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Uncertainties  in  satellite  data
General:

• 1)  Retrieval/measurement/calibration   uncertainties
• 2)  Sampling  uncertainties  (spatial  and  temporal)
• 3)  Vertical  distribution
• 4)  Correct  understanding   (and  application)  of  errors  and  error  flags
• 5)  Understanding  of  physical  properties  (type,  absorption,  ccn)

Specific  for  aerosol  cloud  interactions:

• 6)  Co-location  of  aerosol  and  cloud  data  in  2D  and  3D   (links  to  2)
• 7)  Disentangling  effects  from  meteorological  covariability

www.cistools.net
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Stier,	  submitted

Suitability  of  AOD  as  proxy  for  CCN
Correlation  of  6h  CCN  and  AOD  from  global  aerosol  model  
ECHAM-HAM  with  fully  self-consistent  calculation:

r<0.5  for  55%  of  the  global  area
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Climate	  Processes	  Group
Stier,	  submitted

Suitability  of  AOD  as  proxy  for  CCN
Correlation  of  6h  CCN  and  surface  level  AOD  from  self-
consistent  global  aerosol  model  ECHAM-HAM:

Information  about  vertical  structure  (and  size)  key



Case  study:  aerosol  effects  on  precipitation?

Climate	  Processes	  Group
Gryspeerdt et  al.,  ACP,  (2015)

Δ
Δ

Δ

Scavenging  signature  found  in  GCMs  but  not  in  satellite  data  
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Norris, 2007; Wen et al., 2007; Chand et al., 2012). Evidence
from global models suggests that the positive correlation be-65

tween AOD and precipitation rate (Fig. 1a) is largely due to
aerosol hygroscopic growth, resulting in an AOD covariation
with relative humidity (Boucher and Quaas, 2012; Grandey
et al., 2014). Along with aerosol hygroscopic growth, re-
trieval errors such as cloud contamination of AOD retrievals70

(Zhang et al., 2005), can also lead to a positive correla-
tion between AOD and cloud properties. Retrieval errors and
aerosol hygroscopic growth together have been shown to be
responsible for the majority of the positive correlation be-
tween AOD and cloud fraction (CF) (Quaas et al., 2010;75

Grandey et al., 2013). Influences on the AOD-CF correlation
are particularly important, as the strong correlation between
CF and other cloud parameters (including precipitation) can
generate correlations between AOD and these cloud parame-
ters (Gryspeerdt et al., 2014a).80

While observational studies have shown an increase in pre-
cipitation with increasing AOD, this correlation is not always
found when using general circulation models (GCMs). The
difference between models and observations is demonstrated
in Fig. 1, where each of the subplots shows the difference85

in precipitation rate between the highest and lowest quartiles
of AOD over five years of data. Figs. 1a,b use precipitation
data from the TRMM merged precipitation dataset (Huffman
et al., 2007) between 2003 and 2007, but different AOD prod-
ucts. Fig. 1a uses the MODIS AOD product(Remer et al.,90

2005) and Fig. 1b using the MACC reanalysis AOD(Inness
et al., 2013). For comparison, the same analysis is performed
on a 5-year simulation from the HadGEM3-UKCA GCM
(Mann et al., 2014), showing similar results to the ECHAM-
HAM GCM (Grandey et al., 2014).95

Meteorological covariations partially disguise the negative
relationship between AOD and precipitation that exists as the
result of the wet scavenging of aerosol (Quaas et al., 2010;
Grandey et al., 2014). However, as models are expected to re-
produce covariations between aerosol and cloud properties,100

these covariations are unlikely to be the cause of the differ-
ence in the AOD-precipitation correlation between models
and observations seen in Fig. 1. Previous studies have sug-
gested that the difference is due to the different sampling be-
tween models and observations (Grandey et al., 2013, 2014).105

Understanding the impact of sampling on modelled and ob-
served aerosol-cloud-precipitation correlations (Fig. 1) is im-
portant for determining the strength of the aerosol influence
on clouds and precipitation.

