
ti

m
at

ed
 N

M
H

C
 m

ix
in

g 
ra

ti
o

s 


	Telecon-24 September 2015
	E_SPINEI_Pandora_DISCOVER_AQ_24Sep2015
	slides4telecon0924_mhuang
	telecon presentation



