
DOMINO v1.02: what have we learned? DOMINO v1.02: what have we learned? 

1. Validation temporal cycles over Israel

2. Validation over Po Valley and 
Switzerland

3. Validation over the Netherlands 
(DANDELIONS)

4. Validation over the Gulf of Mexico 
(INTEX-B)

5. Modelling studies for E.U. 

6. Modelling studies for 
southeastern U.S.

7. Global assimilation studies 



Detection of recent power plant construction in Detection of recent power plant construction in 
Inner Mongolia in OMI NOInner Mongolia in OMI NO 22

Q. Zhang et al., 
GRL, 2009
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Black dots are 
the locations of 
new plants



Detection of recent power plant construction in Detection of recent power plant construction in 
Inner Mongolia with OMI NOInner Mongolia with OMI NO 22

2005

Q. Zhang et al., 
GRL, 2009

Increase in NO x
emissions 2005-2007



Impact of 2005 hurricanes on pollution emissions Impact of 2005 hurricanes on pollution emissions 
at the Gulf Coast at the Gulf Coast Yoshida et al., 

submitted, 
GRL, 2009Pre-Katrina 

(1-26 Aug)

Post-Rita 
(27 Sep –
17 Oct)

DESTROYED OIL PLATFORMS

DOMINO NO2



Impact of 2005 hurricanes on pollution emissions Impact of 2005 hurricanes on pollution emissions 
at the Gulf Coast at the Gulf Coast Yoshida et al., 

submitted, 
GRL, 2009OIL/GAS 

Production

OMI NO2



Temporal cycles 
reasonably well 
captured by 
DOMINO v1.02

2006

Boersma et al., ACP, 2009



2006-2007

Urban stations: within 10% (consistent with Israeli  cities)

Rural stations: significant biases
Zhou et al., AMT, 2009

PoPo--valley/Switzerlandvalley/Switzerland

DJF MAM          JJA          SON

Ratio OMI:ground-based



SEARCH

SP            
DP     
DP_AK

Seasonal cycle captured

DOMINO biased high by 10-40%

DOMINO with AK within 20% Lamsal et al., JGR, in press, 2009

Southeastern United StatesSoutheastern United States



DOMINO accurate within 15%

DANDELIONS/INTEXDANDELIONS/INTEX --BB

Hains et al., JGR, submitted, 2009



DOMINO higher by 45% than 
model mean in Summer

Air quality model comparisonAir quality model comparison

Huijnen et al., ACPD, submitted, 2009



Solar backscatter measurements (UV to nearSolar backscatter measurements (UV to near --IR)IR)

absorption

wavelengthlll l 1111 lll l 2222

Scattering by 
Earth surface 
and by atmosphere

Pros:
Cons:

Retrieved column in scattering atmosphere depends on 
vertical profile; 
need chemical transport and radiative transfer models

lll l 1111 lll l 2222

concentration

z

(a) albedo=0.02
(b) albedo=0.15
(c) cloud at 800 hPa



v1.02

Psurf ref

Psurf ref

Psurf ref

Psurf ref

Below-ground sensitivity set to zero

AMF LUT issuesAMF LUT issues

1) Increased number of 
reference points for 
surface pressures (10 
-> 15)

2) Resolved issues with 
lowest layer sensitivityActual Psurf



Improvement

Psurf ref

Psurf ref

Psurf ref

Psurf ref

Below-ground sensitivity from 
extrapolation of sensitivity above

NEW Psurf ref

NEW Psurf ref

AMF LUT issuesAMF LUT issues



Effect on average sensitivity over EuropeEffect on average sensitivity over Europe



v1.02



improvement



-9%
-9%-9%



TM4 sampling issueTM4 sampling issue

EMIS ADVEC CHEM DEP CONVEC

NOx is the transported species

NO NO2



TM4 sampling issueTM4 sampling issue

EMIS ADVEC CHEM DEP CONVEC

NOx is the transported species

NO NO2

EMIS ADVEC CHEM DEP CONVEC
ASSIM/ 

SAMPLE

� t=30’



TM4 NOTM4 NO22 profile sampling issuesprofile sampling issues
Validation against RIVM lidar

Comparison against GEOS-Chem

Comparison against hi-res CTMsRIVM lidar

TM4



Possible solutionPossible solution

EMIS ADVEC CHEM DEP CONVEC

• Explicitly transport NO2 (NO, NO3, N2O5, HNO4) along with 
NOx

EMIS ADVEC CHEM DEP CONVEC
ASSIM/ 

SAMPLE

� t=30’
NO, NO2, NO3, N2O5, HNO4

• Or reduce timestep to � t=15’



Average TM4 NOAverage TM4 NO 22 profiles over Europeprofiles over Europe



TM4 NOTM4 NO22 profiles over profiles over CabauwCabauw

TM4: 13:30 hrs

lidar: 12:00-14:40 hrs



TM4 over southern United StatesTM4 over southern United States

TM4: 13:30 hrs

DC8: 12:10-15:20 hrs



-9%
-12%

-12%



TM4 terrain height issueTM4 terrain height issue
• Surface pressure in TM4 is valid for 3
×2


• Sharp gradients near mountainous terrain are not captured

• This leads to erroneous TM4 profiles

TM4 NO2 profiles for 1 December 
2006 over the Po Valley. From 
Zhou et al. [AMT, 2009]

• Use high-resolution database to 
scale profiles



v2.00



with high-res 
terrain height



Polluted low valleys: NO2 �

Polluted high planes: NO2 �



Surface Surface albedoalbedo

Substituting TOMS/GOME albedo database 
for OMI albedos: better agreement with 
validation data



DestripingDestriping





DOMINO bias: between 0% and +50%

1. AMF LUT improvement reduces columns by 5-10%

2. TM4 profile improvements will further reduce columns

3. Terrain height matters

4. OMI surface albedos reduce columns – more in pipeline

5. Destriping