Whilst there are some instruments (e.g. Winker et al.,110

2007) and algorithms (Jethva et al., 2014) that can retrieve
the properties of aerosols above or below cloud, the most
commonly used satellite retrievals of aerosol properties are
only performed in cloud-free skies. On the other hand, GCMs
are able to determine the aerosol concentration in cloudy115

skies, and so can determine the AOD in cloudy or precipitat-
ing scenes. This variation in sampling means that the aerosol
seen by a model or the “all-sky” aerosol may be very dif-

Fig. 1. The difference in the TRMM merged precipitation rate be-
tween the highest and lowest AOD quartiles when using (a) MODIS
and (b) MACC AOD between 2003 and 2007. c) The same as
(a) but using 5 years of HadGEM-UKCA precipitation and AOD.
Red(blue) indicates an increase(decrease) in precipitation for the
high AOD population.

ferent from the satellite sampled or “clear-sky” aerosol, es-
pecially in strongly precipitating locations. Almost all ob-120

servational studies of aerosol-cloud-precipitation studies use
“clear-sky” sampling and studies using GCMs use the “all-
sky” sampling. This means it is vital to account for the dis-
crepancies caused by the differing sampling if observational
studies are to be used in constraining aerosol–cloud interac-125

tions in GCMs.
GCMs only carry the “all-sky” AOD between timesteps,

meaning that GCMs effectively assume that each gridbox is
well mixed over a period equal to that of the model timestep
(usually 10–30 minutes). Within this limitation, GCMs take130

some steps to determine a “clear-sky” AOD, taking into ac-
count the wet scavenging that has occurred during a model
timestep to diagnose a “clear-sky” AOD. Some GCMs also
take account of the variation in relative humidity (RH) be-
tween in-cloud and out-of-cloud locations when diagnosing135

the AOD (e.g. Stier et al., 2005), resulting in a difference be-
tween the “all-sky” and the “clear-sky” AOD within a GCM
gridbox. However, as wet scavenging affects the CCN popu-
lation rather than just the AOD, accounting for RH variations
does not account for the underlying CCN (and AOD) varia-140

tions caused by precipitation. Throughout this work we refer
to the difference in sampling between GCMs and satellites,
but any process which prevents the separation of “clear-sky”
aerosol from “all-sky” aerosol in GCMs (such as assump-
tions about mixing) can generate these results.145

Difference  in  TRMM
rainrate between  high  
and  low  MODIS  AOD

Difference  in  HadGEM
GCM  rainrate between  
high  and  low  AOD
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Sampling  Issues:  Non-Coincidence
Composite  of  WRF-Chem simulated  convective  systems

Climate	  Processes	  Group
Gryspeerdt et  al.,  ACP,  (2015)

Gryspeerdt et al.: Wet scavenging and aerosol–cloud interactions 7

Fig. 5. A composite of storms from a three week WRF-Chem simulation in March 2007 over the Congo Basin. The storm composite is
moving from left to right on the above plots. a) A horizontal plot, with the orange filled contours showing the integrated aerosol optical depth
and the hatched regions showing cloud covered regions in 80 and 90% of the storms making up the composite. The solid lines are the 2 and
5 mm hr�1 rainrate contours. b) A vertical cross section through the centre of the composite storm. The orange contours show the aerosol
optical depth and the arrows indicate the wind direction relative to motion of the storm centroid. The vertical wind has been enhanced by a
factor of five to compensate for the different vertical and horizontal scales. The solid contours show the 0.2 and 0.8 g kg�1 levels of rainwater
content and the dashed contour is the �20 dbZ radar reflectivity contour.

location at the front of the storm, drawing in air from regions
that have not previously experienced precipitation.

3.2 Observations470

We find strong similarities in the precipitation development
of the regimes when using MACC AOD and MODIS AOD
(Fig. 6). When regimes and CF variations are not considered,
both MODIS (Fig. 6a) and MACC (Fig. 6b) AOD show a
strong link between precipitation and AOD over ocean, be-475

fore, at and after T+0. This relationship is also seen over land,
although to a lesser extent (Fig. 6g,h), with increased precip-
itation from the high AOD population (red line) compared
to the low AOD population. This matches the effect seen in
Fig. 1, where increased AOD is correlated to an increase in480

retrieved precipitation.
The diurnal cycle of precipitation is very similar between

the plots using MODIS AOD and using MACC AOD, as the

same precipitation dataset is used for both sets of plots. The
absolute magnitude of the precipitation is larger when us-485

ing MACC AOD, as MACC allows the sampling of overcast
regions with a higher precipitation rate that MODIS cannot
sample.

In the shallow cumulus regime (a low CF regime), the
“all-sky” AOD is dominated by the “clear-sky” AOD. When490

using MODIS AOD (Fig. 6c,i), we see a higher precipita-
tion rate for the low AOD population compared to the high
AOD population at times before T+0, previously interpreted
as wet scavenging (Gryspeerdt et al., 2014b). We also see
an increase in the precipitation rate for the high AOD pop-495

ulation compared to the low AOD population at times after
T+0, over both land and ocean. This may indicate an aerosol
invigoration of convective clouds (Gryspeerdt et al., 2014b).

When comparing the precipitation development plots us-
ing MACC AOD (Fig. 6d,j) to those using MODIS AOD, the500

shallow cumulus regime shows similar features. The increase

-‐20	  dbZ

0.8	  g	  kg-‐1	  
rainwater

Issue:  AOD  scavenging  signal  concentrated  in  areas  with  
high  cloud  fraction  – poorly  sampled  by  satellites



Sampling  Issues:  Non-Coincidence
GCMs  initially  separate  clear  and  precipitating  fractions:
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and the hatched regions showing cloud covered regions in 80 and 90% of the storms making up the composite. The solid lines are the 2 and
5 mm hr�1 rainrate contours. b) A vertical cross section through the centre of the composite storm. The orange contours show the aerosol
optical depth and the arrows indicate the wind direction relative to motion of the storm centroid. The vertical wind has been enhanced by a
factor of five to compensate for the different vertical and horizontal scales. The solid contours show the 0.2 and 0.8 g kg�1 levels of rainwater
content and the dashed contour is the �20 dbZ radar reflectivity contour.
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sample.

In the shallow cumulus regime (a low CF regime), the
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AOD population at times before T+0, previously interpreted
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T+0, over both land and ocean. This may indicate an aerosol
invigoration of convective clouds (Gryspeerdt et al., 2014b).
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ing MACC AOD (Fig. 6d,j) to those using MODIS AOD, the500

shallow cumulus regime shows similar features. The increase

GCM  grid
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Fig. 5. A composite of storms from a three week WRF-Chem simulation in March 2007 over the Congo Basin. The storm composite is
moving from left to right on the above plots. a) A horizontal plot, with the orange filled contours showing the integrated aerosol optical depth
and the hatched regions showing cloud covered regions in 80 and 90% of the storms making up the composite. The solid lines are the 2 and
5 mm hr�1 rainrate contours. b) A vertical cross section through the centre of the composite storm. The orange contours show the aerosol
optical depth and the arrows indicate the wind direction relative to motion of the storm centroid. The vertical wind has been enhanced by a
factor of five to compensate for the different vertical and horizontal scales. The solid contours show the 0.2 and 0.8 g kg�1 levels of rainwater
content and the dashed contour is the �20 dbZ radar reflectivity contour.

location at the front of the storm, drawing in air from regions
that have not previously experienced precipitation.

3.2 Observations470

We find strong similarities in the precipitation development
of the regimes when using MACC AOD and MODIS AOD
(Fig. 6). When regimes and CF variations are not considered,
both MODIS (Fig. 6a) and MACC (Fig. 6b) AOD show a
strong link between precipitation and AOD over ocean, be-475

fore, at and after T+0. This relationship is also seen over land,
although to a lesser extent (Fig. 6g,h), with increased precip-
itation from the high AOD population (red line) compared
to the low AOD population. This matches the effect seen in
Fig. 1, where increased AOD is correlated to an increase in480

retrieved precipitation.
The diurnal cycle of precipitation is very similar between

the plots using MODIS AOD and using MACC AOD, as the

same precipitation dataset is used for both sets of plots. The
absolute magnitude of the precipitation is larger when us-485

ing MACC AOD, as MACC allows the sampling of overcast
regions with a higher precipitation rate that MODIS cannot
sample.

In the shallow cumulus regime (a low CF regime), the
“all-sky” AOD is dominated by the “clear-sky” AOD. When490

using MODIS AOD (Fig. 6c,i), we see a higher precipita-
tion rate for the low AOD population compared to the high
AOD population at times before T+0, previously interpreted
as wet scavenging (Gryspeerdt et al., 2014b). We also see
an increase in the precipitation rate for the high AOD pop-495

ulation compared to the low AOD population at times after
T+0, over both land and ocean. This may indicate an aerosol
invigoration of convective clouds (Gryspeerdt et al., 2014b).

When comparing the precipitation development plots us-
ing MACC AOD (Fig. 6d,j) to those using MODIS AOD, the500

shallow cumulus regime shows similar features. The increase

GCM  grid  -

GCMs  average  grid-box  at  the  end  of  each  timestep…

low  bias
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AeroSat Discussion  
• Need  to  understand  errors  of  retrievals
• Need  to  understand  what  has  not  been  retrieved  (and  why)
This  is  key  to  avoid  sampling  biases

• Satellite  simulators  can  help  to  avoid  these  issues
• Currently  the  analysis  of  representativeness   (e.g.  of  AOD/AI  
for  CCN)  happens  mostly  on  the  user  side

• Large  domain  CRM/LES  simulations   including  aerosols  
provide  new  opportunities   to  test  representativeness

www.cistools.net



AeroCom Remote  Sensing

Taylor	  plots	  AOT

MODIS	  AOT AERONET	  AE MAN	  AOT

AeroCom model	  evaluation	  against	  a	  large	  suite	  of	   remote	  sensing	  observations

Nick  Schutgens,  Stefan  Kinne,  Philip  Stier  
Links  to  AeroSat?

Regional	  AOT

Evaluation	  of	  AeroCom 3h	  
model	  output:
• AOT,	  AE,	  SSA	  (2D)
• RH	  (2D,	  AOT-‐weighted)



Open source python toolbox to efficiently intercompare data
- Generic tool for analysing, visualising and colocating datasets 
- Handling of complex gridded and ungridded data in many formats
- Simple command line syntax with many options
- Flexible approach through plug-ins, e.g. for new data sources
- Open source software & deployed for community use on JASMIN

Read
Plug-‐ins	   for	  
gridded	   and	  

ungridded data

Analyse
Colocation,	  
Aggregation,	  

Statistics,	  Algebra	  

Output
Plots,	   statistics,	  
data	  in	  netcdf

CEDA Database Web interface

Climate	  Processes	  Group
https://www2.physics.ox.ac.uk/research/climate-processes/projects/cis
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Colocation Colocation method:
1. Specify searchbox

• Horizontal distance
• Vertical distance
• Time separation

2. Specify operation
• Nearest neighbour (time)
• Nearest neighbour (space)
• Average
• User plug-in

CIS	  col	  <native	  file>	  	  <native	  variable>:<native	  file>:<colocation	  method>	   	  -‐o	  <file>	  

This	  file	  provides	   the	  new	  
spatio-‐temporal	  sampling

This	  file	  provides	   the	  data	  
that	  will	  be	  resampled

Nearest	  neighbour or	  
linear	  interpolation

Output
(netcdf)

Soon: www.cistools.net



GASSP aircraft data

cis plot ALT:*.nc --nasabluemarble

www.cistools.net

MODIS AOD CloudSat

GASSP aircraft

SEVIRI
CALIOP

Plug-in   interface  for  new  data


